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PROCEEDINGS, PART | 


The Society is not responsible, as a body, for the statements and opinions advanced in this 
publication. 


The following Summary records the action taken by the Society at the Annual 
Meeting on the Recommendations Affecting Standards and Tentative Standards 
appearing in the Annual Reports of the Standing Committees. In the individual 
committee reports attention is called through an editorial footnote to any modifi- 
cations of the recommendations or where the recommendations of the committee 
were not approved. In all other instances it is to be understood that the recom- 
mendations were approved as submitted by the committee. 


SUMMARY OF THE PROCEEDINGS OF THE THIRTY-EIG 
Detroit, Micu., JUNE 24-28, 1935 


Tue T HIRTY-EIGHTH ANNUAL MEETING OF THE AMERICAN SOCIETY FOR TESTING 
MATERIALS was held at The Book-Cadillac, Detroit, Mich., June 24-28, 1935. The 
following is an analysis of the registered attendance at the meeting: Members in 
attendance or represented, 766; guests, 246; total, 1012; ladies, 124. The cor- 
responding statistics for the Thirty-seventh Annual Meeting are as follows: Members 
in attendance or represented, 721; guests, 102; total, 823; ladies, 132. 


THE Tuirp Exutsit oF TESTING APPARATUS AND RELATED EQUIPMENT sponsored } 
by the Society was held in the Grand Ballroom of The Book-Cadillac throughout the 
five days of the annual meeting. In the 38 booths comprising the Exhibit there was 
displayed a wide range of commercial testing and research instruments, as well as 
apparatus being used for special investigational work. ‘Twenty-two companies in the 
industry sponsored booths showing much new equipment as well as improvements in 
existing types of apparatus, and several research laboratories of universities, industrial 
companies, etc., displayed special equipment they had devised for research work. 

Very interesting booth displays were arranged by six of the Society’s committees 
functioning in the following fields: Corrosion of non-ferrous metals and alloys, die-cast 
metals and alloys, metallography, thermometers and laboratory glassware, petroleum 
products and lubricants, and electrical insulating materials. Each of these com- 
mittees demonstrated various phases of its work, through the showing of test specimens — 
used in corrosion tests, etc., or displaying apparatus which the committee has been y 
Tr for developing and standardizing. 
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First SEsSION—TUvESDAY, JUNE 25, 10 A.M. 


SUMMARY OF PROCEEDINGS 


Opening Session 
Past-President F. O. Clements in the chair. 


Pagt-Pfesident Clements in opening the Thirty-eighth Annual Meeting referred 
briefly 'to the outstanding features of this annual meeting which were of particular 
significance, mentioning specifically the exhibit of testing apparatus and related 
equipment, the symposium on roads and rides, the Marburg Lecture, the annual 
A.S.T.M. Dinner, and the symposium on spectrographic analysis. ‘The chairman 
also referred briefly to the many activities which the Society has fostered through its 
standing committees during the past year as evidenced by the many reports to be 
presented at the technical sessions. On behalf of the Detroit Committee on Arrange- 
ments, Chairman Clements expressed the wish that it would be a most successful 
meeting. 


The chairman then introduced Harvey J. Campbell, Jr., Secretary, Detroit 
Board of Commerce, who extended a very cordial welcome to the Society on the 
occasion of its first annual meeting in Detroit. He reviewed briefly the history of the 
city, the fourth largest in the United States and the center of the automobile industry. 
He called attention to the excellent geographical location of the city in the heart of 
the Great Lakes region and expressed the belief that the city was destined to continue 
to enjoy a place among the leading industrial and metropolitan cities of the world. 


The chairman then presented C. F. Hirshfeld, Chief of Research Department, 
The Detroit Edison Co., who spoke on “‘ Relation of Specificatiors to the Engineering 
Profession.” Mr. Hirshfeld presented a very interesting paper! in which he pointed 
out that the practice of engineering is based upon the choice and use of materials 
adapted to produce the desired technical and economic results and accordingly a 
knowledge of their properties and characteristics is absolutely essential. He stated 
that it is not only necessary that the engineer shall have available in useable form 
this extensive information regarding materials but also that he shall be able to define 
or describe each one of them sufficiently accurately and specifically. Such description 
has come to be known as specification. The engineer must realize always that each 
item of a technical specification dealing with materials is of value only as it affects and ¢ 
the usefulness of the material for a specific purpose. to Se 
Since the application of materials practically always precedes the knowledge entai. 
required for technically and commercially satisfactory specifications, Mr. Hirshfeld ; 
expressed the belief that back of it all lies research and that in general we progress in to ese 
proportion to the extent of the research. He presented a very characteristic picture Since 
of the way in which engineering, materials and specifications develop and showed that 
we progress only because we maintain a more or less precarious but nevertheless prac- 
tical balance between the development of knowledge of the properties of materials, 
the application of such materials to engineering purposes and the production of 
useable specifications. Thus, successful specification is seen to be one of the pre- 
requisites for the success of any engineering project, and the practice of engineering 
: _ without specification is a practical impossibility. 


The chairman then presented President Hermann von Schrenk who delivered the 
annual Presidential Address in which he pointed out two broad steps which he believes 
may increase the value and utility of A.S.T.M. work. Practically every meeting is 
featured by a symposium on one or more important engineering materials subjects— 

collections of papers by individual experts on a particular subject or material. Doctor 


1 Published in A.S.T.M. Bulletin, July, 1935. 
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von Schrenk would like to see this method of presenting valuable information and 
data to the engineer extended so that symposiums would not only bring together 
experts on different materials, but also more direct participation by standing com- 
mittees of the Society. This would result in a closer tying together of results of diverse 
investigations. His second major point was, briefly, to have committees give, where 
feasible, information with respect to specifications concerning permissible and proper 
uses; in this way indicating to the user: first, what A.S.T.M. standards exist with 
reference to various kinds of uses, and second, reasons why certain A.S.T.M. specifi- 
cations should be considered for the use of such material. ‘‘In other words a closer 
tying in of the various standards.” 

Chairman Clements then introduced the Secretary-Treasurer, C. L. Warwick, 
who presented the report of the Executive Committee. The report presented certain 
modifications in the Regulations Governing Standing Committees, and discussed 
membership, finances, publications, standing committee activities, district commit- 
tees, Society and Regional Meetings, and inter-society and other cooperative relations. 


The chairman then recognized J. M. Darke, chairman of the Committee of 
Tellers, who reported the results of the letter ballot on election of officers. Of the 
719 ballots cast, the results were as follows: 

For President, to serve for one year: H. S. Vassar, 717 votes. ' 

For Vice-President, to serve for two years: A. E. White, 715 votes. 

For Members of Executive Committee, to serve for two years: oe 

W. H. Graves, 714 votes. — 


R. L. Hallett, 714 votes. 
N. L. Mochel, 713 votes. 


H. H. Morgan, 710 votes. 
; W. R. Webster, 711 votes. 
1 In accordance with the ballot the chair declared the officers listed above elected. 
. The chairman then introduced the newly elected members of the Executive 
Committee. 
. At the request of the chairman, Past-President K. G. Mackenzie and H. W. 
h Gillett escorted the Vice-President-Elect, A. E. White, to the chair, who responded 
3 and expressed sincere appreciation of the honor of his election and of the opportunity 
to serve the Society in this capacity. Mr. White stated that he realized the office 
. entailed responsibilities which he would make every effort to fulfill. 
‘d The chairman then requested Past-Presidents T. R. Lawson and K. G. Mackenzie 
- to escort the President-Elect, H. S. Vassar, to the chair. Mr. Vassar in expressing - 
re sincere appreciation of the honor of his election to the Presidency made the following 
ot remarks: 
c- “In my association with the Society in some of its committee work, on the 
ls, Executive Committee, and in attendance at these meetings, there are two things 
of that impress me about the Society, two things in which I think it differs somewhat 
re- from any other technical or trade organizations. The first is in the great capacity 
ng for arduous work which is shown by many of the members of our standing com- 
mittees, work which is non-spectacular but which is often tedious and which 
r redounds very much to the glory of the Society rather than of the individual. 
she 


The second thing I have noticed is the spirit of cooperation which marks the 
ves work of the Society. That is partly due perhaps to the general set-up of the 
Society which provides for the representation of what are often conflicting interests 
on the various standing committees. Most of our members, in the internal 
relationships of the Society as well as in our relationships with other societies, 
have shown a great willingness to go what is often called the second mile. 
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SUMMARY OF PROCEEDINGS 


I believe that one of our outstanding characteristics, one of the things that 

has made this organization the success it has been through the years, has been 
< that willingness to face facts on the part of these interests that are often 
conflicting. A leading electrical engineer once said: ‘Cooperation is not a 
sentiment, it is an economic necessity.” It seems to me that if some of the 
_ spirit that has characterized this organization could be carried over today into 
4 the study and into the handling of some of the national questions that vex, annoy 
and irritate, a great deal would be accomplished towards their satisfactory 
settlement. 

Just a word as to the year on which we are entering. The conventional 
thing to do is to ask for a continuance of your cooperation. I do not think that 
that is at all necessary, because I look forward personally to the new year with 
absolute confidence in the friendly spirit that has been shown in all the affairs 
of the Society, believing there will be a continuing upward trend through the 
united efforts of the individual members and the officers, each contributing and 
doing his appointed service.” 
The meeting then adjourned till 2 p. m. 


SECOND SESSION—TUESDAY, JUNE 25, 2 P.M. 
Testing; Yield Strength 


President Hermann von Schrenk in the chair. 

The report of Committee E-10 on Standards was presented from manuscript 
by the chairman, T. R. Lawson. 

The report of Committee E-9 on Research was presented from manuscript by 
the chairman, P. H. Bates. 


The report of Committee E-1 on Methods of Testing was presented by the 
chairman, W. H. Fulweiler. It was announced that the proposed revisions of the 
Standard Specifications for Round-Hole Screens for Testing Purposes (E 17 - 33), 
the Tentative Methods of Verification of Testing Machines (E 4 — 34 T) and the 
Tentative Definitions of Terms Relating to Methods of Testing (E 6 - 32 T), which 
appeared in the report as information, would, if approved by letter ballot of the com- 
mittee, be submitted to the Society for publication as tentative through Committee 
E-10 on Standards subsequent to the annual meeting. 


A paper entitled “‘Measurement of Particle Size Distribution by Optical 
Methods,” by R. N. Traxler and L. A. H. Baum, was presented by Mr. Traxler and 
discussed. 

A paper entitled ‘‘The Relation Between the Tension Static and Dynamic Tests,” 
by H. C. Mann, was presented from manuscript by the author and discussed. 

A paper entitled “‘The Hardness Testing of Light Metals and Alloys,” by R. L. 
Templin, was presented by the author and discussed. 

A paper entitled “A New Method and Machine for Dynamic Hardness Testing,” 
by W. M. Patterson, was presented by the author and discussed. 

Past-President H. F. Moore then assumed the chair. 


In introducing the Informal Discussion on the Significance of ‘‘ Yield Strength” 
of Metals in Design and Specifications the chairman stated that experience in the 
determination of yield strength for various materials is accumulating and questions 
have arisen regarding its significance and its utilization in design of structures and 
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were 
at as a requirement in purchase specifications. This informal discussion was accordingly 
= arranged to provide opportunity for statements of such experience and questions, 
a and for presentation of critical comment thereon. 
a The discussion was introduced by the following papers: 

he “Yield Strength from the Viewpoint of Ferrous Metals,” by L. H. Fry. ae 
to “Yield Strength from the Viewpoint of Non-Ferrous Metals,” by R. L. Templin. 
oy “Yield Strength from the Viewpoint of the Testing Engineer,” by H. H. Morgan. 
ry “Yield Strength from the Viewpoint of the Design Engineer,” by J. B. Kommers. 

“Elastic Strength and the Relationship to Creep,” by M. F. Sayre. 

val Following their presentation the papers were discussed. 

= The meeting then adjourned til! 8 p. m. 

irs 

the 

ind THIRD SESSION—TUESDAY, JUNE 25, 8 P.M. 
Symposium on the Place of Materials in Automobile Roads and Rides 

President Hermann von Schrenk and Mr. T. A. Boyd co-chairmen. 

In introducing the Symposium on the Place of Materials in Automobile Roads 
and Rides,! President von Schrenk stated that the subject to be discussed was of 
particular significance and particularly appropriate for presentation in the industrial 
city of Detroit since it is the home of the automobile and so closely affiliated with 
the rubber industry. 

ript He called attention to the statement that “there is probably no single machine 

in which so many principles of physics find their application in so small a space as in 

=" the modern automobile.” The same thing might equally well be said of the materials 

y employed in constructing the automobile and the roads on which it runs. In order 

to treat in a systematic manner the part which these materials play in the road, the 

the tire and the automobile this symposium was arranged under the auspices of the 

' the Detroit Program Committee. The contents of the papers are not intended primarily 

33), to advance the knowledge of the specialists in this field but to stimulate discussion 

. the of the problems relating to these materials and the further developments which 
thich appear to be desirable and which the future may reasonably hold. 

com- The following papers comprising the symposium were then presented by their 

littee authors from manuscript: 
“The Road,” by John S. Worley. _ 
stical “Tires and Their Place in Automotive Transportation,” by K. D. Smith. 
r and “The Car,” by O. T. Kreusser. 
Following their presentation the papers were discussed, the discussion being 
p= opened by the following on behalf of certain of the interested standing committees 
me, of the Society having jurisdiction over materials that enter into the construction of 
roads, tires and automobiles: 
R. L. F. C. Lang, for Committee D-4 on Road and Paving Materials. 
R. R. Litehiser, for Committee C-9 on Concrete and Concrete Aggregates. 
ting,” Martin Castricum, for Committee D-13 on Textile Materials. 


H. A. Depew, for Committee D-11 on Rubber Products. 

H. H. Morgan, for Committee A-1 on Steel. 
ngth” A. L. Clayden, for Committee D-2 on Petroleum Products and Lubricants. 
in the The meeting then adjourned till the following morning. 
»stions 
2s and 
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1 Available as a separate publication, October, 1935. 
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FourtH SESSION—WEDNESDAY, JUNE 26, 9.30 A. M. 
Steel, Wrought Iron, Cast Iron _ 
(Held Simultaneously with Fifth Session) 


Mr. W. M. Barr in the chair. 


The report of Committee A-2 on Wrought Iron was presented by the secretary, 
G. H. Woodroffe. The proposed Tentative Specifications for Uncoated Wrought- 


Iron Sheets, and for Zinc-Coated (Galvanized) Wrought-Iron Sheets were accepted 


for publication as tentative. The proposed revisions of the Tentative Specifications 
for Wrought-Iron Plates (A 42-34 T) and for Wrought-Iron Rivets and Rivet 
Rounds (A 152-33 T) were accepted, the specifications as revised being continued 
as tentative. 

The proposed revisions of the Standard Specifications for Common Iron Bars 
(A 85-27), for Refined Wrought-Iron Bars (A 41-30), for Wrought-Iron Rolled 
or Forged Blooms and Forgings for Locomotives and Cars (A 73-30), for Hollow 
Rolled Staybolt Iron (A 86-30) and for Lap-Welded and Seamless Steel and Lap- 
Welded Iron Boiler Tubes (A 83-34) were accepted for publication as tentative. 
The proposed revision of the Standard Specifications for Staybolt, Engine-Bolt and 
Other High-Grade Wrought-Iron Bars (A 84-33) was accepted for publication as 
tentative, with the following additional tentative revision of Section 7 (a), presented 
on the floor at the annual meeting, subject to favorable letter ballot of Com- 
mittee A-2:! 


Section 7 (a).—Change to read as follows by the addition of the italicized words and 
the omission of the words and figures in brackets: 


7. (a) Grade A.—For bars } in. in diameter or under, a reduction in the 
minimum elongation in 8 in. specified in Section 6 (a) shall be permitted, but in 
no case shall the elongation be less than 28 per cent. [For bars } in. or under 
in diameter, the elongation shall not be less than 25 per cent.] 


The tentative revision of the Standard Specifications for Hollow Rolled Staybolt 
Iron (A 86-30) was approved for reference to letter ballot of the Society for adop- 
tion as standard. 


The report of Committee A-6 on Magnetic Properties was presented by the chair. 
The proposed revisions of the Standard Definitions of Terms, with Units and Symbols, 
Relating to Magnetic Testing (A 127 — 34) in the form of separate tentative defini- 
tions, and of the Standard Methods of Test for Magnetic Properties of Iron and Steel 
(A 34-33) were accepted for publication as tentative. 


The report of Committee A-1 on Steel was presented by the staff assistant, R. J. 
Painter. ‘The proposed Tentative Specifications for Axle-Steel Concrete Reinforce- 
ment Bars and for Seamless Low-Carbon-Steel Still Tubes for Refinery Service were 
accepted for publication as tentative. The proposed revisions of the Standard Speci- 
fications for Open-Hearth Carbon-Steel Rails (A 1-30), for Quenched High-Carbon- 
Steel Splice Bars (A 49-21), for Carbon-Steel Bars for Railway Springs with Special 
Silicon Requirements (A 68 — 27), for Lap-Welded and Seamless Steel and Lap-Welded 
Iron Boiler Tubes (A 83 — 34), for Commercial Quality Hot-Rolled Bar Steels (A 107 - 
33) and for Commercial Cold-Finished Bar ,Steels and Cold-Finished Shafting 


1 The proposed revision was submitted to letter ballot of Committee A-2 which consists of 55 members; 
45 fad. 2 returned their ballots, of whom 44 voted affirmatively and 1 negatively. 
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(A 108-33) were accepted for publication as tentative. The proposed revision of 
the Tentative Specifications for Seamless Alloy-Steel Pipe for Service at Temperatures 
from 750 to 1100 F. (A 158 — 34 T) was accepted, the specifications as revised being 
continued as tentative. 

The Tentative Specifications for Heat-Treated Steel Elliptical Springs (A 147-_ 
33 T) were approved for reference to letter ballot of the Society for adoption as stand- 
ard. The tentative revisions of the Standard Specifications for Billet-Steel Concrete 
Reinforcement Bars (A 15-33) and for Rail-Steel Concrete Reinforcement Bars 
(A 16-33) were approved for reference to letter ballot of the Society for adoption as _ 
standard. The withdrawal of the Tentative Specifications for Carbon-Steel Castings _ 
for Industrial, Railroad and Marine Uses (A 154-33 T) was approved. The List 
of Specifications for Steel Suitable for Fusion Welding (A 151-33), with proposed 
additions, was approved for reference to letter ballot of the Society for publication 
in the 1935 Supplement to Book of A.S.T.M. Standards. 

It was announced that the Proposed Specifications for Forged or Rolled Alloy- 
Steel Pipe Flanges, Forged Fittings, and Valves and Parts for Service at Temperatures | 
from 750 to 1100 F., which appeared in the preprinted report as information, would, 
if approved by letter ballot of the committee, be submitted to the Society for publi- 
cation as tentative through Committee E-10 on Standards subsequent to the annual 
meeting. It was also announced that the committee had completed for submission | 
to Committee E-10 for publication as tentative new Specifieations for Carbon-Steel . 
Heat Exchanger and Condenser Tubes, for Electric-Resistance Welded Steel, and 
Open-Hearth Iron Boiler Tubes, for Carbon-Steel and Alloy-Steel Castings for Rail- 
roads, for Carbon-Steel Castings for Miscellaneous Industrial Uses, for Forged Steel 
Pipe Flanges, and for Nut Material Used in Bolting for High Pressure and/or High 
Temperature from Room Temperature to 1100 F. Revisions in three existing tenta- 
tive specifications are also expected to be presented to Committee E-10 covering — 
high tensile strength carbon steel plates and cold-rolled strip steel. Tentative revi- 
sions will also be presented in the existing Standard Specifications for Steel for 
Buildings (A 9-34), for Steel for Bridges (A 7-34), for Structural Silicon Steel | 
(A 94-33), for Quenched Carbon-Steel Track Bolts (A 50-33), for Quenched Alloy- 
Steel Track Bolts (A 51-33), for Lap-Welded and Seamless Steel and Lap-Welded 
Iron Boiler Tubes (A 83 - 34), for Boiler and Firebox Steel for Stationary Service 
(A 70-33), and several specifications covering Steel for High-Temperature Service. 


A paper entitled ‘The Effect of Cold Bending on the Elastic Properties of Heavy 
(33 in. Thick) Steel Plates,” by C. H. Gibbons, was presented from manuscript by 
the author and discussed. 


The report of Committee A-3 on Cast Iron was presented by the chairman,,. 
Hyman Bornstein. The proposed Tentative Specifications for Automotive Gray- 
Iron Castings were accepted for publication as tentative. The proposed revision of 
the Tentative Specifications for Gray-Iron Castings (A 48-32 T) and for Cast-Iron 
Culvert Pipe (A 142-34 T) were accepted, the specifications as revised being con- 
tinued as tentative. The proposed revision of the Tentative Specifications for Chilled- 
Tread Cast-Iron Wheels (A 46-30 T), which appeared in the report as preprinted, 
was withdrawn by the committee for further consideration. 


A paper entitled “‘Rear Axle Gears: Factors Which Influence Their Life,” by 
J.O. Almen and A. L. Boegehold, was presented jointly by the authors and discussed. 


The meeting then adjourned till 2 p. m. 
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SUMMARY OF PROCEEDINGS 


FirtH SESSION—WEDNESDAY, JUNE 26, 9.30 A. M. 


Paint, Timber, Naval Stores I “a 

(Held Simultaneously with Fourth Session) _ (D 

Vice-President H. S. Vassar in the chair. - 


The report of Committee D-1 on Preservative Coatings for Structural Materials 
was presented by the chairman, Allen Rogers, who called on the secretary, M. Rea 


Paul, to give the detailed recommendations of the committee. The proposed Tenta- _ 
tive Specifications for White Pine Wood to Be Used in Weather Tests of Paints with Ch 
certain editorial changes presented on the floor at the annual meeting, specifications Ter 
for Blue Lead (Basic Sulfate), and Methods of Test for Comparative Hiding Power Sol 
of White Pigments and of Testing Oleo-Resinous Varnishes (Skinning Test, Alkali ey 
ado 
Resistance, Acid Number) were accepted for publication as tentative. Tin 
The immediate adoption as standard of the proposed revision in the Standard tint 
Specifications for Dry Bleached Shellac (D 207 — 33) and for Shellac Varnish (D 359 - aes 


_ 34) was unanimously approved for reference to letter ballot of the Society, this recom- 33) 
_ mendation requiring a nine-tenths vote. 
. The proposed revisions of the Standard Specifications for Raw Tung Oil (D 12 - 
33), and Methods of Routine Analysis of Yellow and Orange Pigments Containing 
Chromium Compounds, Blue Pigments and Chrome Green (D 126-27) and of 
White Linseed Oil Paints (D 215 —- 29) were accepted for publication as tentative. 
The proposed revisions of the Tentative Methods of Test for Tinting Strength Bro 
of White Pigments or White Pigment Pastes (D 332-34 T), for Mass Color and 
Tinting Strength of Dry Color Pigments or Pastes (D 387-34 T) and for Soluble 
Nitrocellulose Base Solutions (D 365 - 33 T) were accepted, the methods as revised 
_ being continued as tentative. 
The Tentative Specifications for Titanium Barium Pigment (D 382 — 34 T), for 
Titanium Calcium Pigment (D 383 —- 34 T) and for Acetate Ester of Ethylene Glycol 
Mono Ethyl Ether (95 to 96 per cent Grade) (D 343-32 T) were approved for 
reference to letter ballot of the Society for adoption as standard. The adoption as 
standard of the Tentative Specifications for Ethylene Glycol Mono Butyl Ether man 
(D 330-32 T) and for Ethylene Glycol Mono Ethyl Ether (D 331 — 32 T), proposed Prox 
on the floor at the annual meeting, was unanimously approved for reference to letter Phy 


_ ballct of the Society, subject to favorable letter ballot of Committee D-1.1 of V 
The tentative revisions of the Standard Methods of Routine Analysis of Dry were 
Red Lead (D 49 - 33), of White Linseed Oil Paints (D 215-29) and of Yellow and the 
Orange Pigments Containing Chromium Compounds, Blue Pigments and Chrome Host 
Green (D 126-27) were approved for reference to letter ballot of the Society for appr 
adoption as standard. a nit 

: The withdrawal of the Tentative Specifications for Acetate Ester of Ethylene 
7 Glycol Mono Ethyl] Ether (90 to 91 per cent Grade) (D 342 —- 32 T), proposed on the Cab! 
floor at the annual meeting, was unanimously approved, subject to favorable letter Wire 
ballot of Committee D-1.? Test, 
It was announced that the committee had completed the preparation of Speci- Rub 
fications for Southern Yellow Pine Wood to be Used in Weather Tests of Paints bein; 
; which, if approved by letter ballot of the committee, would be submitted to the Test: 
Society for publication as tentative through Committee E-10 on Standards subsequent : 
_ to the annual meeting. new 
meta 


1 This recommendation was submitted to letter ballot of Committee D-1 which consists of 182 members; : 
68 members returned their ballots, of whom 46 voted affirmatively and none negatively. mitte 
2 This recommendation was submitted to letter ballot of Committee D-1 which consists of 182 members; C 
68 members returned their ballots, of whom 42 voted affirmatively and none negatively. om. 
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The report of Committee D-10 on Shipping Containers was presented by the 
Assistant Secretary. The withdrawal of the Tentative Specifications for Wooden 
Boxes, Nailed and Lock-Corner Construction, for the Shipment of Canned Foods 
(D 44-20 T), for Canned Foods Boxes, Wirebound Construction (D 45-17 T), 
General Specifications for Wooden Boxes, Nailed and Lock-Corner Construction 
(D 68-22 T) and for 4-One Boxes and Similar Type Boxes (D 118-21 T) was 
approved. 

The report of Committee D-7 on Timber was presented by the chairman, Her- 
mann von Schrenk. In presenting the report Mr. von Schrenk called upon S. R. 
Church to present the report of Subcommittee VI on Timber Preservatives. The 
Tentative Specifications for Creosote (D 390-34 T) and for Creosote Coal-Tar 
Solution (D 391 — 34 T) were approved for reference to letter ballot of the Society for 
adoption as standard. The proposed revision of the Tentative Specifications for 
Timber Piles (D 25-30 T) was accepted, the specifications as revised being con- 
tinued as tentative. The proposed revision of the Standard Specifications for Struc- 
tural Wood Joist and Planks, Beams and Stringers, and Posts and Timbers (D 245 - 
33) was accepted for publication as information. 


A paper entitled “‘The Distribution and Variations of Certain Strength and 
Elastic Properties of Clear Southern Yellow Pine Wood,” by A. W. Brust and E. E. 
Berkley, was presented from manuscript by Mr. Brust. 

A paper entitled “‘ Methods of Testing Fire-Retardant Treated Wood,” by C. R. 
Brown, was presented from manuscript by the author and discussed. 

The meeting then adjourned till 2 p. m. 


SIXTH SESSION—WEDNESDAY, JUNE 26, 2 P. M. 
Rubber, Petroleum Products 
Mr. E. W. Upham in the chair. 


The report of Committee D-11 on Rubber Products was presented by the chair- 
man, H. A. Depew. The proposed Tentative Methods of Physical Testing of Rubber 
Products (General Requirements), to supersede the present Standard Methods of 
Physical Testing of Rubber Products (D 15-32), and Methods of Tension Testing 
of Vulcanized Rubber, and Test for Adhesion of Vulcanized Rubber (Friction Tests) 
were accepted for publication as tentative. The immediate adoption as standard of 
the proposed revision of the Standard Specifications for Cotton Rubber-Lined Fire 
Hose for Public and Private Fire Department Use (D 296-34) was unanimously 
approved for reference to letter ballot of the Society, this recommendation requiring 
a nine-tenths vote. 

The proposed revisions of the Tentative Specifications for Insulated Wire and 
Cable: Class AO, 30 per cent Hevea Rubber Compound (D 27 — 34 T), for Insulated 
Wire and Cable: Performance Rubber Compound (D 353 — 34 T), Specifications and 
Tests for Friction Tape for General Use for Electrical Purposes (D 69 — 34 T) and for 
Rubber Insulating Tape (D 119 - 34 T) were accepted, the specifications as revised 
being continued as tentative. The withdrawal of the Standard Methods of Physical 
Testing of Rubber Products (D 15 - 32) was approved. 

It was announced that the committee had completed the preparation of certain 
new methods including tests for aging of vulcanized rubber, adhesion of rubber to 
metal and flexing of rubber products which, if approved by letter ballot of the com- 
mittee, would be submitted to the Society for publication as tentative through 


Committee E-10 on Standards subsequent to the annual meeting. - 
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SUMMARY OF PROCEEDINGS 


The report of Committee D-2 on Petroleum Products and Lubricants was pre- 


sented by the chairman, T. A. Boyd. The editorial changes in the Standard Method 
of Test for Cloud and Pour Points (D 97 — 34) were accepted. The proposed revisions 
of the Standard Methods of Test for Distillation of Crude Petroleum (D 285 - 33), 
for Flash Point by Means of the Pensky-Martens Closed Tester (D 93 - 22) and for 
Saponification Number (D 94-28) were accepted for publication as tentative. The 
proposed revision of the Standard Method of Test for Flash Point of Volatile Flam- 
mable Liquids (Tag Closed Tester) (D 56-21) in the form of a separate Tentative 
Method of Test for Flash Point by Means of the Tag Closed Tester was accepted for 
publication as tentative. 


The proposed revision of the Standard Method of Test for Viscosity of Petroleum 


Products and Lubricants (D 88 — 33) in the form of a separate Tentative Method of 
Test for Viscosity by Means of the Saybolt Viscosimeter was accepted for publica- 
tion as tentative with the following additional modifications, presented on the floor 
at the annual meeting, subject to favorable letter ballot of Committee D-2:1 


| _ Section 2 (a).—Make the following changes in Note 1 of this section: 


Transfer and reletter Paragraph (c) as (a) and change “standard oil” to 
read “oil standard.” 

Reletter Paragraph (a) as (b) and add the following phrase: “‘subsequent to 
January 1, 1935.” 

Reletter Paragraph (b) as (c) and add the following: “‘provided the tube 
shows no evidence of damage or injury since certification.” 


In Note 2 change “standard oils” to read “oil standards.” 


{ Section 2 (0) .-—Change to read as follows by the addition of the italicized words and 


the omission of the words and figures in brackets: 


[For referee testing the bath liquid shall be water. In tests at 210 F. (98.9 C.) 
the water bath may be heated by the direct injection of steam near the bottom 
of the bath.] The bat’: temperature necessary to maintain thermal equilibrium 
(while the oil in the oil tube is well stirred by the oil-tube thermometer) shall be 
within +0.1 F. (0.06 C.) of the standard temperatures of 70 F. (21.1 C.) or 77 F. 
(25 C.) or shall not exceed 100.25, 122.35, 130.5, 141.0, 181.5 or 212.0 F. (37.9, 
50.2, 54.7, 60.6, 83.1 or 100.0 C.), respectively, for the standard temperatures 
mentioned in Section 3. [For routine testing other bath liquids may be used 
(Note).] The level of the bath liquid shall not be lower than } in. (0.5 cm.) 
above the overflow rim of the oil tube. For referee testing the bath liquid must 
be one which in the bath used will meet the preceding bath-temperature conditions 
(Note). 

Change the note following Section 2 (6) from the form as preprinted to read 
as follows: 

Note.—These temperature requirements can be met with water, aqueous 
solutions, and some baths with oil. In routine testing oil is generally used as 
the bath medium. This is allowable provided the temperature of the oil bath 
is adjusted so that the necessary condition of thermal equilibrium is maintained. 
It may be necessary to maintain the oil bath at slightly higher temperatures 
than those specified in the preceding paragraph. Temperature differentials 
between oil bath and oil tube necessary to maintain thermal equilibrium may be 
double those given above. 


4 Section 2 (d).—In the requirements for the stem of the thermometer delete in the 


third sentence the word a from the phrase “The stem shall pref- 
—- be made with an enlargement . 


proposed revision was submitted to letter ballot of Committee D-2 which consists of 87 members; 


57 ana returned their ballote, of whom 53 voted affirmatively and none negatively. 
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The oil to be tested shall be heated to not more than 3 F. (1.7 C.) above the 
temperature of test. If the test temperature is below room temperature the oil 
shall be cooled to not more than 3 F. (1.7 C.) below the temperature of test. 


to read as follows: 


If the test temperature is above that of the room, the oil shall be heated to 
not more than 3 F. (1.7 C.) above the temperature of test and if the temperature 
is below that of the room the oil shall be cooled to not more than 3 F. (1.7 C.) 
below the temperature of test. 

In the last sentence of Section 4 (d) change the phrase ‘“‘the bath tempera- 


ture” to read “‘the indicated bath temperature.” SO meal 


Section 4 (e).—Change “‘overflow cup” to read “gallery.” 
Section 5.—Change to read as follows by the addition of the italicized words and 
figures and the omission of those in brackets: 


The time in seconds as determined by the prescribed procedure, with the proper 
calibration correction, [for the delivery of 60 ml. of oil] is the Saybolt Universal 
(or Saybolt Furol) viscosity of the oil at the temperature at which the test is 
made. Results shall be reported to the nearest 0.1 sec. for viscosity values 
below [500] 200 sec. and to the nearest whole second for values [500] 200 sec. 
or above. 


Section 6.—Delete the word “duplicate” from the phrase ‘duplicate results in differ- 
ent laboratories .....” 

The tentative revisions of the Standard Methods of Test for Dilution of Crank- 
case Oils (D 322-33), for Distillation of Gasoline, Naphtha, Kerosine and Similar 
Petroleum Products (D 86 — 30), for Precipitation Number of Lubricating Oils (D 91 - 
33) and for Water and Sediment in Petroleum Products by Means of Centrifuge 
(D 96-30) were approved for reference to letter ballot of the Society for adoption 
as standard. 

The Proposed Method of Test for Oxidation Number of Lubricating Oils by the 
Sligh Method was accepted for publication as information. 

The Diesel-Fuel-Oil Classification, with revisions presented on the floor at the 
annual meeting, was accepted for publication in the report as information subject 
to favorable letter ballot of Committee D-2.1 

It was announced that the committee had completed the preparation of a pro- 
posed Tentative Method of Test for Vapor Pressure of Motor and Aviation Gasoline, 
and revisions of the Standard Method of Test for Gravity of Petroleum and Petroleum 
Products by Means of the Hydrometer (D 287 — 33) and of the Tentative Definitions 
of Terms Relating to Petroleum (D 288-31 T) which, if approved by letter ballot 
of the committee, would be presented to the Society for publication as tentative 
through Committee E-10 on Standards subsequent to the annual meeting. 

A paper entitled “The Effect of Volatility on Oil Consumption,” by L. L. Davis 
and R. D. Best, was presented by Mr. Davis and discussed. 

A paper entitled “‘The Influence of Engine Design on Oil Consumption,” by 
M. 0. Teetor, was presented by the author and discussed. 

The meeting then adjourned till 4 p. m. 


8 ‘The proposed revised classification was submitted to letter ballot of Committee D-2 which consists of 


Section 4 (d).—Change the first two sentences of this section from the form as printed, 


7 members; 56 members returned their ballots, of whom 47 voted affirmatively and none negatively. a : 
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WEDNESDAY, JUNE 26, 2 P. M. 
Round-Table Discussion on Ductility Testing of Sheet Metals _ 

A Round-Table Discussion on Ductility Testing of Sheet Metals was held under 
the auspices of the Section on Testing Thin Sheet Metals in cooperation with the 
_ Section on Bend Tests for Ductility of the A.S.T.M. Committee E-1 on Methods of 
- Testing. In opening the meeting the co-chairmen, A. L. Davis and A. B. Kinzel, 
reviewed briefly the activities of the committee, and the objects in arranging this 
round-table meeting for the purpose of furthering knowledge covering the use of bend, 
cupping or other methods of testing the ductility or drawing properties of sheet metals. 
The discussion was then opened by the presentation of papers by C. L. Eksergian, 
H. T. Morton and C. H. Davis, which were followed by general discussion and mutual 


exchange of information on the subject. 


SEVENTH SESSION—WEDNESDAY, JUNE 26, 4 P.M. 
Edgar Marburg Lecture 


President Hermann von Schrenk in th~ chair. 


President von Schrenk in opening the session devoted to the Edgar Marburg 
Lecture briefly explained that this annual memorial Lecture was established ten 
years ago as a means of honoring and perpetuating the memory of the first Secretary- 
Treasurer of the Society, Edgar Marburg. In addition to thus commemorating one 
who contributed so much to the Society during the years of its early development it 
brings to the membership valuable expositions on outstanding developments in the 
materials engineering field by authorities in the sciences and engineering. 

The President then introduced the tenth Edgar Marburg Lecturer, Dr. L.- B. 
Tuckerman, Principal Scientist, and Assistant Chief, Division of Mechanics and 
Sound, National Bureau of Standards, who presented a very interesting lecture on 
“Aircraft: Materials and Testing.”” Doctor Tuckerman pointed out that all fields 
of science and technology have contributed to the development of the modern air- 
plane. The lecturer showed that the major structural problem in aircraft is light- 
weight construction of an entirely different order of lightness than had been necessary 
previously. Success in meeting this demand has come from a combination of empirical 
design with theoretical investigations and materials and structural tests of a volume 
unprecedented in the history of any comparable structural field. 

Theoretical and experimental investigations all show that the securing of light- 
weight construction depends upon spreading the material as far as possible out from 
the axis of the structure or its structural elements. Typical light-weight construction 
is therefore secured by thin-walled construction. The limit of the spreading is set by 
local instabilities: wrinkling, twisting, crumpling or other types of collapse, of the 
thin material. The problem is to secure the best possible balance between plastic 
yielding depending upon the strength-density ratio of the material, and major or local 
instabilities dependent upon its modulus density ratio and finally the transitions 
between them dependent upon an accurate knowledge of its stress-strain curve. These 
conclusions were illustrated by examples of simple structural members used in aircraft. 

Comparison made of the significant properties, density, strength-density ratio, 
and modulus-density ratio of selected materials show that from these purely structural 
considerations, with the materials now available, there is little choice between the 
three types of construction now in use, wood, light aluminum alloys, and high-strength 
alloy steels. 
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The choice between them must be based on other considerations, ease of fabrica- 
tion, resistance to deterioration by weathering, etc., and finally upon knowledge of 
the designs which will utilize best the possibilities of the material. 

With the best designs so far produced it is possible to make full use of the strength 
of materials already available only in relatively small parts of the structure. The 
modulus-density ratio is still the limiting property of the material and this ratio is 
practically unaltered by any treatment which can be given a material. Consequently 
no‘ radical improvement in light-weight construction is at present to be expected 
from still further increasing the strength of the materials. 

The lecturer stated that there is much room for improvement in the knowledge 
of designing to utilize more fully the strength of materials now available. Systematic 
series of tests on typical structural elements, covering ranges of materials, over-all 
dimensions, wall thickness and types of loading, sufficiently wide to determine all 
the types of instability and plastic yielding likely to occur in practical designs, to 
determine the limiting conditions of each type and their relations to the stress-strain 
properties of the material as determined by parallel coupon tests. Systematic tests 
such as these offer promise of materially improved light-weight construction. 

He also pointed out that the principles, materials, and technique of light-weight 
construction developed chiefly in connection with aircraft are being increasingly 
used in other fields of construction, notably in light-weight railroad trains. 

President von Schrenk in expressing appreciation to Doctor Tuckerman for his 
fine exposition on the science of aircraft construction, a subject of particular interest 
to the A.S.T.M., presented to him on behalf of the Society the Edgar Marburg Lecture 
Certificate. 


The meeting then adjourned till 7 p. m. leptllll 


> 


WEDNESDAY, JUNE 26, 7 P. M. 


Annual Meeting Dinner 


Chairman, President von Schrenk. © 
Toastmaster, Mr. C. F. Kettering. | 


President von Schrenk introduced J. R. Freeman, Jr., chairman of the Committee 
on Award of the Charles B. Dudley Medal, who presented as the recipients of the 
1935 Award of the Dudley Medal, Messrs. C. A. Hogentogler and E. A. Willis for a 
paper under their joint authorship entitled ‘‘Subgrade Soil Testing Methods,” 
presented at the 1934 annual meeting of the Society. Mr. Freeman explained that 
the Medal is awarded annually by the Society to the author or authors of a technical 
paper considered of outstanding merit and an original contribution on research in 
engineering materials. He stated that the committee recognized that the paper 
presented by Messrs. Hogentogler and Willis represented an unusually careful study 
of broad scope of certain fundamental properties of soils and eminently merits the 
recognition conveyed by the Dudley Medal Award. 

On behalf of and as the representative of the Society, President von Schrenk 
then made the Ninth Award of the Charles B. Dudley Medal to Messrs. Hogentogler 
and Willis. 

In accepting the Medal on behalf of Mr. Willis and himself, Mr. Hogentogler 
stated that they greatly appreciated with sincere gratitude the recognition accorded 
by the Award of the Dudley Medal, and in accepting the Medal with due appreciation 
of the honor which accompanies it they wished to acknowledge the fact that the work 
which merited the award was made possible only because of the cooperation of their 
assistants, their colleagues and their superiors. He stated that the tradition of 
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worthy and painstaking research accomplished by the Department of Agriculture 
formed both an incentive and a substantial background for their studies of soil testing. 

President von Schrenk then presented the Toastmaster, C. F. Kettering. 

The Toastmaster introduced G. R. Thompson, Budget Director of Michigan, who 
was the official representative of Governor Fitzgerald. On behalf of His Excellency, 
Governor Fitzgerald, Mr. Thompson conveyed to the Society a most cordial welcome 
to Michigan and said that the Governor regretted exceedingly his inability to be 


- present. The Governor sent his heartiest wishes for a most successful meeting. 


Extensively abstracted in A.S.T.M. Bulletin, October, 1935. 
2 Available as a separate publication, October, 1935. 


The Toastmaster stated that the remainder of the program which was devoted 
to a consideration of ‘‘The Relationship of Materials to the House of Today and 
Tomorrow,” was arranged for the purpose of giving a general picture of problems 
and progress, particularly from the materials viewpoint, in the important field of 
housing. This was a particularly timely subject in view of the current interest being 
shown both in this country and abroad. He pointed out that the quest today is 
for a house that is better and that costs less to build. In the effort to reach this 
difficult objective, there is much careful scrutiny of the design of houses, of the mate- 
rials available of which to construct them, and of the various possible methods of 
constructing them in the factory and on location. 


The Toastmaster then introduced M. L. Colean, Director, Low-Cost Housing 
and Technical Divisions, Federal Housing Administration, who presented a paper on 
“The Federal Housing Problem.’ Mr. Colean discussed the policy of the Federal 
Housing Administration with respect to the house itself, rather than the financial 
aspects of the mortgage problem. He said that the endeavor to produce an adequate 
supply of dwellings should have a three-fold purpose: namely, to build better houses, 
to build more houses, and to provide the means for removing and replacing houses 
that have outlasted a reasonable usefulness. He indicated that better housing will 
come from several sources—a more rational and economical use of land, a more 
scientific planning, and more efficient use of better materials. He stated that the 
Federal Housing Administration is trying to cooperate with this movement to attain 
new and better materials and new methods of construction and is ready to accept the 
evidence of adequate tests. Industry, the technical professions and the Government 
are now alert to the necessities and opportunities inherent in the housing problem and 
these three elements should cooperate in a mutual endeavor to achieve a speedy and 
thorough solution of the problems. By maintaining such a cooperative effort we 
should soon be able to foresee a period in which home building will take its proper 
place among the major industries and the possibility of adequate housing be within 
the reach of the great majority of the American people. 

The Toastmaster then introduced J. E. Burchard, Vice-President, Bemis Indus- 
tries, Inc., who presented a paper on ‘‘The Role of Materials in Modern Housing.” 
Mr. Burchard called attention to the fact that there are two counter forces at work in 
the field of housing today. The one, that of the social reformer, recognizes many valid 
objections to the thesis of the single-family detached house as the ideal for all Ameri- 
cans, objections both economic and social. The other, the school of the prefabricator, 
accepts the ideal of the owned house but admits that houses must be much cheaper. 
Both strive to avoid the consequences, physiological and criminal, of the slum. 

He indicated that prefabrication in itself will not alone, even if successful, take 
us out of the depression. He stated that ideal materials for prefabrication should 
be characterized by lightness, adequate structural strength, relative permanency of 
dimension, durability, reasonable resistance to shock, good resistance to heat trans- 
mission, good resistance to sound transfer, fire resistance, low cost, and beauty. 
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He finds in the new plywoods the rehabilitation of wood as probably the most 
promising material for the prefabricating industry. He is not enthusiastic as to the 
use of precast and poured-in-place concrete but finds in the mosaic concrete of Earley 
and in asbestos-cement sheets as used by McLaughlin’s American Houses the probable 
use of concrete in future for housing (other than foundations) as prefabricated, 
relatively thin, large sheets of considerable beauty for sheathing and finishing purposes. 
Mr. Burchard proclaimed the increasing development and use of other metals, notably 
aluminum and copper, relative to steel; he is not impressed by the employment of 
metal in frame or panel structure and suggested that the role of metals will be vastly 
increased as interior or exterior finish elements, but not as structure for the house. 

He also predicted the virtual demise of brick and stone except in the homes 
of the wealthy and finds in glass the most romantic and fruitful of materials for the 
future. He stated, too, that fireproofness is desirable but not an essential quality. 
These statements by Mr. Burchard were made in connection with detached modern 
housing, whether prefabricated or not, as he expressly limited his talk by pointing out 
that community housing in any form becomes a large building operation. 


The meeting then adjourned till the following morning. 


_ Ercuta JUNE 27, 9.30 A. M. 
Corrosion 
OS (Held Simultaneously with Ninth Session) 
Mr. A. E. White in the chair. 


The report of Committee A-10 on Iron-Chromium, Iron-Chromium-Nickel and 
Related Alloys was presented by the chairman, Jerome Strauss. The proposed 
Tentative Specifications for Corrosion-Resisting Chromium-Nickel Steels (Sheet, 
Strip and Plate), for 12 per cent Chromium Steel Castings, for 19 per cent Chromium 
Steel Castings, and for 28 per cent Chromium Steel Castings were accepted for pub- 
lication as tentative with certain editorial changes presented on the floor at the annual 
meeting. 

It was announced that the committee had completed the preparation of specifi- 
cations for chromium steel in sheet, plate and strip form, specifications for chro- 
mium-nickel steel in sheet and strip form, and six specifications for different types 
of chromium-nickel steel castings which, if approved by letter ballot of the committee, 
would be submitted to the Society for publication as tentative through Committee 
E-10 on Standards subsequent to the annual meeting. ; 


The report of Committee A-5 on Corrosion of Iron and Steel was presented by 
the vice-chairman, F. N. Speller. The proposed Tentative Specifications for Electro- 
deposited Coatings of Zinc on Steel, for Electrodeposited Coatings of Cadmium on 
Steel, and for Electrodeposited Coatings of Nickel and Chromium on Steel were 
accepted for publication as tentative. The editorial changes in the Standard Specifi- 
cations for Zinc-Coated (Galvanized) Iron or Steel Farm-Field and Railroad Right- 
of-Way Wire Fencing (A 116-30) and for Zinc-Coated (Galvanized) Iron or Steel 
Barbed Wire (A 121-30) were accepted. The Tentative Recommended Practice 
for Safeguarding Against Embrittlement of Hot-Galvanized Structural Steel Products 
and Procedure for Detecting Embrittlement (A 143 - 32 T) was approved for reference 
to letter ballot of the Society for adoption. The withdrawal of the Standard Methods 
of Testing Zinc-Coated (Galvanized) Iron and Steel Wire and Wire Products (A 119 - 
30) and of the Tentative Specifications for Zinc-Coated (Galvanized) Iron or Steel 
Farm-Field and Railroad Right-of-Way Wire Fencing (A 116-32 T) and for Zinc- 
Coated (Galvanized) Iron or Steel Barbed Wire (A 121-32 T) was approved. 
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A progress report of the Sectional Committee on Specifications for Zinc Coating 
of Iron and Steel was presented by the chairman, J. A. Capp, announcing the approval } mar 


. of certain standards for submission to the American Standards Association and dis- § of ¢ 
. cussing the possible reorganization of the committee. Ray 
A paper entitled ‘“‘Continuous-Flow Corrosion Tests of Steel Pipe,” by H. S. § were 
Rawdon and L. J. Waldron, was presented by Mr. Rawdon and discussed. Met 
The report of Committee B-3 on Corrosion of Non-Ferrous Metals and Alloys the 
was presented by the chairman, T. S. Fuller, who called attention to several important (D: 
changes in the report as preprinted. In presenting the report Mr. Fuller called upon and 
W. H. Finkeldey to describe the work of Subcommittee VI on Atmospheric Corrosion Tub 
of Non-Ferrous Metals and Alloys, on A. J. Phillips to present the report of Sub- for ' 
committee VII on Corrosion in Liquids, and on C. L. Hippensteel to describe the bein 
work of Subcommittee VIII on Galvanic and Electrolytic Corrosion. 
Text 
Mr. C. L. Hippensteel then assumed the chair. eer 


The report of Committee D-14 on Screen Wire Cloth was presented by the § Cott 
secretary pro lem, J. R. Freeman, Jr., and was accepted for publication subject to § (p 7 
approval by letter ballot of Committee D-14.! In presenting the report, Mr. Freeman § for p 
called upon H. S. Rawdon to present a paper appended to the report entitled “Atmos- § 34 7 
pheric Exposure Tests on Non-Ferrous Screen Wire Cloth,” by G. W. Quick. stan: 

A paper entitled ‘‘Corrosion Testing Methods,” by H. E. Searle and F. L. LaQue, 
was presented by Mr. LaQue. 

A paper entitled “‘The Control of Corrosion in Air-Conditioning Equipment by 
Chemical Methods,” by C. M. Sterne, was presented by the author and discussed. 

The report of Committee D-19 on Water for Industrial Uses was presented by 
the vice-chairman, F. N. Speller. 


The meeting then adjourned till 8 p. m. 
NintH SESSION—THURSDAY, JUNE 27, 9.30 A. 


Coal, Textile Materials, Electrical Insulating Materials 
(Held Simultaneously with Eighth Session) 


Vice-President A. C. Fieldner in the chair. 
Mr. Fieldner called on Vice-President H. S. Vassar to take the chair during the § 
presentation of the reports of the two committees of which he is chairman. 
The report of the Sectional Committee on Classification of Coals was presented 
by the chairman, A. C. Fieldner. The proposed revision of the Tentative Specifica- 
tions for Classification of Coals by Rank (D 388-34 T) was accepted, the speci- 
fications as revised being continued as tentative. 


The report of Committee D-5 on Coal and Coke was presented by the chairman, 
A. C. Fieldner. The proposed Tentative Definitions of the Terms Gross Calorific J 
Value and Net Calorific Value of Fuels, and the Methods of Test for Grindability of 
Coal by Ball-Mill Method, for Grindability of Coal by Hardgrove-Machine Method, 
and for Screen Analysis of Coal were accepted for publication as tentative. The 
Tentative Method of Sampling Coke for Analysis (D 346-33 T), as revised, was 
approved for reference to letter ballot of the Society for adoption as standard. 


A paper entitled “A Furnace for the Measurement of Coal-Ash Softening Tem- 
perature,” by Elliott P. Barrett, was presented by the author and discussed. 


1 The report was submitted to letter ballot of Committee D-14 which consists of 14 members; 10 members 


returned their ballots, of whom 9 voted affirmatively and none negatively. 
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Ling The report of Committee D-13 on Textile Materials was presented by the chair- 
val § man, H. J. Ball. The proposed Tentative General Methods of Test for Properties 
dis- § of Cotton Fibers, and Methods of Test for Shrinkage in Laundering of Silk and 
Rayon Woven Broad Goods, and for Strength of Rayon Woven Fabric when Wet 
" S 9 were accepted for publication as tentative. The proposed revisions of the Tentative 
Methods of Estimating Hard Scoured Wool in Wool in the Grease (D 232 — 34 T), for 
| the Identification of Fibers in Textiles and for the Quantitative Analysis of Textiles 
anil (D 276-33 T), Definitions and Terms Relating to Textile Materials (D 123 — 34 T), 
and Specifications for Tolerances and Test Methods for Rayon (D 258-32 T), for 
Tubular Sleeving and Braids (D 354-32 T), for Woolen Yarns (D 403 - 34 T) and 


Say for Worsted Yarns (D 404-34 T) were accepted, the tentative standards as revised 
the | being continued as tentative. 


The proposed revisions of the Standard General Methods of Testing Woven 
Textile Fabrics (D 39 — 34), for Tolerances and Test Methods for Tire Cord, Woven 
and on Cones (D 179-33), for Hose Ducks and Belt Ducks (D 181-34) and for 
Cotton Sewing Threads (D 204-33) and Specifications for Textile Testing Machines 
(D 76 — 33), the latter in the form of separate tentative specifications, were accepted 
for publication as tentative. The Tentative Specifications for Holland Cloth (D 376 - 
34 T) were approved for reference to letter ballot of the Society for adoption as 
standard. 

It was announced that the committee had completed the preparation of Methods 
of Test for Fastness of Dyed or Printed Cotton to Laundering or Domestic Washing, 


nt by for Slippage in Silk and Rayon Woven Broad Goods, for Fineness of Wool and for 
ed. Testing Pile Floor Covering; also revisions in the existing Tentative Specifications for 
od by Tolerances and Test Methods for Woolen Yarns (D 403-34 T) and for Worsted 
Yarns (D 404 - 34 T) which, if approved by letter ballot of the committee, would be 
submitted to the Society for publication as tentative through Committee E-10 on 
Standards subsequent to the annual meeting. 
A paper entitled ‘‘Testing of the Physical and Chemical Properties of Wool by 
Means of the Microscope,” by Werner von Bergen, was presented from manuscript 
by the author. 
The report of Committee D-9 on Electrical Insulating Materials was presented 
ial by the chairman, T. S. Taylor. The proposed Tentative Methods of Testing Shellac 
Used for Electrical Insulation were accepted for publication as tentative. The 
ng the § editorial changes in the Standard Methods of Testing Electrical Porcelain (D 116 — 34) 
were accepted. The proposed revision of the Standard Methods of Testing Electrical 
sented @ Insulating Oils (D 117 — 33) was accepted for publication as tentative. 
scifica- The editorial changes in the Tentative Methods of Testing Electrical Insulating 
speci- Materials for Resistance to Impact (D 256-34 T), Pasted Mica Used in Electrical 
Insulation (D 352-32 T) and Specifications for Black Bias-Cut Varnished Cloth 
— Tape Used for Electrical Insulation (D 373 - 34 T) were accepted. 
alorifie The proposed revisions of the Tentative Methods of Testing Varnishes Used for 
ility of Electrical Insulation (D 115 — 34 T), Electrical Insulating Materials for Power Factor 
fethod, and Dielectric Constant (D 150-34 T), Solid Filling and Treating Compounds Used 
. Th for Electrical Insulation (D 176 -— 34 T), Sheet and Plate Materials Used in Electrical 
; 4 ae Insulation (D 229-34 T), Laminated Tubes Used in Electrical Insulation (D 348 - 
nae 34 T), Laminated Round Rods Used in Electrical Insulation (D 349 - 34 T), Flexible 
Varnished Tubing Used for Electrical Insulation (D 350-32 T), Test for Grading 
g Tem § Natural Mica (D 351 — 33 T), for Molding Powders Used in Manufacturing Molded 
Electrical Insulators (D 392 - 34 T), and Specifications for Flexible Varnished Tubing 
) members Used in Electrical Insulation (D 372-33 T) were accepted, the methods and speci- . 


fications, as revised, being continued as tentative. 
P I-3 
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The following two papers describing apparatus for determining the character- 
istics of insulating materials were presented by Mr. Dike and discussed: 
“A Modified Schering Bridge,” by W. B. Kouwenhoven, P. H. Dike and J. B. 
McCurley. 
“The Transformer Bridge,” by J. B. McCurley, W. B. Kouwenhoven and 


The meeting then adjourned till 8 p. m. 


TENTH SESSION—THURSDAY, JUNE 27, 8 P.M. 


_ Effect of Temperature on Metals, Fatigue of Metals 
(Held Simultaneously with Eleventh Session) 


Mr. L. B. Tuckerman in the chair. 


‘The report of the Joint Research Committee of A.S.M.E. and A.S.T.M. on 
Effect of Temperature on the Properties of Metals was presented by A. E. White. 
The proposed revision of the Tentative Method of Test for Long-Time (Creep) High- 
Temperature Tension Tests of Metallic Materials (E 22-34 T) was accepted, the 
methods as revised being continued as tentative. In presenting the report, Mr. 
White called upon Mr. Dahle to present the ‘Report on Effect of Long-Time Heating 
With and Without Stress on Impact Resistance of 18 per cent Chromium, 8 per cent 
Nickel Steel (K9 and K19 Steel),” by H. C. Cross and F. B. Dahle. 

A paper entitled ‘‘Some Tests on Tin Bronzes at Elevated Temperatures,” by 
J. W. Bolton, was presented by the author and discussed. 

A paper entitled “‘Influence of Time on Creep of Steels,” by A. E. White, C. L. 
Clark and R. L. Wilson was presented by Mr. Clark and discussed. 

A paper entitled ‘“‘Creep Characteristics of Aluminum Alloys,” by R. R. Kennedy, 
was presented by the author and discussed. 

The report of the Research Committee on Fatigue of Metals was presented by 
the chairman, H. F. Moore. The Notes on Fatigue Tests on Rotating-Beam Testing 
Machines were accepted for publication as information. 

A paper entitled ‘The Rotating-Wire Arc Fatigue Machine for Testing Small- 
Diameter Wire,” by J. N. Kenyon, was presented by the author and discussed. 

A paper entitled ‘‘ High-Speed Fatigue Tests of Several Ferrous and Non-Ferrous 
Metals at Low Temperatures,” by H. D. Boone and H. B. Wishart, was presented by 
Mr. Wishart and discussed. 


The meeting then adjourned till the following morning. 


ELEVENTH SESSION—THURSDAY, JUNE 27, 8 P.M. 
Waterproofing, Road Materials, Soils 
(Held Simultaneously with Tenth Session) 

Mr. C. N. Forrest in the chair. 

The report of Committee D-8 on Bituminous Waterproofing and Roofing Mate- 
rials was presented by the chairman, J. M. Weiss. The recommendation presented 
oy Committee D-8, in which Committee D-4 on Road and Paving Materials joined, 
that Group 0 and Group 1 in the Standard Abridged Volume Correction Table for 


Petroleum Oils (D 206-34) be tentatively approved as a Volume Correction Table 
for Asphaltic Products was accepted. The editorial changes in the Standard Specifi 
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cations for Woven Cotton Fabrics Saturated with Bituminous Substances for Use in 


ANNUAL MEETING 


Waterproofing (D 173 — 27) were accepted. 

The proposed revisions of the Tentative Specifications for Asphalt Roofing 
Surfaced with Powdered Talc or Mica (D 224-34 T), for Asphalt Shingles Surfaced 
with Coarse Mineral Granules (D 225-34 T), for Asphalt Roofing Surfaced with 
Fine Mineral Granules (D 248-34 T), for Asphalt Roofing Surfaced with Coarse 
Mineral Granules (D 249 —- 34 T) and for Asphalt for Use in Constructing Built-Up 
Roof Coverings (D 312-29 T) with certain editorial changes presented on the floor 
at the annual meeting were accepted, the specifications, as revised, being continued 
as tentative. The proposed revision of the Tentative Method of Test for Coarse 
Particles in Bituminous Materials by Means of Elutriation (D 313-29 T) in the 


form of a Tentative Method of Test for Coarse Particles in Mixtures of Asphalt and 
Mineral Matter was accepted. 


A paper entitled “A Study Concerning a Modification of the Present Miscibility 
Test and Its Relationship with Probable Settlement Results,” by C. A. Downing, was 
presented by the author and discussed. 


A paper entitled ‘‘ Investigations of the Physical Properties of Asphaltic Mixtures 
at Low Temperatures,” by L. F. Rader, was presented by the author and discussed. 
Mr. J. M. Weiss then assumed the chair. 


The report of Committee D-4 on Road and Paving Materials was presented by 
the vice-chairman, R. L. Morrison. The recommendation presented jointly by 
Committee D-4 and Committee D-8 on Bituminous Waterproofing and Roofing 
Materials that Group 0 and Group 1 in the Standard Abridged Volume Correction 
Table for Petroleum Oils (D 206 — 34) be tentatively approved as a Volume Correction 
Table for Asphaltic Products was accepted as referred to above. 

The proposed Tentative Method of Test for Determination of Amount of Material 
Finer than No. 200 Sieve in Aggregates, recommended jointly by Committee D-4 
and Committee C-9 on Concrete and Concrete Aggregates, was accepted for publica- 


tion as tentative with the following modifications presented on the floor at the 
annual meeting: 


Section 1—Insert as a note to this section the explanatory statement appearing in 
the preprinted report of Committee D-4. 


Section 4.—Change the first sentence in Paragraph (c) of this section from the form 
as preprinted, namely, 


The agitation shall be sufficiently vigorous to result in the decantation of 
all particles finer than the No. 200 (74-micron) A.S.T.M. sieve. __ 


to read as follows: 
The agitation should be sufficiently vigorous to result in the complete sepa- 
ration from the coarse particles of all particles finer than the No. 200 (74-micron) 
A.S.T.M. sieve and bring the fine material into suspension in order that it will 

be removed by decantation of the wash water. 


Change the last sentence of Paragraph (d) to read as follows by the addition 
of the italicized words and figures: 


The washed aggregate shall be dried to constant weight at a temperature not 
exceeding 110 C. (230 F.) and weighed to the nearest 0.02 per cent. 
Section 6.—Change this section from the form as preprinted, namely, 


6. When check determinations are desired, the wash water shall be omnes ; 
to a the residue weighed and the percentage calculated from the — 


formula: 
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to read as follows: 
6. When check determinations are desired, the wash water shall be either 
evaporated to dryness or filtered through tared filter paper which shall sub- { 
a sequently be dried, the residue weighed and the percentage calculated from the § 
following formula: \ 
The proposed editorial change in the Standard Method of Test for Distillation ¢ 
of Bituminous Materials Suitable for Road Treatment (D 20-30) was accepted. i 


The proposed revision of the Tentative Methods of Test for Residue of Specified v 

Penetration (D 243-32 T) and of Testing Emulsified Asphalts (D 244-34 T) were te 

accepted, the methods as revised being continued as tentative. ir 

The Tentative Method of Test for Ductility of Bituminous Materials (D 113 - a 

32 T) was approved for reference to letter ballot of the Society for adoption as standard al 

with the following changes presented on the floor at the annual meeting: tk 

Section 2.—Delete the proposed revision in this section which appeared in the report as 

preprinted. to 
Add the following as a footnote in connection with Section 2 and Fig. 1: 

The over-all dimension of 11.9 cm. + 0.1 cm. in Fig. 1 shall be waived de 

me 


until January 1, 1939, provided the actual dimension is between 11.2 and 11.9 
cm. This exception is allowed in order to avoid working a hardship upon 
apparatus manufacturers. 
The Proposed Method of Test for Abrasion of Coarse Aggregate, presented on the 
floor at the annual meeting, was accepted for publication in the report as information. 
It was announced that the committee had completed the preparation of eight 
proposed methods of test for sampling, analyzing and testing soils which, if approved 
by letter ballot of the committee, would be submitted to the Society for publication 
as tentative through Committee E-10 on Standards subsequent to the annual meeting. 
The following two papers on the subject of soil testing were then presented by 
their authors and discussed: 
“Stability of Granular Mixtures,” by D. S. Berry. 
“A Penetration Method of Measuring Soil Resistance,” by W. S. Housel. 
A paper entitled “The Los Angeles Abrasion Machine for Determining the 
Quality of Coarse Aggregate,”’ by D. O. Woolf and D. G. Runner, was presented by 
Mr. Woolf and discussed. 
_ The meeting then adjourned till the following morning. 


_ TWELFTH SESSION—FRIDAY, JUNE 28, 9.30 A. mM. | 
Spectrographic Analysis 
(Held Simultaneously with Thirteenth Session) 


_ President Hermann von Schrenk in the chair. 

The report of Committee E-2 on Spectrographic Analysis was presented by the 
chairman, H. V. Churchill. It was announced that the committee had completed 
the preparation of Methods of Test for Quantitative Spectrochemical Analysis of 
High-Grade Pig Lead for Copper, Bismuth, Silver and Nickel, for Quantitative 
Spectrochemical Analysis of Zine Alloy Die Castings for Minor Constituents and 
Impurities, and for Quantitative Spectrochemical Analysis of Zinc for Lead, Iron and 
Cadmium which, if approved by letter ballot of the committee, would be submitted 
to the Society through Committee E-10 on Standards for publication as tentative 


subsequent to the annual meeting. 


cit 
i 7 | 4 
| 
| 
g 
— 
f 
| lay 
(| the 
in the 
Mr. 
| ag R 
appen 
Subeo 
of Nat 
A 
Dale] 
| 


— = 


Mr. H. V. Churchill then assumed the chair. 


Mr. Churchill in introducing the Symposium on Spectrographic Analysis stated 
that the program had been arranged under the auspices of Committee E-2 on Spectro- 
graphic Analysis, with two principal objects in view: first, to give those who are 
working in this field definite information as to the methods used by those who are 
depending upon spectrographic analysis for the control of quality in a variety of 
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: industries; and second, to indicate to those not actually engaged in spectrographic 

d work, but interested in the possibility of securing more rapid and reliable methods of 

e testing, the fact that numerous laboratories have found in the spectrograph an 
invaluable tool that will shorten the time required for analyses and give more complete 

m and definite information as to the composition of materials than can be obtained in 

d any other way. It was hoped, as a result of the information made available through 
the symposium, to create a wider interest and confidence in spectrographic methods 

rt as a reliable means for inspecting various materials to determine their conformity 
to standard specifications. 

The symposium, which comprised the following papers ¢ 2scribing methods and 
ed details of procedure which have been found applicable to the analysis of various 
9 metals, both ferrous and non-ferrous, was then presented from manuscript: 

i — Analysis of Steel Samples,” by W. R. Brode, presented by the 
author. 

“The Use of the Spectrograph in the Platinum Industry,” by H. E. Stauss, 
she presented by the author. 

-. “Quantitative Spectrographic Analysis of Magnesium Alloys for Manganese and 
ght Silicon,” by J. S. Owens and T. M. Hess, presented by Mr. Owens. 

ved “The Spectrographic Determination of Impurities in Commercial Cadmium,” by 
son Frances W. Lamb, presented by the author. 

ng. “The Purification of Graphite Electrodes for Spectrochemical Analysis,” by 
by G. W. Standen and L. Kovach, Jr., presented by M. L. Fuller. 

“Quantitative Analysis of Non-Ferrous Alloys by Spectroscopic Methods,” by _ 

R. A. Wolfe, presented by the author. 

Following their presentation the papers were discussed. 
he The meeting then adjourned till 2 p. m. 


THIRTEENTH SESSION—FrRipAY, JUNE 28, 9.30 A. M. 
Ceramics, Refractories, Masonry Materials 
(Held Simultaneously with Twelfth Session) oo 
Past-President T. R. Lawson in the chair. oe a 
The report of Committee C-3 on Brick was presented by J. W. McBurney. The 
proposed revisions of the Standard Specifications for Building Brick (Made from 
Clay or Shale) (C 62-30) in the form of separate tentative specifications, and of 
the Standard Methods of Testing Brick (Compression, Flexure, Absorption) (C 67 — 31) 
in the form of separate tentative methods, were accepted for publication as tentative. 


Mr. McBurney also presented his paper entitled ‘The Relation of Freezing and Thaw- 
ing Resistance to Physical Properties of Clay and Shale Building Brick,” which was 


y the 
yleted 


sis of 


nee” appended to the report, and then called upon Mr. Parsons to present the report of 
er" Subcommittee XI on Weathering and Porosity and a paper entitled ‘‘Comparison 
aor of Natural Weathering with Laboratory Tests of Clay Brick,” by D. E. Parsons. 


A paper entitled “‘ Pre-Stressed Ceramic Members,” by F. O. Anderegg and C. L. 


Dalzell, was presented from manuscript by Mr. Anderegg and discussed. 


tative 
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A paper entitled ‘Tests of Mortars for Reinforced Brick Masonry,” by M. O. 
Withey and K. F. Wendt, was presented by Mr. Withey and discussed. 


The report of Committee C-10 on Hollow Masonry Building Units was presented 
_ by the chairman, D. E. Parsons. The proposed revisions of the Tentative Speci- 
fications for Structural Clay Floor Tile (C 57-34 T), for Structural Clay Non- 
Load-Bearing Tile (C 56 - 34 T), for Structural Clay Load-Bearing Wall Tile (C 34 - 
34 T) and Methods of Sampling and Testing Structural Clay Tile (C 112 - 34 T) were 
accepted, the specifications and methods as revised being continued as tentative. 
It was announced that the committee had prepared additional revisions of each of 
these four tentative standards which, if approved by letter ballot of the committee, 
would be submitted to the Society through Committee E-10 on Standards subsequent 

- to the annual meeting. 


A paper entitled “‘A Wear Test for Flooring Materials,” by J. R. Shank, was 
presented by the author and discussed. 


A paper entitled “‘A Test Procedure for Plastic Caulking Materials,” by D. W. 
Kessler, was presented by the author and discussed. 


The report of Committee C-4 on Clay Pipe was presented by the chairman, G. T. 
Hammond. The Tentative Specifications for Clay Sewer Pipe (C 13-33 T), as 
revised, were approved for reference to letter ballot of the Society for adoption as 
standard, with the following additional changes presented on the floor at the annual 
meeting to correct typographical errors appearing in the existing specifications: 


Table II.—In the third column showing the inside diameter at } in. above base of 
socket, change the dimension for the 18-in. size pipe from ‘‘22} in.” to read 
‘223 in.”; and for the 21-in. size change ‘253 in.” to read “‘25j in.” 

The proposed revision of the Standard Definitions of Terms Relating to Sewer 


Pipe (C 8 - 24), in the form of separate tentative definitions, was accepted for publi- 
cation as tentative. 
The report of Committee C-8 on Refractories was presented by the secretary, 
C. E. Bales. The proposed Tentative Definitions of Terms Relating to Refractories 
were accepted for publication as tentative. The definition of “Super Duty Fire-Clay 
Brick,”’ was accepted for publication as a tentative revision of the Standard Definitions 
for Clay Refractories (C 27-28). The Tentative Definitions of Terms Relating to 
Refractories (C 71-34 T) and Method of Chemical Analysis of Magnesite Refrac- 
tories (C 18-34 T), to be incorporated in the existing standards on these subjects, 
were approved for reference to letter ballot of the Society for adoption as standard. 
The tentative revisions of the Standard Method of Test for Softening Point of Fire- 
Clay Brick (C 24 - 33) and Definitions for Clay Refractories (C 27 - 28) were approved 
for reference to letter ballot of the Society for adoption as standard. 
The meeting then adjourned till 2 p. m. outd 
ulate 


FouRTEENTH SESSION—FRIDAY, JUNE 28, 2 P. M. 


Non-Ferrous Metals, Metallography 
Mr. H. A. Anderson in the chair. 


The report of Committee B-1 on Copper Wire was presented by the chairman, 
J. A. Capp. The proposed revisions of the Standard Specifications for Bare, Con- 
centric-Lay Copper Cable: Hard, Medium-Hard or Soft (B 8-27) and for Bronze 
Trolley Wire (B 9 — 32), in the form of separate tentative specifications, were accepted Socie! 
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for publication as tentative. The proposed revision of the Standard Specifications 
for Copper Trolley Wire (B 47-32) was also accepted for publication as tentative. 


The report of Committee B-4 on Electrical-Heating, Electrical-Resistance and 
Electric-Furnace Alloys was presented by the chairman, Dean Harvey. The proposed 
revision of the Tentative Method of Test for Linear Expansion of Metals (B 95 — 34 T) 
was accepted, the method as revised being continued as tentative. 


The report of Committee B-5 on Copper and Copper Alloys, Cast and Wrought, 
was presented by W. B. Price. The proposed Tentative Specifications for Copper- 
Silicon Alloy Wire for General Purposes and for Wrought Phosphor-Bronze Bearings 
and Expansion Plates for Bridges and Structures were accepted for publication as 
tentative. The proposed Tentative Specifications for Wrought Silicon-Bronze Bear- 
ings and Expansion Plates for Bridges and Structures, which appeared in the report 
as preprinted, were discussed and, on motion, were referred back to Committee B-5 
for further consideration. 

It was announced that the committee had completed the preparation of new 
Specifications for Hard-Drawn Copper Alloy Wires (for Electrical Distribution and 
Transmission Line Purposes) and had prepared a revision of the new Tentative 
Specifications for Copper Silicon Alloy Wire for General Purposes which, if approved 
by letter ballot of the committee, would be submitted to the Society for publication 
as tentative through Committee E-10 on Standards subsequent to the annual meeting. 


A paper entitled “A Survey of Testing in the Precious Alloy Field, with Some 
Notes on the Testing Requirements for Duplex Alloys,” by Thomas A. Wright, was 
presented by the author and discussed. 


The report of Committee E-4 on Metallography was presented by the chairman, 
C. H. Davis. The proposed revision of the Standard Methods of Metallographic 
Testing of Iron and Steel (E 3-24) and of Metallographic Testing of Non-Ferrous 
Metals and Alloys (E 5-27), in the form of a Tentative Recommended Practice for 
Metallographic Testing of Ferrous and Non-Ferrous Metals, was accepted for publi- 
cation as tentative. 


The report of Committee B-6 on Die-Cast Metals and Alloys was presented by 
the chairman, J. R. Townsend. The proposed Tentative Specifications for Lead and 
Tin-Base Alloy Die Castings were accepted for publication as tentative. In pre- 
senting the report Mr. Townsend called attention to the work of Subcommittee I on 
Aluminum Base Die-Casting Alloys and stated that the report prepared by J. J. 
Bowman entitled “An Investigation of Aluminum Die-Casting Alloys IVa and Va,” 
had been accepted by the committee for inclusion in its annual report but had not been 
preprinted. A discussion of this report was presented. Mr. Townsend also annouiuced 
that Subcommittee V on Exposure and Corrosion Tests under the chairmanship of 
W. M. Peirce had completed the testing of the specimens from the 5-yr. indoor and 
outdoor corrosion racks, covering both zinc and aluminum alloys, and that the tab- 
ulated data on these studies had been accepted for inclusion in the report of the 
committee but had not been preprinted. 


The report of Committee B-2 on Non-Ferrous Metals and Alloys was presented 
by the secretary, E. E. Thum. The proposed Tentative Specifications for Lead- 
Coated Copper Sheets were accepted for publication as tentative. The proposed 
revision of the Standard Specifications for Slab Zinc (Spelter) (B 6 — 33) was accepted 
for publication as tentative. The Tentative Methods of Chemical Analysis of Alumi- 
tum and Light Aluminum Alloys (B 40 - 33 T), as revised, and the Tentative Speci- 
fications for Pig Lead (B 29 - 34 T) were approved for reference to letter ballot of the 
Society for adoption as standard. The tentative revision of the Standard Methods 
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of Chemical Analysis of Manganese Bronze (B 27-19) was approved for reference 
to letter ballot of the Society for adoption as standard. 


A paper entitled “‘ Making and Testing Single Crystals of Lead,” by B. B. Betty, 
was presented by the author and discussed. 


The meeting then adjourned till 8 p. m. 


FIFTEENTH SESSION—FRIDAY, JUNE 28, 8 P. M. 


a Cement, Lime, Concrete 
Mr. M. O. Withey in the chair. 


__‘The report of Committee C-1 on Cement was presented by the chairman, P. H. 


Bates. A motion for the adoption as standard of the Tentative Specifications for 
High-Early-Strength Portland Cement (C 74-30 T), as revised, after discussion 
failed to receive the necessary two-thirds vote of those voting at the session, which 
is required for referring it to letter ballot of the Society, the results of the vote being 
34 affirmative and 27 negative. 


A paper entitled “Classification of Hydrated Limes by a Mobilometer,” by 
T. G. Dixon and J. R. Withrow, was presented from manuscript by Mr. Withrow. 


An informal report of the Sectional Committee on Specifications for Plastering, 
F. Leo Smith, acting chairman, was presented by the Assistant Secretary. 


A verbal progress report of the Joint Committee on Standard Specifications for 
Concrete and Reinforced Concrete was presented by the secretary, F. R. McMillan. 
The Joint Committee recommended the withdrawal of the Tentative Rules for 
Inspection of Concrete and Reinforced Concrete Work (C 44-22 T). 


The report of Committee C-13 on Concrete Pipe was presented by the chairman, 
A. E. Phillips. The proposed Tentative Specifications for Concrete Irrigation Pipe 
were accepted for publication as tentative. The proposed revision of the Tentative 
Specifications for Reinforced Concrete Culvert Pipe (C 76-30 T) was accepted, the 
specifications as revised being continued as tentative. The Tentative Specifications 
for Non-Reinforced Concrete Sewer Pipe (C 14-34 T), to supersede the existing 
standard specifications, and for Reinforced Concrete Sewer Pipe (C 75 — 34 T), as 
revised, were approved for reference to letter ballot of the Society for adoption 
as standard. 

A paper entitled “Research on Concrete Disintegration,” by H. S. Mattimore 
and G. A. Rahn, was presented by Mr. Mattimore and discussed. 


Mr. J. C. Pearson then assumed the chair. 


The report of Committee C-9 on Concrete and Concrete Aggregates was pre- 
sented by the chairman, R. W. Crum. The proposed Tentative Methods of Making 
Compression Tests of Concrete Using Portions of Beams Broken in Flexure and of 
Determining Voids in Coarse Aggregate were accepted for publication as tentative. 
The proposed Tentative Method of Test for Material Finer than No. 200 Sieve in 
Aggregates, recommended jointly by Committee C-9 and Committee D-4 on Road 
and Paving Materials, was accepted for publication as tentative with certain modi- 
fications! presented on the floor at the annual meeting, subject to favorable letter 
ballot of Committee C-9.2 


1 These changes appear on page 19. 
2 The proposed revision was submitted to letter ballot of Committee C-9 which consists of 59 members; 
42 members returned their ballots, of whom 38 voted affirmatively and none negatively. 
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The proposed revisions of the Tentative Methods of Test for Soundness of Fine 
Aggregates by Use of Sodium Sulfate (C 88-32 T) and for Soundness of Coarse 
Aggregates by Use of Sodium Sulfate (C 89-32 T), to provide also for the use of 


methods as revised being continued as tentative. The proposed revision of the 
Standard Method of Test for Sieve Analysis of Aggregates for Concrete (C 41 - 33) 
was accepted for publication as tentative with the addition of a reference to the new 
Tentative Method of Test for Amount of Material Finer Than No. 200 Sieve in __ ‘ 
Aggregates. 
The Tentative Specifications for Ready-Mixed Concrete (C 94 — 33 T), as revised, 
was approved for reference to letter ballot of the Society for adoption as standard, : 
with the following additional modifications presented on the floor at the annual ; 
Section 13.—In place of the clause recommended in the preprint of the report to be 
added after the word “materials” in this section, which read as follows: 
“care should be exercised to see that the hopper is completely emptied during 
“the entire contents of the hopper shall be completely discharged” 


meeting, subject to favorable letter ballot of Committee C-9:1 
the discharge of the cement” 
substitute the following clause: _ 


Section 19—Change the fourth sentence to read as follows by the addition of the 
italicized words and the omission of the words in brackets: 
The mixing time shall be measured from the time that all [dry materials] 
cement and aggregates are in the mixer. 


Section 22.—Change to read as follows by the addition of the italicized words and 
the omission of those in brackets: 


22. Concrete shall be delivered to the site of the work, and discharge from 
the hauling container shall be [begun] completed within a period of 1} hr. after 
the introduction of the mixing water to the [dry materials], cement and aggregates, 4 
or the cement to the aggregate [if] when the fine aggregate contains [surface] 
moisture in excess of 6 per cent by weight [or] and the coarse aggregate contains 
[surface] moisture in excess of 3 per cent by weight. 


In presenting the report Mr. Crum summarized briefly the paper entitled 
“Methods of Test for Determining Volume Changes in Concrete,” by Raymond E. 
Davis, appended to the report, and then called upon Mr. Leavitt to present the 
teport of Subcommittee XI on Evaluation of Data comprising “A Statistical Study 
of Bulk Specific Gravity and Mechanical Analysis Tests of Samples of Fine and 
Coarse Aggregate,” and also a paper, not included in the report as preprinted, entitled ‘ 
“Comparisons of Different Types of Specimens for Compression Tests of Mortar,” aa 
by H. J. Gilkey and H. Walter Leavitt. 


A paper entitled “Determination of Modulus of Elasticity and Poisson’s Ratio 
of Concrete at Ages of Fourteen Days to Four Years,” by L. H. Koenitzer, was nre- 
sented by C. H. Scholer. 


A paper entitled ‘‘The Chemistry and Physics of Concrete Shrinkage,” by R. W. 
Carlson, was presented from manuscript by the author and discussed. 


A paper entitled “Shrinkage of Concrete,” by Inge Lyse, was presented from 
manuscript by the author and discussed. 


'The proposed revision was submitted to letter ballot of Committee C-9 which consists of 59 members; 
members returned their ballots, of whom 38 voted affirmatively and none negatively. 
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A vote of thanks was extended to the Detroit Committee on Arrangements for 
their untiring efforts in planning the program, assisting with the Exhibit, and in 
making the necessary arrangements for entertainment of the ladies and other activities 
which contributed greatly to the success of the annual meeting, the third largest in 
the history of the Society from the standpoint of registered attendance. 

There being no further business the chairman then declared the Thirty-eighth 
Annual Meeting adjourned sine die. 
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ANNUAL ADDRESS BY THE PRESIDENT 
HERMANN VON SCHRENK 
June 25, 1935 

In his annual address, the President is usually expected to present a 
brief statement concerning the activities of the Society during the past 
year. However, these activities are so fully covered in the annual reports 
of the Executive Committee and other administrative committees that I 
shall reserve to myself mention in this regard of just a few things I should 
like to emphasize. 

First, I wish to call attention to the question of membership. While 
our growth in membership during the past year has been very gratifying, 
with resultant increase in available funds, we are still hampered in our 
activities because of lack of funds in the treasury. The various phases of 
activity in which our Society is engaged are growing rapidly from year to 
year, and, as the work of the A.S.T.M. is appreciated more and more, 
demands are being made upon the Society through its committees and 
through its general office which we shall be unable to meet. In fact, we 
have reached a point where it will mean either standing still, or curtailing - 
some of our essential activities. I would repeat, therefore, the request 
of my predecessors in office, that everyone in the Society do his best to 
assist in increasing our membership. 

It is with pleasure that I report increased cooperation with other 
technical bodies. ‘There are many engineering, architectural, contracting 
and even governmental organizations interested in the use of materials. 
In the beginning, all of these organizations started to write specifications 
and methods for testing. It is becoming more and more widely recognized 
that, of all the engineering bodies, the A.S.T.M. is the one best fitted to 
write specifications and methods for testing because of its country-wide 
research connections and its machinery for handling the results of research. | 
The A.S.T.M. is being repeatedly asked to sponsor the development of 
specifications. During the past year, a very important meeting of Com-— 
mittee E-10 on Standards was held with the Standards Committee of the - 
American Railway Engineering Association. A very full discussion took | 
place dealing with the relationship between this great railroad organization — 
and the A.S.T.M. It is confidently expected that, as a result of this meet- 
ing, official representatives of the railway organization will be delegated 


to serve on various committees of our Society. "os 
(27) 
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I have been greatly impressed in late years with the fact that several 
of the most important sessions of our annual meetings are poorly attended 
_ by the membership. The annual meeting has become more and more an 
---—- gecasion for committee meetings. This is natural, particularly in late 
years when it has been increasingly difficult for the committees to meet 
as frequently as was their custom. The holding of so many committee | 
meetings during the annual meeting has resulted in a very slight attendance 
i” at the opening session and has also reduced the number of members who 
. find it possible to attend the general sessions. The annual meeting was 
thus in danger of becoming a convention of committee meetings. It is 
generally recognized by the Executive Committee that committee work is, 
after all, the foundation of the Society’s efficiency and that nothing must 
be done to restrict unduly the opportunity for holding committee meetings. 
Nevertheless, it was felt that there should be certain periods during the 
week when no committee meetings should be held; and in addition to the 
periods occupied by the Marburg lecture and the dinner, which have by 
custom been free of committee meetings, no meetings of committees are 
being held during the opening session and only a few unavoidable ones 
during the symposium this evening. The officers and members of the 
Executive Committee very much appreciate the cooperation of the mem- 
bers in conforming to this arrangement. : 
2 This is our THIRTY-EIGHTH ANNUAL MEETING. This year, we have : 
D 
D 
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assembled in a great industrial city, where the significance of the work of 
the A.S.T.M. needs no advertising. During the past thirty-seven years 
our Society has done an enormous amount of work dealing with engineering 


. materials, describing the qualities which make them fit for use, and develop- I 
ing methods for testing the physical and chemical properties of such ma- ol 
terials. We now have 306 standard and 135 tentative specifications, or a th 
- total of 442 specifications; also 168 standard and 93 tentative standard y 


methods of test, or a total of 261 methods. In addition, there are 29 lists 
of definitions. This imposing development, representing as it does the m 
intensive work of both producers and consumers, has been made possible th 
_ only by close cooperation between such industries as are represented in ur 
_ Detroit and elsewhere, together with research institutions all over the h 


country. co 

: Let me stress the point that the committees of our Society are essen- ex 
tially research organizations. The formation of a standard, therefore, st: 
7 does not necessarily mean that it remains put. One of the outstanding ad 
functions of the A.S.T.M. is to keep these standards in a “fluid” condition to 
so that as the demands of the consumers change, or as use determines the at 
necessity for revision of standards or methods of testing, such changes can Br 


rapidly be made. While this may be an old story to some of you, I believe fey 
the following figures are impressive. We now have 53 standing com- Ge 
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mittees, 6 research and joint committees and 17 sectional committees, or _ 
a total of 76 committees. The Society has appointed official representa- 

tives on 51 committees of other organizations and, in addition to this, the 
Society has appointed representatives on 5 American Standards Association 
administrative committees; 2 advisory committees of the National Bureau 

of Standards; 4 committees of the International Standards Association 

and 10 study committees of the International Association for Testing 
Materials. 

Of necessity, the work of our committees is becoming more complex 
and more intensively specialized. When committee work started, all 
members of a committee were more or less active in the consideration of 
all the problems with which the committee dealt. This is now neither 
possible nor practicable. For one reason or another, there has been a_ 
degree of specialization which has necessitated the handling of specific 
phases of one or more problems by subcommittees composed of men who 
are trained specially in those particular phases. In the following, I refer 


to a few of our committees, giving the total number of members, number 
of subcommittees and year organized: 


NUMBER NUMBER 
OF oF SuB- YEAR 
MEMBERS COMMITTEES ORGANIZED 
A-5 on Corrosion of Iron and Steel..................... 127 7 1906 
B-2 on Non-Ferrous Metals and Alloys.................. 100 10 1909 
D-1 on Preservative Coatings for Structural Materials.... 157 16 1902 
-2 on Petroleum Products and Lubricants 


D-2 on Petroleum Products and Lubricants.............. 107 30¢ 1904 
* 26 subcommittees; 4 technical committees. 

I need not point out any of the lines of investigation leading to the — 
of specifications in which these committees are involved. I refer you to 
the Year Book of the Society. I have mentioned the above to prepare 
you for what follows. . 

I made the statement that at the beginning all members of a com- 
mittee dealt with all problems, largely because they were able to grasp 
the significance of the various questions presented and to treat them with 
understanding. As the years have gone on, information and knowledge 
has become more and more special so that often members of the same 
committee do not understand each other. I am speaking from personal 
experience when I say that if they understand each other, their under- 
standing may be more or less nebulous. This of course is in line with all 
advancement in knowledge. I have never forgotten an experience which 
took place at Yale University many years ago at an annual dinner meeting 
at which representatives of all the pure sciences were present. Professor 
Brewer of Yale (one of the Deans of American Science) was called on for a 
few remarks. He started by describing his visit to the sessions of the 
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“After listening for awhile” he stated, “‘I did not understand a word 
of what they were talking about.” He then visited the sessions of the 
sections on Zoology, Botany, Physics and Chemistry, at all of which he 
had the same experience. He ended his brief address with this state- 
ment .. . “and to think, gentlemen, that thirty years ago I was a Pro- 
fessor of Geology, Zoology, Botany, Physics and Chemistry at Yale College.” 

As one of the older members of the A.S.T.M., I find myself very much 
in the same position as Dr. Brewer and doubtless many of my confreres of 
early years are having the same experience. What is true of our under- 
standing of the present state of knowledge of very broad phases is equally 
true when it comes to more special branches. I should like to think that 
all the two hundred members of Committee A-1 on Steel, or the one hundred 
and fifty-seven members of Committee D-1 on Preservative Coatings are 
equally informed as to the respective state of knowledge of the material 
subject to the work of their committee. Be that as it may, I feel very 
positive that many members of Committee D-1 know very little about 
what is going on or what has been accomplished by the members of Com- 
mittee A-1 and vice versa. I make my apologies to the members of these 
two committees; in singling them out, I am using them simply as an 
illustration. ‘The comparison will hold equally for all committees. 

You may ask—what does this have to do with the A.S.T.M. and its 
work? The answer is this: I have felt for a long time, that in common 
with other great research bodies, the time has come when we should sit 
down occasionally and consider where we are going. The American Asso- 
ciation for the Advancement of Science, with its huge membership and its 
large number of affiliated national scientific bodies, started an idea some 
years ago which, for want of a better term, I shall call the “Symposium 
Idea.” They picked out subjects of interest to a considerable number of 
groups; for instance, a subject the various phases of which could be dis- 
cussed by specialists of Zoology, Genetics, Botany, Paleontology, etc. The 
idea was to give a general survey so that the members of these groups as 
well as the public at large might have a better vision of the results of investi- 
gations up to the time of presentation. At every annual convention, a 
large number of symposia appear on the program. ‘These discussions have 
added greatly to the interest of the meetings and have proven of great 
value both to the participants as well as to the hearers. Our Society has 
had symposia, too, but in the main they have dealt with materials assigned 
to one committee or one group within the Society, such as rubber, paint, 
corrosion, to name the topics discussed at some of the A.S.T.M. Regional 
Meetings in recent years. The Symposium on Aircraft Materials! at the 
1930 annual meeting and the Symposium on Developments in Automotive 
Materials held at the 1930 Regional Meeting in Detroit represents perhaps 


1 Proceedings, Am. Soc. Testing Mats., Vol. 30, Part II, p. 26 (1930). 
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rd the closest parallel in our history to the type of symposium to which I 

he refer, in that they brought together the experts on different materials that are 

he involved in the construction of aircraft. As I shall point out later, I should 

te- like to see this idea developed in such a way as to bring our committees _ 

ro- rather than individual experts into direct participation in such symposia. 

e.”” I confess that I have often wondered where all this increasing knowledge 

ich is going to lead. I picture the A.S.T.M. for instance, as consisting of a 

, of large wheel with many spokes, but without a rim! The hub is the mass 

ler- of the Society membership. From it spring the spokes going in every 

lly direction. These spokes increase in length representing the increase in 

hat knowledge, and specifically the increase in the number of specifications 

red developed. These spokes may then be imagined as dividing. At the 

are present time, we have 53 main spokes and some of these main spokes have 
rial as high as 30 divisions. I picture the situation of the individual member _ | 
ery (and this will apply equally to the consumer or prospective user of our - 
yout specifications) at the end of one of these spokes, or one of the sub-spokes, | 
om- looking about him with some bewilderment, conscious or otherwise, at his 

hese immediate neighbors who have travelled up some of the adjacent spokes, 

; an to say nothing of those who have travelled up the spokes on the opposite 

side of the hub. As I stated at the outset, this wheel has no rim and the 

1 its one at the end of one spoke therefore has no short cut to his neighbors at 
mon the end of the other spokes. I trust you will pardon this visualization. It 
1 sit leads to this suggestion, it appears to me, that the time has come when we 
\sso- should pause occasionally and attempt a tying together of the very divergent 

d its results of our investigations. To continue the visualization, what I should 
some like to see is the development of an occasional rim. The symposium idea 

sium has always appealed to me because it brings people of different lines of 

er of thinking together and, on such an occasion, they can explain what they 
. dis- have done and what they expect to do. 

The You may ask why I am so strongly stressing the idea of getting to- 
ps as gether people of diverse interests. I shall give you an answer to this ques- 
vesti- tion in the second portion of my talk. Let it be said at this point, however, 
on, a that a broader understanding of subjects, both those closely related as 

have well as those distantly related, has always helped the man in the prosecu- 


great tion of his own specialty. It makes possible a broader outlook and gen- 
y has erates sympathetic understanding. At the first meeting of the Executive 
igned Committee this year, I suggested that we try to have a symposium at this 
paint, annua! meeting in Detroit of the kind I have described. The Executive 
gional Committee and the Detroit Committee on Arrangements favored the idea 
at the with the result that this evening we are to hold a Symposium on the Place 
notive § °f Materials in Automobile Roads and Rides. I hope you will all be there, © 
srhaps —§ Xotonly to listen, but to take part in the discussion. The subject chosen is 

one typifying the great industries of this city. Frankly, it is an experi- 
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ment; maybe after we have tried this experiment for a few years it will 
work even better. I have no fear we will ever exhaust the possibility of 
finding subjects for such symposia. If you had all attended the first meet- 
ing of the Detroit Committee and could have heard the suggestions for a 
subject for this symposium, you would share my optimism. I close this 
phase of my presentation with the statement that there is no engineering 
body that I know of in the world which has the breadth of field, the amount 
of knowledge, and the personnel able to discuss materials of engineering 
in such symposia as has the A.S.T.M. 

I do not think that I am wrong in my conclusions that the symposium 
will make for a broader understanding of our work, both so far as the 
members are concerned as well as the public who use our specifications. 

What starts the preparation of a specification? Briefly stated, this 
may come because of a definite consumer demand for a definite article, or, 
it may be the demand of a producer of an article to assist in a clear defini- 
tion of the article produced. The specification may be either for the 
material itself or for the process to improve a given article. As an example, 
we are now endeavoring to develop specifications for galvanizing, that is, a 
method for improving the corrosive resistance of steel. Similarly, we write 
specifications for paint which reduces weathering, and we write specifications 
for coal tar creosote to improve the lasting power of wood. In its last 
analysis, the animating factor uppermost both in the demand for a specifi- 
cation and in its preparation, is that the material or the process shall make 
the material the best to be used for a specific purpose. In other words, I 
stress the USE requirement. 

Let me illustrate this. On the railroads, we use millions of spikes to 
hold the rails at a uniform distance from one another or, as the railroad 
engineer states it, ‘‘to maintain gage.” These spikes are usually made of 
steel. They are driven into crossties which formerly lasted ten years, we 
will say. We now creosote the ties using creosote examined and tested 
under A.S.T.M. specifications. These ties will last thirty years or more. 
On the rails we run refrigerator cars from which brine leaks and falls on to 
these spikes causing rapid corrosion. A careful study has been made to 
determine whether this dripping of brine might be prevented by holding 
the brine in the refrigerator car and dumping it at designated places, s0 
that it will not come in contact with bridges or track. The cost of this 
method is prohibitive. We must now do something. We must either use 
some other metal or do something with the spikes to make them last 30 
years if possible, because it is obviously uneconomical to have one element 
in a structure function a shorter period than the remainder if it can possibly 
be avoided. What happens? The Society also writes a specification for 
zinc coating. The Society writes specifications for testing the steel and the 
zinc. In none of these specifications is there a word indicating a possible 


relationship one to the other. 
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will Asa one interested i in the use of wood, I shall give you another example: 
y of How many of you know how many AS.T.M. specifications and methods of 
1eet- testing are involved when anyone builds a wooden house? Without goin 
or a into the matter in too detailed a manner, I list the following which will at 
this once occur to any one of you: 
satis List OF MATERIALS THAT CAN BE USED IN THE DESIGN AND CONSTRUCTION OF A HOUSE 
ount COMMITTEES INVOLVED 
sium A-1, A-2 and A-3 
(  A-1, A-5, B-5, 
S. Nails-bolts-screws, etc., both metallic coated and uncoated........ i$ Sectional Committee 
this on Zinc Coating 
make 
rds, I ic wiri i 
kes to Non-Metallic, roll roofing, shingles, etc................... 
ade of D-8 
urs, We Protective coatings for D-1 
A-5, 
tested Protective coatings for metal..............0.ccccleccccccccccces 4 Sectional Committee 
more. { on Zine Coatings 
s on to 
ade to The Secretary has sent me a list of 96 specifications which enter into 
holding the building of such a structure. I take as an example, the owner who is 
ices, 80 about to construct a wooden house. He employs an architect or contractor, 
of this who may specify the proper A.S.T.M. structural wood grades, that is, the 
her use kinds of timber to be used for beams and two-by-fours. The A.S.T.M. 
last 30 has no specifications for siding, lath, flooring or shingles. The various 
element items of wood are to be held together by means of nails. In the current 
possibly § Book of A.S.T.M. Standards, I can find no specifications whatsoever for 
tion for either steel, galvanized or iron nails, so the contractor or architect will 
and the probably take the easiest way and specify steel nails, which are the most 
possible § ‘ommon article of commerce. In the course of time, sometimes after only 
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a few yea years, the steel nails, particularly those exposed out of doors, such as los 
those which hold the siding or shingles, will rust and ultimately give way. or 
In due course of time the siding may fall off or the shingles blow away and ha 
all sorts of troubles develop for the owner. in 
I cite the case of the wooden shingle, particularly, because it is so ab 
_ startling an illustration of what I have in mind. Wooden shingles were an 
- among the earliest roof coverings used. When made of naturally long- cat 
lived woods such as cypress, cedar, redwood, white pine, etc., they lasted an: 
for generations. With the advent of competitive roofing materials, various list 
investigators found that the wooden shingle had a great advantage over the 
others due to the slow heat transmission, that is, the wooden shingle gave bui 
a more comfortable house in summer and one requiring less fuel in winter. abi 
A hundred years or so ago, wooden shingles were fastened to a roof with ag 
blacksmith iron shingle nails which were then, as now, called “puddled 
iron shingle nails.”” I personally removed some of these several years ago use 
_ from Mt. Vernon, the home of George Washington, which were in as good its | 
condition as when originally placed. Needless to say, the shingles were the: 
held in position by these nails and none of them blew away. ‘This is not stru 
the case nowadays. ‘The wooden shingle is usually fastened with a steel ther 
wire nail, and in a very short time these nails corrode and let go between mat 
the board and the shingle, with the result that the shingle slides off the roof clea 
or blows away and the roof leaks. Of far more significance, however, is shot 
the resultant fire hazard due to this failure on the part of the nails. Every- be s 
one knows that wood burns. When a fire occurs in a house or in a neigh- user 
boring house, loose shingles are apt to become ignited by flying sparks if J kind 
the shingles are not held firmly to the roof. The burning shingles are apt spec 
to fly off and ignite other houses. This is what is commonly known, in conn 
insurance language, as “the flying brand hazard” of the wooden shingle. catio 
I have personally examined thousands and thousands of shingles in years prop 
gone by and have reached the conclusion that the reason they become comr 
flying brand hazards has nothing to do with the use of wood in the form of a Steel 
shingle, but is due to the corrosion of the nail which held the shingle. The high- 
heads of these nails turn into pin points, and, at the same time, the hole allow 
through which the nail extends becomes enlarged by some process of The ; 
disintegration of the wood fiber which occurs however only when the nail and 
rusts. I have never seen this happen with cut iron or galvanized steel nails. wheel 
What is the result of this failure to perform on the part of the corroded showi 
nail and wooden shingle? Laws have been passed at the instance of load j 
_ Insurance Underwriting bodies in practically every State of the Union, and, prepa 
if not for the state, for practically all the larger communities, outlawing struct 
the use of the wooden shingle. Every citizen will agree with this restric- worke 
tion because, after all, we want to build a house so as to avoid fire hazard signifi 
_ whenever possible. The prohibition against wood shingles has meant’ the “= 
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loss of a valuable structural item efficient in every respect except its 
“staying put” and that failure was due to the fastening. All of this has 
happened because of failure to correlate the qualities of the metals involved 
in relation to the usc to which they were to be put. What I have said 
about the wooden shingle and the steel nail applies equally to the siding 
and the nails which hold it. It applies to bolts and screws used in freight 
car construction. If I had the time, I should like to give you a detailed 
analysis of every one of the 96 specifications which the Secretary has 
listed which enter into the building of a house, in order to illustrate that 
there are relations of equal significance between the qualities of other 
building materials such as defined in our A.S.T.M. specifications, and their 
ability to function together in the best possible manner, in order to produce 
a good house. 

My thesis is that practically every construction project involves the 
use of several materials. The type of material selected must depend on 
its fitness for use, not only because its own qualities make it fit, but because 
these qualities permit of the best use of other materials used in the same 
structure. No matter how good the specifications may be or how carefully 
they are followed for one class of material, they become useless if that 
material will not work in conjunction with others. Please understand 
clearly that I am not arguing that the A.S.T.M. should develop designs or 
should specify uses, but I do feel that every once in a while there should 
be some informational presentation which will indicate to the prospective 
user, first: what A.S.T.M. specifications exist with reference to various 
kinds of uses and, second: what the reasons are as to why certain A.S.T.M. 
specifications should be considered for the use of such material. In this 
connection, I call attention to the fact that while we cannot write specifi- 
cations dealing with design, we can give information as to permissible and 
proper uses. ‘This has been done in the past by a number of A.S.T.M. 
committees. I shall pick out one or two at random. Committee A-1 on 
Steel, for instance in its specifications for alloy-steel bolting material for 
high-temperature service (A 96 — 33) has a note as to the relation between 
allowable pressures and their corresponding allowable temperatures.' 
The same has been developed for carbon-steel castings for valves, flanges 
and fittings for high-temperature service (A 95-33); also for cast-iron 
wheels (A 46-24). In the latter case, information is given to the user 
showing the relation between diameter of the wheel, standard for maximum 
load per wheel and estimated weight. Jumping to timber, Committee D-7 
prepared a rather lengthy informational Appendix to the specifications for 
structural timbers for detailed information as to allowable stresses as 
worked out by the Forest Products Laboratory and factors of immediate 

‘Significance to the architect or builder. The specification, without this, 


'See 1933 Book of Standards, Part I, p. 258. _ Oo 
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would have meant practically nothing. In line with this idea, I call atten- 
tion to the previously mentioned list of specifications concerned in the 
building of a house. I do not know how many architects in the United 
States have lists of this character in their files. It seems to me that this 
list would make a brave beginning which could be presented in the form 
of a printed analysis, if sufficient amount of informational matter were 
prepared, if you please, by all the committees involved or such as are 
pertinent, which would give a picture to the architect as to why the A.S.T.M. 
specifications should be used. In other words, what I am pleading for is 
an occasional informational presentation which will tie in our various 
standards because, as I said at the beginning of this phase of my discussion, 
the use feature is, after all, the proof as to the fitness of our standards. 

I have always considered it a great privilege to be a member of the 
A.S.T.M. I have not only come in closer touch with men interested in 
my own field, but have obtained a wider range of vision. It has been 
well said that the art of engineering involves man’s use, in the best possible 
manner, of the materials which Nature has placed at his disposal. To me, 
the significance of the A.S.T.M. is not only the investigation of the physical, 
chemical and biological qualities of these materials, but, by inference, the 
dissemination of knowledge as to their best use. My suggestions today 
hint at the possibility that there may be ways and means by which we 
can aid not only in spreading the knowledge of the accomplishments of the 
A.S.T.M. in writing specifications, a development of which we are justly 
proud, but by going a step farther in elucidating the significance and 
relationship of these specifications as fit for ultimate use, so that they 
may become increasingly incorporated in engineering work. 
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ANNUAL REPORT OF THE EXECUTIVE COMMITTEE _ 


The Executive Committee offers the following report on general 
Society activities for the year ending with this annual meeting: 


Membership: 


The membership of the Society on June 1, 1935, was 3612. Statistics 
showing gains and losses in the various classes of membership are as follows: 


i Losses Additions Totals 
Class of Membership 


Dropped| Death Trans- 
fer 


Honorary. . 

Life or Perpetuity... 

C company, Fi irm, ete. 


The above table presents a brighter picture than has obtained for 
several years. The losses of the past four years have been stopped; a 
net gain of 43 for all classes of membership is reported, which while re- 
latively small, is significant compared to net losses of 164 and 430 for the 
two preceding years. Resignations and, especially, delinquencies are much 
fewer in number than a year ago; losses from all sources this year were 
298, compared to 438 a year ago. Elections to membership showed a 
substantial increase over the two preceding years; 319 compared to 254 
and 170. Of these, approximately one-third represent renewal or rein- 
statement of former members, or replacement of memberships resigned. 

These are encouraging indications that improvement in business and 
the lessening of financial stringency is gradually being reflected in an im- 
proved membership position for the Society. ‘The membership curve has 
definitely turned upward again, but there is still much lost ground to be 
regained. The continued help of the many members who have secured 
new members, and of such groups as the Special Membership Committee 
and the several District Committees, which contributed to the good show- 
ing of this past year, will be needed in the years ahead as our efforts are 
intensified to reach the level of membership of pre- -depression days. As 
the Executive Committee has previously pointed out in these annual 

(37) 
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reports and in the Society Bulletin, the source of the strength and virility 
of the Society lies in its membership, and unquestionably the recovery of 
memberships temporarily lost during the past three years and the exten- 
sion of membership into new fields are important problems facing us in 
these coming years. There is clearly a very general appreciation of this 
among the members of the Society, and the Executive Committee again 


The Society has lost the following members through death: 


bespeaks the earnest support of the membership in this work. a q 


DATE OF DATE OF 
MEMBERSHIP MEMBERSHIP 
Bassett, William H........... 1903 1931 
1899 Mathews, John A............. 1903 
Dover, Mary Violette......... 1926 O’Shaughnessy, M. M........ . 1916 
1910 Paessler, Robert T.......:.:.. 1916 
Fuller, George W............. 1914 Leer 1923 
Hammer, 1915 1. B. 1919 
Henry, John 1911 Pred 1929 


In the death of William H. Bassett on July 21, 1934, only a few weeks 
after his election to the presidency, the Society lost one of its truly great 
members, who had served his fellow members in the technical and execu- 
tive affairs of A.S.T.M. for over thirty years. He was loved and admired 
throughout the Society and his sudden passing was deeply mourned. A 
resolution adopted by the Executive Committee was published in the 
Society Bulletin and an engrossed copy was presented to Mrs. Bassett. 

Other members distinguished in A.S.T.M. service were among those 
who passed away, notably Edward D. Boyer and John A. Mathews, both 
of whom had served as members of the Executive Committee. 

Two new sustaining memberships were acquired during the year, 
namely, The Atlantic Refining Co. and General Motors Corp. This brings 
the total such memberships to eight, the others being: Bell Telephone 
Laboratories, Inc.; Socony-Vacuum Oil Co., Inc.; Sun Oil Co.; The 
Texas Company; Universal Atlas Cement Co.; Western Electric Co., Inc. 

The number of student members increased during the year from 139 
to 148. The importance of this class of membership is evident and has 
been emphasized on numerous occasions by the Executive Committee. 
Establishment of student membership prize awards by Society members 
continued during the year, new prizes being the following: three at the 
University of Kansas by Walter Bohnstengel; two at the University of 
Illinois by S. H. Ingberg; two at the University of Idaho by A. E. Peterson; 
and two at Iowa State College by H. P. Bigler. Prize awards previously 
established at Cornell University, Detroit Institute of Technology, Grove 
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City College, Massachusetts Institute of Technology, Rensselaer Poly- 
technic Institute, and the University of Pennsylvania, all mentioned in 
the report a year ago, were renewed during the year. Awards will be made 
this year in ten scholastic institutions through the interest and generosity 
of as many members. In the three years in which this plan has been in 
efiect, upwards of 90 student members have been brought into A.S.T.M. | 
in this way. The Executive Committee trusts that this plan may be taken 
up by other members and these student membership awards extended 
among many other technical schools. By action of the Executive Com- 
mittee, students hereafter may secure on their membership any one of 
the special compilations of A.S.T.M. standards in place of the Student 
Book of Standards, if desired. 


Committee Activilies: 


As revealed by the program of the present annual meeting, the Society 
is completing a year of fruitful committee work with respect both to in- 
vestigations into the properties of materials and the standardization of 
specifications and methods of test. As usual, the annual reports of two 
administrative committees, E-9 on Research and E-10 on Standards, sup- 
plemented by reviews that will appear in the July and October issues of 
the Bulletin, give a general summary of these activities. Several of the 
Society’s committees have for one reason or another found it difficult or 
impossible to make progress in their assigned fields during the year. 

The Executive Committee, after considering fully the present status 
of the Society’s relationship to the general subject of reinforced concrete, 
especially to the work of the Joint Committee on Specifications for Con- 
crete and Reinforced Concrete, upon which the A.S.T.M. is represented, 
decided that there was no longer a logical place for an A.S.T.M. committee 
on this subject and discontinued Committee C-2 on Reinforced Concrete. 
The Tentative Rules for Inspection of Concrete and Reinforced Concrete 
Work (C 44-22 T) written by the committee have been referred to the 
above-mentioned joint committee for recommendation as to their dis- 
position. 

Conferences during the year with the various metals committees con- 
cerned have indicated that there would be definite advantages in con- 
centrating the Society’s work in the development of methods of chemical — 
analysis of both ferrous and non-ferrous metals in a separate standing 
committee upon which the interested metals committees would be formally 
represented. It is planned to organize such a standing committee during 
the present annual meeting, G. E. F. Lundell having been designated as 
the temporary chairman. 

Another new standing committee is being organized during this annual 
meeting on Gaseous Fuels. A. C. Fieldner has been designated as tem- 
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porary chairman. ‘The decision to engage in standardization work on 
gaseous fuels was reached after thorough examination of the field concerned 
and conferences with various industries and associations whose support 
and cooperation were desired. 

Expansion of the Society’s standardization activities in several other 
directions has been under consideration during the year in the Executive 
Committee and Committee E-10 on Standards. Among the more im- 
portant of these are the fields of Paper and Allied Products, and Soap and 


Other Detergents. 
Modifications of Regulations Governing Standing Committees: oe 7 


A careful review was made during the year of the Regulations Govern- 
ing Standing Committees' in which suggestions for modifications of the 
Regulations emanating from various sources over the past year or so were 
considered. The advice of Committee E-10 on Standards and Committee 
E-5 on Standing Committees was sought, the latter committee being jointly 
responsible with the Executive Committee for these Regulations. 

The following modifications of these Regulations have been approved 
by the Executive Committee and Committee E-5 and will become effective 
at the close of this annual meeting: 


Section 2.—Change the last sentence of Paragraph (a) to read as 
follows by the omission of the words in brackets: 

Only members of the Society shall be eligible, in general, to appointment on 
committees, although exceptions may be authorized by the Executive Committee [in 
favor of representatives of government branches or other societies]. 

Change the last sentence of Paragraph (f) from its present form: 
namely, 

On such committees either an equal numeric balance shall be maintained between 
the producers on the one hand and the consumers and general interests, jointly, on 
the other hand; or the consumers and general interests may be allowed to predominate 
by majority vote of the producers. 
to read as follows: 


Substantial balance with respect to interest shall exist between — 
classifications of members appropriate for various types of standards and no one 
classification shall have a majority save with the recorded assent of the other classi- 
fications. In no case shall the number of producers exceed the combined number of 
consumers and general interests. 


Add a footnote to read as follows, to refer to the word “division” 
which appears in the last sentence of Paragraph (/): 


On any letter ballot of the committee where the result of the vote would be 
affected by the application of this requirement, the Executive Committee has ruled 
that ‘‘a division is demanded” and that hence this provision shall apply. 


11934 A.S.T.M. Year Book, p. 233. 
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New Section.—Add a new Section 5 covering Supplementary — 
tions to read as follows, renumbering the remaining sections accordingly: 


5. Supplementary Regulations Governing Standing Committees—The standing 
committees of the Society shall adopt supplementary regulations governing their 
various activities, such regulations to cover the following: 

Procedure in the nomination and election of officers 

Changes in committee personnel 

Requirements for quorum . 

Provisions covering suspension of inactive members 

Provisions covering duties and responsibilities of advisory committee, particu- 
larly between meetings of the committee 

Follow-up on letter ballots 

Requirements for membership on subcommittees 


Note.—Copies of suggested form of regulations may be secured from the Secre- 
tary-Treasurer. 


Section 7.—At the end of this section add a sentence to read as follows: 


Only members of the committee classified thereon as consumers or general inter- 
ests shall be eligible to hold the office of chairman. 


Section 8.—Omit this section which reads as follows, renumbering 
the remaining sections accordingly: 


8. Resignations.—Proposed resignations from office or from membership on a 
standing committee shall be reported directly to the chairman or the secretary of 
the committee concerned, and the result of any action taken in such matters shall 
be reported to the Secretary-Treasurer of the Society. 


Section 11.—Change to read as follows by the addition of the italicized 
words and the omission of those in brackets: 

11. Tentative Standards—The term ‘‘Tentative Standards” shall be applied to 
proposed standards which are published in the Proceedings for one or more years 
[with a view of elititing criticism, of which] The committee concerned [will take | 


due cognizance] shall give due consideration to suggestions and criticisms received before 
recommending final action toward their adoption as standard. 


Section 14.—Add a footnote to read as follows, to refer to the words 
“not voting” which appear in the last sentence of the first paragraph: 
“Not voting” consists of those returning their ballots so marked. 


Add a parenthetical sentence at the end of the second paragraph of 
this section, to read as follows: 


(For regulations governing the method of counting the votes see Section 2 (h).) 


Section 17.—In the letter ballot form, add a sentence to the introductory 
paragraph, to read as follows: 


The return of this letter ballot is expected even though you are not prepared to 
vote affirmatively or negatively on all of the items involved. 


Section 21.—Substitute for the present Section 21 the requirements 
- arranging for cooperation between U. S. Government branches and 
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A.S.T.M. standing committees, which appear at present as an appendix 
to the Regulations. 

Section 26.—Change to read as follows by the addition of the italicized 
words and the omission of those in brackets: 

26. Special Funds.—[Committees engaged on subjects having a commercial 
bearing shall be authorized to solicit contributions from manufacturers towards 
research funds. Contributions from consumers to funds for this and other purposes 
shall be solicited only by the Executive Committee.] Committees may be authorized 
by the Executive Committee to solicit contributions toward funds for research or other 
purposes. All funds thus collected unless otherwise authorized by the Executive Com- 
mittee shall be transmitted to the Secretary-Treasurer of the Society and deposited 
by him in bank and placed to the credit of the committees on the books of the Society, 


subject to disbursement only on voucher signed by the chairman of the committee 
concerned. 


Section 28.—Change the second sentence to read as follows, by the 
addition of the italicized words and the omission of those in brackets: 

A standing committee which fails for three successive years to present a report 
[at three successive annual meetings of] to the Society will be required to show cause, 


in a written communication to the Executive Committee, why it should not be dis- 
charged. 


Section 29.—Add a second paragraph to this section, to read as follows: 


Committees shall forward to the Secretary-Treasurer as early as possible during 
their preparation draft copies of all proposed methods of testing or specifications 
containing requirements covering testing apparatus. 


Brief comment on certain of these modifications is in order. The 
modification in Section 2 (a) is designed to make possible the appointment 
of non-members of the Society to membership on standing committees 
upon the authorization of the Executive Committee whenever this seems 
desirable. Heretofore membership on standing committees has been 
limited in general to members of the Society, although some committees 
have added non-member individuals as adviser members without vote and 
in certain other instances non-member individuals have been added to the 
technical or working groups. The change is being made with the thought 
that the Regulations should be somewhat more flexible in this regard. 

The change in Section 2 (f) is being made to bring the Society’s 
regulations more nearly into conformity with the American Standards 
Association procedure with respect to the classification of committees, 
which is desirable inasmuch as the Society is now acting as sponsor for a 
considerable number of sectional committees organized under A.S.A. 
procedure. The modification represents a relatively minor change so far 
as the Society’s practice is concerned with respect to the balance of com- 
mittee membership; it tends to provide for somewhat greater representation 
of consumer and general interest groups taken collectively. 
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Referring to the new Section 5, experience of recent years has indi- 
cated the desirability that all standing committees of the Society shall 


d have supplementary regulations governing their various activities, cover- 
ing various features of organization and operation listed in the proposed 
™ new section. ‘Two quite important items that should be covered in such 
ds supplementary regulations are requirements for membership on subcom- 
eS mittees and provisions governing suspension of inactive members. It is 
ed felt that the definition of ‘inactive member” should be left to the in- 
” dividual committees; possibly the nearest general criterion would be 
ont failure to file letter ballots on questions referred to the membership of the 
ty, committee. While there is no thought of attempting to mold all the com- 
tee mittees of the Society to identical pattern, it is increasingly important 
that there be a suitable degree of uniformity in the methods of operation 
the of the various standing committees and to that end a suggested form of 
supplementary regulations has been prepared. 
The change in Section 11 is a reflection of a modification made by 
- Committee E-10 on Standards in the note appearing on each tentative 
dis- standard of the Society, which is intended to give tentative standards a 
better status by no longer indicating that they are published only for the 
_ purpose of securing criticisms and suggestions. 
In general the remaining modifications and the reasons therefor are 
ee obvious. In most instances they have been made to meet certain criti- 
cisms that have been received; for example, nowhere do the present regu- 
lations provide that the chairman of a standing committee shall be a 
The consumer or general interest, although this has always been intended 
nent (Section 7); or they are made in the interest of clarification. Certain 
ttees footnotes and paragraphs are added that have been previously authorized. 
eems 
District Committees: 
ttees During the year reorganization of the various district committees of 
» and &— the Society was begun, placing the work of these committees upon a more 
o the — Permanent basis, conferring certain authority and responsibilities upon 
yught these committees, and giving them a greater degree of autonomy. To 
| this end a Charter for District Committees! was adopted by the Executive 
iety’s Committee a year ago, of which the principal features are: 
dards Members are appointed by the Executive Committee for terms of 
‘ttees, fp tite years, so arranged that the terms of approximately one-third of the 
for a Membership expire at each annual meeting of the Society. The district 
A S.A. — Mmittee is to elect its own officers to serve for a term of two years and is 


given authority to raise funds for support of its activities, such funds to 
be administered by the committee. Each district committee is required 
'o present annually in October a report of its work to the Executive Com- 


‘Published in full in the A.S.T.M. Bulletin, December, 1934. 
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mittee. ‘The purposes and duties of the district committees are stated in 
the following words: 


The appointment of a District Committee is intended to provide a means of 
advancing the interests of the Society in a given locality, and of furthering the pur- 
poses for which the Society is organized: namely, ‘Promotion of Knowledge of 
Materials of Engineering and Standardization of Specifications and Methods of 
Testing.” To this end the District Committees are given the following authority 
and responsibilities: 

(a) To arrange for meetings of members in the District and their guests, at 
which technical papers may be presented, comm’'tee reports, specifications and 
methods of test of the Society discussed, or other topics within the field of the Society 
presented for consideration. 

(b) To sponsor Regional Meetings of the Society, for which arrangements shall 
be made in conference with the Executive Committee of the Society and the Com- 
mittee on Papers and Publications. 

(c) To aid the Executive Committee and the various administrative committees 
of the Society in such matters as extension of Society membership, promotion of use 
of A.S.T.M. standards, stimulation of interest in the research and standardization 
activities of the Society, and procuring of papers for the Annual Meetings of the 
Society. 

(d) To arrange, in consultation with the Executive Committee of the Society, 
for closer participation of the industries of the locality in the research and standardiza- 
tion work of the Society, through representation upon the committees of the Society, 
and in other ways. 

(e) To appoint committees of members within the District to study questions 
concerning specifications and tests for materials that may have special local interest, 
and to arrange through the Executive Committee for cooperation and contact with 
local committees of other districts and with the research and standing committees of 
the Society. 


The following district committees have now been reorganized: Pitts- 
burgh District Committee—Dean Harvey, chairman; James Aston, vice- 
chairman; F. M. Howell, secretary; Cleveland District Committee— 
H. A. Schwartz, chairman; A. J. Tuscany, secretary; New York District 
Committee—M. F. Skinker, chairman; W. H. Finkeldey, vice-chairman; 
L. C. Beard, Jr., secretary; Chicago District Committee—W. A. Straw, 
chairman; J. de N. Macomb, vice-chairman; G. C. D. Lenth, secretary. 
The Detroit District Committee was enlarged about a year ago to form 4 
Detroit Committee on Arrangements for the annual meeting and reorgan- 
ization of the district committee under the new charter has been deferred 
until after this meeting. The three district committees on the Pacific 
Coast, namely, Southern California, Northern California and Seattle, have 
not yet been reorganized. 

A Philadelphia District Committee was appointed by the Executive 
Committee in October, 1934, and was organized in December under the 
following officers: H. M. Hancock, chairman; Alexander Foster, Jr., vice 
chairman; Harold Farmer, secretary. The first activity of the committee 
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organizing district committees in other sections of the country, 
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was to serve as the local committee on arrangements for the Regional 
Meeting of the Society held in Philadelphia last March. 
The Executive Committee has under consideration the desirability of . 


being considered are Birmingham, Boston, Kansas City, St. Louis 
Washington, D. C. | 


Meetings and Local Activities: 


Since the Thirty-seventh Annual Meeting of the Society last June at 
Atlantic City, the Sixth Regional Meeting was held in Philadelphia, March 
1935. The technical feature was a Symposium on Paint and Paint 
Materials developed by Committee D-1 on Preservative Coatings for 
Structural Materials through a special committee headed by R. L. Hallett. 
About 400 members and visitors attended the two sessions at which the 
fifteen papers comprising the symposium were presented. The symposium 
complete with all papers and discussions is being published next month.! 

The Spring Group Meetings of Committees were held at Philadelphia 


6, 


March 4 to 8, inclusive. 


Two local meetings w 


among those 


and 


Upwards of 135 meetings of main committees, 
subcommittees and sections were held, and the total registered attendance 
for the week, 615, exceeded all records for these meetings. Each year this 
occasion gives indisputable evidence of the earnestness of our committees 
and their members in attacking the problems assigned to them and in 
advancing the standardization and research work of the Society. 


ere held during the year. On March 14 


the 


New York District Committee, with Committee D-9 on Electrical In- 
sulating Materials cooperating, sponsored a meeting at which Prof. Hugh 
5. Taylor, Head, Department of Chemistry, Princeton University, spoke 


on “The Chemistry of Deterioration.” 


About 400 members and guests 


attended. On March 15 a meeting was held under the auspices of the 
Cleveland District Committee and the Cleveland Purchasing Agents 
Association at which about 125 members of the two organizations listened 
toa talk by Vice-President A. C. Fieldner, on ‘What the A.S.T.M. Can 
Do for the Purchasing Agent.” 


Society Meetings in 1936: a 
The Executive Committee announces that after fully considering 
Various suggestions for a meeting place in 1936, it has been decided to hold 
the annual meeting of the Society next year at Haddon Hall, Atlantic 
City, N. J., over the dates June 29-July 3. 
It is also announced that the Seventh Regional Meeting of the Society 
will be held in Pittsburgh on March 4, 1936, under the auspices of the Pitts- 


burgh District Committee. 


Mee 


ting, Am. Soc. Testing Mats. (1935). 


The topic selected for the technical sessions 


‘Available as a separate publication, Symposium on Paint and Paint Materials, Philadelphia Re 


gional 
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is ‘Metals of High Strength-Weight Ratio for Structural Purposes.” A 
program committee is being formed by the district committee with the 
cooperation of certain interested standing committees, which will be re- 
sponsible for the solicitation and editing of papers for the symposium. The 
Spring Group Meetings of committees will be held at the same time in 
Pittsburgh over the dates March 2 to 6, inclusive. 


Third Exhibit of Testing Apparatus and Related Equipment: 


As announced in recent issues of the Society Bulletin, the third Exhibit 
of Testing Apparatus and Related Equipment is being held in conjunction 
with this annual meeting. Experience in the first two exhibits in 1931 
and 1933 has fully justified the policies that have governed these exhibits, 
The plan of exhibiting commercial apparatus of manufacturers and dis- 
tributors, and non-commercial apparatus developed in research, govern- 
ment and university laboratories, supplemented by exhibits illustrative of 
the activities of some of the committees of the Society, has provided the 
scientific and educational atmosphere designed to make these exhibits an 
integral feature of the annual meetings and of real interest to our members 
and committees. There have been many interesting developments in testing 
apparatus and equipment during the past two years; improved business 
conditions have made possible an exhibit considerably larger than that in 
1933, and members will certainly find it to their interest and advantage 
thoroughly to review this year’s exhibit. Attention is particularly called 
to the striking exhibits sponsored by committees of the Society, which 
have been made possible by hard and earnest work on the part of committee 
members who shouldered the responsibilities of collecting and placing these 
exhibits. 


Publications: 


The past year has been an exceptionally busy and active one with 
respect to Society publications. The following regular publications were 
issued and distributed to the members: Proceedings, including preprints of 
reports and papers; the 1934 Supplement to the Book of A.S.T.M. Stand- 
ards; the Index to A.S.T.M. Standards and Tentative Standards; and 
the Year Book. Six issues of the A.S.T.M. Bulletin were published. The 
report on Significance of Tests of Concrete and Reinforced Concrete spor- 
sored by Committee C-9 on Concrete and Concrete Aggregates and pre- 
sented at the annual meeting in 1933 was published and distributed to all 
members who had requested copies. The Book of A.S.T.M. Tentative 
Standards and the Symposium on the Outdoor Weathering of Metals and 
Metallic Coatings, containing the papers and discussions at the Washington 
Regional Meeting in March, 1934, were published and furnished to members 


| 
} 
fc 
| 
P 
B 
Si 
Ir 
Y 
Si 
B 
R 
Jc 
R 
of 
in 
As 
(C 
(C 
bey 
rea 
par 
Sta 
are 
con 
| hav 
par 
on 
nee! 


hibit 
ction 
1931 
ibits. 
| dis- 
vern- 
ve of 
d the 
its an 
m bers 
esting 
siness 
hat in 
intage 
called 
which 
mittee 
these 


q 


e with 
is were 
‘ints of 
Stand- 
and 
|. The 
spon- 
nd pre- 
d to all 
ntative 
‘als and 
hington 
r1embers 


REPORT OF EXECUTIVE COMMITTEE 


A comparative statement of the volume of these publications 
for the past four years follows: 


on order. 


1931 1932, 1933, 1934, 
PAGES PAGES PAGES PAGES 
Supplement to Book of A.S.T.M. Standards........... 144 102 eons 224 
Index to A.S.T.M. Standards and Tentative Standards. 103 119 124 142 
Book of A.S.T.M. Tentative Standards............... 1008 1236 1164 1288 
Regional Meeting Symposium................eeeeee8: 152 159 121 119 
Joint A.S.M.E.-A.S.T.M. Symposium on Effect of 
Temperature on the Properties of Metals.......... 829 
Report on Significance of Tests of Concrete and Concrete 


3644 5919 


of Standards: 


A.S.T.M. Standards on Petroleum Products and Lubricants (Committee 


D-2), 346 pages, 3500 copies, published annually. 


A.S.T.M. Standards on Electrical Insulating Materials (Committee D-9), 


288 pages, 750 copies, published annually. 


A.S.T.M. Standards on Coal and Coke (Committee D-5), 112 pages, 2000 
This is a new publication and is being published tentatively on a biennial 


copies. 
basis. 


A.S.T.M. Standards on Refractory Materials (Committee C-8), 148 pages, 


2500 copies, published biennially. 


There are two other compilations in this series which were published 


4439 
During the past year, the Society published the following compilations 
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in 1933 and will be republished in revised form this fall, the one covering 
AS.T.M. Standards on Preservative Coatings for Structural Materials 
(Committee D-1) and the other A.S.T.M. Standards on Textile Materials 


(Committee D-13). 


These several compilations of standards have proved 


beyond doubt to be an important means of making A.S.T.M. standards 
readily and conveniently available to the industries that produce and use 
these materials, and committees of the Society have been invited to pre- 
pare such compilations whenever they believe that publication of their 


standards in this way will meet with favor and support. 


Such compilations 


are being considered at the present time with respect to the fields of rubber 


products and bituminous materials. 


In addition, the attention of the stand- 


ing committees has also been called to the importance of reports by the 


committees on the significance and application of the testing methods they 
Two excellent reports on the subject have been pre- 
pared by Committees C-9 on Concrete and Concrete Aggregates and D- 


have developed. 


on Petroleum Products and Lubricants. 


2 


The pamphlet “Selected A.S.T.M. Standards for Students in Engi- 


neering,” 216 pages, was reprinted for a fourth edition of 4000 copies. Th 
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pamphlet is sold to many technical schools, for which a special student So 
price of fifty cents is fixed, and it is also given to student members on their Bo 


dues. the 
Other reprints and special publications printed last year include the Pu 

following: ou; 
Significance of Tests of Petroleum Products and Lubricants, revised edition, in 

80 pages, 6000 copies. Bo 


Service Characteristics of Light Metals and Alloys, reprinted from 1934 
report of Committee B-7 on Light Metals and Alloys, Cast and Wrought, 37 Fi 
pages, 2000 copies. 

Quality Standards for Wrought Iron, reprinted from the 1934 report of 
Committee A-2 on Wrought Iron, 18 pages, 2500 copies. of 

Impact Testing of Cast Iron, reprinted from the 1933 report of Committee Jar 
A-3 on Cast Iron, 51 pages, 750 copies. 

Manual on Presentation of Data, 45 pages, second printing 1500 copies. 


Report of Committee B-3 on Corrosion of Non-Ferrous Metals and Alloys, ~ 

24 pages, 750 copies. Re 

= Report of Committee A-5 on Corrosion of Iron and Steel, 32 pages, 3 insert $4 
plates, 1000 copies. foll 


Two years ago the Executive Committee announced the adoptio 
a policy of gradually expanding the Society Bulletin as finances permit to § 
provide a still better and more frequent means of contact between the f 
Society and its members. It was pointed out that there is much material — 
of current interest that might advantageously be published in an enlarged dey 
Bulletin, such as “general information” papers, papers of general value § ' 
relating to standards and research, and interim and progress reports of B *™ 
committees. Specifications and methods, suggested test procedures, etc., thr 
which committees desire to publish as information might perhaps more — 1° 
suitably be published in the Bulletin than in the Proceedings. In view of dis 
curtailment of Society income during the past two years and the necessity 4 
of providing first for the publication of standards and tentative standards, 
committee reports and technical papers, there have not been sufficient § 1“ 
funds available to permit this expansion of the Bulletin on the scale desired. bee 
A start in this direction, however, was made during the past year. The § ' 
December, 1934, Bulletin carried a paper on the subject “Cylinder versus § ' 
Cube versus Prism as the Compression Test Specimen for Mortars”’ and for 
the January, 1935, issue contained proposed Specifications for Lead-Coated § ™4 
Copper Sheets prepared by Committee B-2 on Non-Ferrous Metals and § 
Alloys. These are the first documents of their kind to appear in the Bulletin § 
and are typical of the kind of material that will be included more frequently § “™ 
as funds permit. Beginning with the December issue of the Bulletin there 
has appeared a series of sketches about members affiliated with the Society ” 
for twenty-five years or more who have been prominent and active in its 
committee work. 
With the steady increase in the number of standards adopted by the 
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Society and the consequent growth in the size of the two volumes of the 
Book of Standards, it will eventually become impracticable to continue 
their publication in the present form. The Committee on Papers and 
Publications has been asked by the Executive Committee to make a thor- 
ough study of the situation and to submit a report and recommendations 
in time for consideration prior to the publication of the next edition of the 


Book of Standards in 1936. ~~ 


Finances: 


Report for the Fiscal Year 1934.—The annual statement of the finances 
of the Society follows in the report of the auditors for the fiscal year, 
January 1 to December 31, 1934. 

Total receipts from dues and entrance fees for 1934 were $67,467.38, 
an increase of approximately $2000 over corresponding receipts for 1933. 
Receipts from sales of publications were the largest in the Society’s history, 
$40,744.69, including the large volume of sales of the Book of Standards 
following its publication late in 1933. Receipts from sales of special re- 

its, including the special compilations of A.S.T.M. Standards, sympo- 


slums, reports on significance of tests, etc., totalling $14,631.40, were like- 


wise larger than in any previous year. ‘These facts are significant, inasmuch 
as the steadily increasing sales of publications throughout the industrial 
depression, stimulated greatly by the sales promotion work undertaken in 
recent years, have partially offset loss of income from membership dues 
and thereby in part made it possible for the Society to carry on its work _ 
throughout a difficult period without curtailment in any essential things. 
Total operating receipts (budgeted) were $116,808.21. Total operating 
disbursements (with all current bills paid) were $112,717.00, or about 
$4100 within receipts. _ 

In line with policy since membership losses began, the surpluses from 
yearly operations have not been added to “permanent” reserve but have 
been set aside as an emergency fund. So far it has not been necessary to 
touch this surplus, which including that from 1934 operations now amounts 
to about $12,500. Of this amount the sum of $4800 has been earmarked 
for addition to the principal of the A.S.T.M. Research Fund; the re- 
mainder, $7700, is still held as a contingency reserve. 

The report of the auditors gives the balance sheet of assets and liabil- 
ities, including special and designated funds (that is, Research Fund, Medal 
and Lecture Fund and Committee Funds); statement of receipts and dis- 
bursements, in which items are classified into “operating” (budget) and 
“non-operating”; details of special funds; investments of Society and 
special funds, both book and market values being given; and a comparison 
of the financial condition of the Society at the close of the past five years. 
The Headquarters Fund now comprises $1041.56, after payment out of | 
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_ Report oF THE AUDITORS FOR THE FiscaL YEAR, JANUARY 1, 1934, 
TO DECEMBER 31, 1934 


PHILADELPHIA, January 9, 
Mr. C. L. Warwick, Secretary-Treasurer 
AMERICAN SOCIETY FOR TESTING MATERIALS 
Philadelphia, Pa. 


Dear Sir: 

We have examined the books and accounts of your Society for the year ended 
_ December 31, 1934. The books and accounts examined were found correct and in 

satisfactory condition. 

We have prepared the annexed Balance Sheet as of December 31, 1934, and 

Statement of Cash Receipts and Disbursements for the twelve months ended that 
' date, together with other supporting schedules. The schedules are in agreement 
with the records of your Society. 

Investments owned were verified by actual inspection and count and found to 
be intact and in agreement with the schedule of securities owned as detailed here- 
with. We verified the collection of interest on investments owned for the year 

1934 and found it fully accounted for, except interest on $6000 Missouri Pacific 
Railroad First and Refunding Mortgage 5’s 1977 which defaulted in their interest 
payments September 1, 1933. 
Respectfully submitted, 
(Signed) JouN HEINS AND Co. 


BALANCE SHEET AS OF DECEMBER 31, 1934 
(Including Special and Designated Funds) 
ASSETS 
General Funds: 
$17 542.12 
Less y as 
of December 31, 
1934—Cost of Pro- 
ceedings in hands of 
Secretary-Treasurer 
that date 13 750.00 — 
$3 792.12 
Investments (Market Value, 
$29,555.00)—Cost 
Accounts Receivable 7 315.19 


Total Current Assets—General Funds $50 031.36 
Furniture and Fixtures 8 010.84 
A.S.T.M.-A.S.M.E. Symposium on Effect of Tempera- 
ture: Special Account for Financing Book 2 431.60 
Claim Against Closed Bank 


Total General Funds . $60 494, +36 


Special and Designated Funds: 
Cash: A.S.T.M. Research Fund $1 626.13 
Dudley Medal and Marburg Lecture 
Fund 566.69 
Committee Funds 12 116.49 


$14 309.31 
Investments: 


A.S.T.M. Research Fund (Market 
Value, $6,030.00)—Cost $8 141.75 


Dudley Medal and Marburg Lecture 
Fund (Market Value, $4,770.00)— 
6 625 .00 


Committee Funds (Market Value, 
$6,223.12)—Cost 
20 886.67 


Total Special and Designated Funds 35 195.98 
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General Funds: 


— 
Current: Accounts Payable— 
Committee A-1.. 
Committee C-1. 
International Association for Test- 
ing Materials 


LIABILITIES 


$190.00 
447 .48 


29.35 


Advance Collections 1538.16 


Total Current Liabilities—General Funds.. $2 204.99 
Life Membership Fund $3 005.20 
Headquarters Fund 1 041.56 
Publication Fund 3 015.00 
5 023.44 
46 204.17 

58 289.37 


Total General Funds $60 494.36 


Special and Designated Funds: 
A.S.T.M. Research Fund $9 767.88 


Dudley Medal and Marburg Lecture Fund al 7 191.69 
Committee Funds os 18 236.41 


Total Special and Designated Funds 35 195.98 


COMPARISON OF GENERAL FUNDS FOR FIscAL YEARS 1930-1934, INCLUSIVE 


Assets Liabilities 


Accounts Accounts 
Invest- | Receivable | Furniture Payable 
ments* | and Mis- ars and Mis- | 200k © aneous urp us 
cellaneous | Fixtures | Gelianeous | Standards | Funds* 


$4 567.78 | $44 255.51 | $10 873.38 | $6209.36 | $2935.58 } $20 438.05 | $42 532.40 
6414.07 | 49946.21 | 12 668.06 6 571.94 3 905.00 R 19 438.05 | 46 566.53 
5945.05 | 49035.80 | 14834.01 6 301.67 2 077.61 . 19 229.55 | 43 066.17 
7869.45 | 38 266.50 | 16 739.78 6 092.51 3 178.98 19 008.68 | 46 780.58 
3 792.12 | 38 924.05 9767.35 | 8010.84 2204.99 | 5023.44 7061.76 | 46 204.17 


“The funds reported in this column for 1930 to 1933, inclusive, include the principal of the 
A.S.T.M. Research Pund, which beginning with 1934 is no longer included under ‘‘ General Funds.” 
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_RECE IPTS AND DISBURSEMENTS 


For THE PERIOD JANUARY 1, 1934, TO DECEMBER 31, 1934 


Cash balance January 1, 1934 (without inclusion of Invest- 
ments of General Fund carried as cash and estimated 
cost of 1933 Proceedings) $2 208.90 
Less, cash in A.S.T.M. Research Fund 1 338.67 


Cash balance 


RECEIPTS 
Operating Receipts (Budgeted): _ 


Dues and Entrance Fees: 


Current Dues $62 343. 
Past Dues 


Income, Life Membership Fund 
Entrance Fees 


Total Dues $67 467 .38 


Sale of Publications: 


Separate Standards 

Book of Standards 

Book of Standards (Members, both parts). 
Book of Tentative Standards 

Book of Tes 


-_ Selected Standards for Students 


Total Sale of Publications 40 744.69 


Miscellaneous: 


Advertising, Bulletin 
Advertising, Index (1933 edition) 
Authors’ Reprints 
Sale of Certificates of Membership 
Interest on Deposits and Investments 
Income, A.S.T.M. Research Fund 
Registration and Other Fees, 

Meeting 
Committee A-1 for Technical Assistant.... 


Total Miscellaneous Items 8 596.14 


Total Operating Receipts (Budgeted) $116 808.21 
Non-Operating Receipts (Not Budgeted): . 


Investments, Matured or Sold 
Excess Remittances 
Accrued Interest 

Seaview Golf Club (see disbursements)... . 
International Association for Testing Mate- 

rials, Du 

Symposium on Effect of Temperature 
Committee C-1 for Technical Assistant.... 
A.F.A. Share, Cast Iron Symposium 
Miscellaneous............ 


Total Non-Operating Receipts 15 297.93 


} 
f 
| 
1053.02 
1793.00 
$4 004.33 
11 947.39 
378.00 
6 111.32 
3 081.65 
590.60 
‘ 14 631.40 
“as 
$411.50 
2 728.90 
373.00 
235.17 
47.50 
2 603.82 
387.50 
| 919.00 
700.00 
189 75 
122.05 
26.44 
25.00 
529.50 
337.90 
1 500.00 
403.82 
37.60 
not 
Carried forwar = 
by 


DISBURSEMENTS 
Operating Disbursements (Budgeted): 
Publications: 
264 
Book of Standards Supplement........ 1 980 
Book of Tentative Standards........... 3 420 
Selected Standards for Students........ 869. 
Regional Meeting Papers.............. 527. 
Bulletin and Circular to Members...... 3759 


Index to Standards and Tentative Stand- 


479. 


Total Disbursements, Publications ........... 


Investments (out of current income toward cost 

1936 Book of 
Expenses, Standing Committees................-- 
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Traveling Expenses, Administrative and Special Com- 


American Standards Assn. and Sectional Committees. . 


Certificates of 


Income A.S.T.M. Research 
Central Lumber Standards Committee............ 
Inter-Society Color Council 


Total Operating Disbursements (Budgeted) .. . 


Non-Operating Disbursements (Not Budgeted): 


Balance on cost of 1933 Proceedings...... $10 200.00» 
26.44 
Refund of Excess Remittances........... 122.05 
Seaview Golf Club (see receipts).......... 25.00 
International Assn. for Testing Materials. . 517.00 
Symposium on Effect of Temperature..... 17.11 
Technical Assistant, Committee C-1...... 1 388.26 
A.F.A. Share, Cast Iron Symposium. ..... 403 .82 

Total Non-Operating Disbursements............ 


Cash Balance December 31, 1934 ..........-.00005 


* This amount includes $13,750.00 in the form of checks drawn against cost of Proceedings, but 
not actually paid on December 31, 1934, pending final completion of the publication work. 
This sum is reported as disbursement out of 1933 income. The 
wn against the investments carried as cash but were not actually paid out 


See Annual Report for 1933. 
were in effect 
until early in 1934. 


$43 713. 


5 023. 
42 172. 
10 065. 

2 736. 

1 564. 


$3 792.12 


.| 
53 
23 
a 
-Repriats (Reports, Papers, Symposiums, ; 
etc.) 6 026.25 
-Miscellane nting (Aut! 
7 
4 
0 | 
6 
8 
— 
3 200.00 
643 .32 | 
36.50 
387.50 
25 .00 
25.00 
109.31 
| 
976.37 


In addition to the general funds of the Society, the Secretary-Treasurer has on 
hand the following funds: 
A.S.T.M. RESEARCH FuND 


Balance, January 1, 1934: a 
Principal: 
Investments (At Cost)..... $8 141.75 
Cash 


37.60 
$8 179.35 
.07 
$9 480.42 


Receipts 


Interest on Deposits and Investments 
$9 867.92 
Disbursements 
Contribution to Committee B-6 
Tax on Checks 


Balance, December 31, 1934: 
Principal: 
Investments (At Cost) $8 141.75 
Sash 37.60 
$8 179.35 
1 588.53 
—— $9 767.88 


DUDLEY MEDAL AND MARBURG LECTURE FUND 


Balance, January 1, 1934: 
Principal—Investments (At Cost) 
Income—Cash 


Receipts 
Interest on Deposits and Investments 


Disbursements 
Honorarium, 1934 Lecturer 
Cost of 1934 Medal 
Engrossing 1934 Lecture Certificate 
Miscellaneous 


Balance, December 31, 1934: 
Principal—Investments (At Cost) 
Income—Cash 


$7 191.69 


Committee A-5, Subcommittee X on Embrittlement Inves- 
tigation 
Committee B-3 on Corrosion of Non-Ferrous Metals and 


Committee B-6 on Die-Cast Metals and Alloys 
Committee C-1 on Cement .62 
Committee C-1, Cement Reference Laboratory 3.2. 
Committee C-9 on Concrete and Concrete Aggregates...... 
Committee C-10 on Hollow Masonry Building Units 
Committee C-18 on Natural Building Stones 
Committee D-1 on Preservative Coatings for Structural 
Materials 


Joint Committee on Investigation of the Effect of Phos- _ 
phorus and Sulfur in Steel 

A.S.A. Sectional Committee on Specifications for Cast-Iron 
Pipe and Special Castings 

A.S.A. Sectional Committee on Classification of Coals 


Total Committee Funds $18 236.41 
Accounted for as follows: 
Investments (At Cost) . 
Cash Balance, December 31, 1934........ cditiannanew a 
$18 236.41 


= 
A 
Incon 
—————__ $7 511.02 
$200.00 
80.00 
3.25 
36.00 
.08 
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_ INVESTMENTS, DECEMBER 31, 1934 


Book Market 
Society Funds: Value Value 
$2000 Penna. R. R. Bonds, Seconds, 5’s due 1964........ $2000.00 $2120.00 
6000 Southeastern Power & Light Co. Debenture 
Bonds, 6’s, Series A, due 2025................ 6 240.00 3 900.00 
7000 Baltimore & Ohio R. R. General and Refunding 
9000 Baltimore & Ohio R. R. General and Refunding 
Bonds, 5’s, Series F, due 1996................ 9 106.55 6 435.00 
6000 Missouri Pacific R. R. First and Refunding Mort- 
gage Bonds, 5’s, Series F, due 1977 (Defaulted 
10000 New York Central R. R. Refunding and Improve- 
ment Bods, 56, Gut 2015 5 108.55 6 600.00 
3000 American Telephone and Telegraph Co. S. F. De- 
benture Bonds, 5’s, due 1960. .............. 3 159.75 3 337.50 
500 Consolidated Gas Co. of New York Bonds, 5%’ s, 
$43 500 $38 924.05 $29 555.00 
A.S.T.M. Research Funds 
$3 000 Baltimore & Ohio R. R. General and Refunding 
$3 037.50 $2 182.50 
1 500 Baltimore & Ohio R. R. General and Refunding 
Bonds, 5's, Series F, due 1996... 514.25 1 072.50 
1500 Consolidated Gas Co. of New York Bonds, 514’s, 
2 000 First Mortgage Real Estate Bonds on 1317 Spruce 
St., Philadelphia, 6’s, due 1945 .............. 2 000.00 1 200.00 
$8 000 141.75 $6 030.00 
Dudley Medal and Marburg Lecture Fund: 
$500 Baltimore & Ohio R. R. General and Refunding 
6000 Baltimore & Ohio R. R. General and Refunding 
$6 500 $6625.00 $4770.00 
Committee Funds: 
$6 000 U. S. Liberty Bonds, 4th issue 414’s, due 1938: 
$64 000 ys $59 810.72 $46 578.12 


Market V: ilues, except on First — Real Estate Bonds on 1317 Spruce 
St., Philadelphia, on which there was no quotation, have been taken from the 


Philade ‘lphia Inquirer, as of January 


2 
Chronicle of January 5, 1935. = 


1935, or the Commercial and Financial 
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the Fund of the entire cost ($3988.44) of the establishment of the new 


Society Headquarters.! Furniture and fixtures, valued at $8010.84 in the 
statement of assets, includes all new furnishings for the headquarters. 
When the latter were purchased (at a total cost of $3557.39), the value on 
the books of furniture and fixtures moved from the old to the new Society 
rooms was $6092.51, based upon annual depreciation of 10 per cent of the 
annual balance. It was decided that a rate of 12} per cent annual deprecia- 
tion should be applied hereafter to this item and at the same time the 
value of older furnishings was arbitrarily reduced to a sum equivalent to 
the 12} per cent depreciation rate. 

No account has been taken in the accompanying financial statement 
of the assets of the Society in the form of publications in stock, with the 
exception of the cost value, $2431.60, of the copies still in stock of the 
Joint A.S.M.E.-A.S.T.M. Symposium on Effect of Temperature on the 
Properties of Metals purchased by the Society from the joint account 
described in a previous report;? this amount is included in the statement 
of assets. The inventory of technical publications on June 1, 1935, may 
be summarized approximately as follows: 


NUMBER OF 
COPIES 
Year Book.... 355 


Proceedings 5 369 
Index to Proceedings, 4 parts, — ‘i 300 

Book of A.S.T.M. Standards { Part I, Non-Metals........................ 2 176 
1934 Supplement to Book of 
Index to Standards and Tentative 1 500 
Selected Standards for Students in Engineering...................-..0-00055 2 980 
Reprints of 493 Standards 30 000 
Symposium on Effect of Temperature on the Properties of Metals........... 727 


1935 Finances.—In budgeting Society operations for 1935, the Execu- 
tive Committee was again faced with considerable uncertainty regarding 
probable income, although for the first time in several years it has been 
possible to anticipate a net increase in membership. Accordingly the 
budget of receipts and disbursements was set up on a tentative basis sub- 
ject to review and to adjustment of disbursements within actual income, 
supplemented by such reserve funds as it was felt might be appropriately 
used if required. Receipts from dues and entrance fees have been estimated 
at $68,350, approximately $1000 greater than 1934 receipts. Receipts from 
sales of publications were estimated at $29,000, considerably less than for 


1See Proceedings, Am, Soc. Testing Mats., Vol. 34, Part I, p. 53 (1934); of the total cost, $3767.57 was 
paid in 1934, as noted in the current report of the auditors Ditie : 
2 Proceedings, Am. Soc. Testing Mats., Vol. 32, Part I, p. 53 (1932). _ 


° ‘| 
- 
44 
‘ 
] 
@4 
t 
S 
0 
n 
St 
— 


1eW 
the 
ers. 
2 on 
iety 
the 
the 
it to 


nent 
the 
the 
1 the 
ount 
ment 
may 


ER OF 
PLES 
355 
369 
300 
140 
176 
778 
287 
500 
980 
000 


000 


“xecu- 
arding 
; been 
ly the 
is sub- 
1come, 
riately 
mated 
s from 
yan for 


67.57 was 


_ ANNUAL REPORT OF EXECUTIVE COMMITTEE _ 57 


1934 which as previously noted included the heavy sales of the 1933 Book 
of Standards. Miscellaneous receipts, including interest on investments, 

advertising in the Bulletin and Index to Standards, and income from te 
Third Exhibit, were estimated at $12,150, bringing the total of estimated 

current receipts to $109,500. Experience of the first five months has a 
definitely encouraging with respect to income from dues and publications 
sales and the prospects are that current income will be considerably above 
the estimate. The budget of disbursements provides for the usual pub- 
lications, for which unit costs are expected to be at the approximate level 
of 1934 costs. Full provision has been made for publication of standards, — 
tentative standards and committee reports, but some curtailment is still | 
necessary respecting technical papers and discussions and in the volume of. 
preprinting. The Executive Committee will review the entire budget 
during the annual meeting, at which time income for the year can be pre- 
dicted with greater certainty and any necessary adjustments in expenditures 


determined. 


The Society has now occupied its new headquarters! for about a year 
and a half. In every way they have proved suitable, and have contributed 
greatly to more effective and efficient functioning of the Society staff. 
Many members have visited the Society’s rooms during the year, and a 
number of committee meetings and conferences have been held there. It 


Headquarters: 


Inter-Sociely and Other Cooperative Relations: 


The Society’s activities have always and of necessity involved co- 
operative relationships with many other organizations, which proceed along 
well-established lines. During the year news items in the Bulletin have 
told of some of the activities in this direction and these hardly require 
mention here. ‘There are, however, several happenings during the year 
that merit specific mention in this report. 

Respecting American Standards Association matters, the Standards 
Council has approved a plan of organization of its work that contemplates 
the formation of ‘divisional committees” covering the various industries. 
Such a “departmentalization” of A.S.A. activities seems essential in view 
of the increasing diversity and extent of the national standardization move- 
ment. One such committee has recently been authorized, namely, a 
Building Code Correlating Committee, which is to function as a repre- 
sentative planning and correlating agency, advisory to the American 
Standards Association, in matters concerning development and harmonizing 


The headquarters were described in the report a year ago (Proceedings, Am. Soc. Testing Mats., Vol. 34, 
Part I, p. 53 (1934) and in the Society Bulletin. 


‘ 

| 


of building codes. This has come about through the discontinuance of 
the former building code committee of the Department of Commerce and 
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the request of the latter that the Department and the A.S.A. cooperate in | 
the future development of building code recommendations. 1 
The Standards Council has approved a proposal, referred to in the I 
report of the Executive Committee last year, that the Society organize 
under its sponsorship a Sectional Committee on Petroleum Products and l 
Lubricants. Invitations have been extended to thirty national organiza- 4 
tions, including certain federal departments, to accept membership on this Q 
committee and to appoint official representatives. It is planned to effect d 
formal organization as soon as the personnel of the committee is completed. S 
Mr. F. M. Farmer has been reappointed as the Society’s representative I 
on the A.S.A. Standards Council for the term of three years ending Decem- a 
ber 31, 1937. a 
The Society has formed with the Society of Automotive Engineers a D 
joint conference committee to consider projects and questions relating to te 
the research activities of the two societies in petroleum products. ‘The 
members of the conference committee are: Representing S.A.E., Messrs. 
B. B. Bachman, A. L. Beale and T. C. Smith, with C. B. Veal ex-officio; 
representing A.S.T.M., Messrs. R. P. Anderson, T. A. Boyd and T. G. 
Delbridge, with C. L. Warwick ex-officio. c 
The importance of fullest possible coordination of A.S.T.M. work 
with the railroads as organized through the American Railway Engineering 
Association and the American Railroad Association (now the Association Jy 


of American Railroads) has always been recognized and cooperative re- 
lations involving a number of A.S.T.M. committees have long been estab- 
lished. An important step in advancing these cooperative relationships 
was taken when a meeting was held on May 6, 1935, attended by the 
Standardization Committee of the A.R.E.A., Committee E-10 on Standards 
of this Society and the chairmen of nine A.S.T.M. committees whose 
activities are of immediate interest to A.R.E.A. The primary purpose 
was an interchange of information about the standardization activities of 
the two societies, in connection with which there was prepared a compre- 
hensive analysis of A.R.E.A. standardization activities and their relation- 
ship to corresponding A.S.T.M. specification work. It is the mutual desire 
of the standardization committees of both organizations that there be 
official representation of A.R.E.A. on all A.S.T.M. committees dealing 
with materials considered by A.R.E.A. in its own extensive committee 
work, and steps to this end are being considered by the executive officers 
of the two bodies. 

In view of the increasing extent to which the Society is necessarily 
concerned with the work of various joint and sectional committees, and 
the growing number of A.S.T.M. representatives upon such committees 
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> of (upwards of 45 at present), the Executive Committee has established the _ 


and procedure of calling for annual reports from all such representatives which 
e in will be reviewed by Committee E-10 on Standards. <A statement of the 
responsibilities of A.S.T.M. representatives upon joint and sectional com- 
the mittees and upon committees of other societies has also been prepared. 
nize The Executive Committee reported a year ago! on the contacts that 
and had been made with and the offers of assistance respecting materials stand- 
1iza- ards made to the Public Works and National Recovery Administrations, 
this and also to the various Code Authorities under the N.R.A. in those in- 
fect dustries presumably concerned with the fields of work covered by A.S.T.M. 
eted. Similar contacts were made in the summer of 1934 with the newly organized 
ative Federal Housing Administration; complete sets of A.S.T.M. standards 
cem- and tentative standards were furnished to that Administration and assur- oat 
ance was given of the Society’s desire to assist in so far as possible in those ot 
ers a phases of the housing program that involved the utilization of standard od. 
ig to tests and specifications for materials. oO 
The 
essrs. Respectfully submitted on behalf of the Executive Committee, sO 
fficio; HERMANN VON SCHRENK, 
G. President. 
C. L. WarwIcK, 
work Secretary-Treasurer. 
eering 
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REPORT OF COMMITTEE A-1 
ON 
STEEL 


During the past year, Committee A-1 on Steel has held two series of 
meetings: the first at Atlantic City, N. J., June 25 and 26, 1934; and the 
second at Philadelphia, Pa., March 4 to 6, 1935. Important progress was [ 
made in committee work at these well-attended meetings. 

Since the 1934 annual meeting, 12 new members have been elected and 
2 resignations accepted, the committee membership now totaling 206, of 
whom 92 are classified as producers and 114 as non-producers; of the 
latter, 86 are consumer and 28 general interest members. 


Tentative Standards and Revisions Approved During the Past Year: 

Two proposed tentative standards were submitted to the Society 
through Committee E-10 on Standards! and were accepted for publication 
as tentative on August 22, 1934. These specifications cover Alloy-Steel 
Castings for Valves, Flanges and Fittings for Service at Temperatures from 
750 to 1100 F. (A 157 — 34 T) and Seamless Alloy-Steel Pipe for Service at 
Temperatures from 750 to 1100 F. (A 158-34 T) and appear in the 1934 
Proceedings.2 There were also submitted to Committee E-10' a number o/ 
revisions in the following specifications: 


Tentative Specifications for Lap-Welded and Seamless Steel Pipe for High 
Temperature Service (A 106-33 T) 

Standard Specifications for Structural Steel for Ships (A 131 -— 33) 

Standard Specifications for Welded and Seamless Steel Pipe (A 53 — 33) 

Standard Specifications for Carbon-Steel Castings for Valves, Flanges ani 
Fittings for High-Temperature Service (A 95 — 33) 

Standard Specifications for Alloy-Steel Bolting Material for High-Temperatut 
Service (A 96 - 33) 

Standard Specifications for Forged or Rolled Steel Pipe Flanges for High-Ter: 
perature Service (A 105 — 33) 


vw 


1In submitting these recommendations to Committee E-10 on Standards, Committee A-1 reported th 
following results of the letter ballot vote of a total of 86 ballots returned from a committee membership of 19% 
Tentative Specifications for Alloy-Steel Castings for Valves, Flanges and Fittings for Service at Temperatul 
from 750 to 1100 F. (A 157 —34 T), 51 affirmative, none negative, and 35 ballots marked ‘‘not voting. 
Tentative Specifications for Seamless Alloy-Steel Pipe for Service at Temperatures from 750 to 1100 FF 
(A 158 — 34 T), 50 affirmative, 1 negative, and 35 ballots marked “not voting”; Tentative Specifications {* 
Lap-Welded and Seamless Steel Pipe for High-Temperature Service (A 106 — 33 tr), 51 affirmative, 1 negativ 
and 34 ballots marked “not voting"; Tentative Revisions of Standard Specifications for Structural Steel 
Ships (A 131 - 33), 56 to 58 affirmative, none negative, and 28 to 30 ballots marked “not voting” (the rat? 
in votes being due to the recording of votes separately on each of the revisions recommended); Tentati 
Revision of Standard Specifications for Welded and Seamless Steel Pipe (A 53 — 33), 56 affirmative, 2 negat!" 
and 28 ballots marked ‘not voting"; Tentative Revision of the three Standard Specifications for Steel i 
High-Temperature Service, 50 affirmative, none negative, and 36 ballots marked ‘‘not voting.” 

2 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, pp. 609 and 617, respectively (1934); also 193 
Book of A.S.T.M. Tentative Standards, pp. 67 and 75, respectively. 
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Revisions of the tentative specifications were approved and the changes in 
the standards were accepted for publication as tentative. The revised 
tentative specifications and the tentative revisions appear in the 1934 


During the year, three specifications under the jurisdiction of Com- 
mittee A-1 have been approved as American Standard by the American 
Standards Association, as follows: 


Standard Specifications for Carbon-Steel Castings for Valves, Flanges and Fittings 
for High-Temperature Service (A 95 - 33) (A.S.A. No.: G17.1 -— 1934) 

Standard Specifications for Alloy-Steel Bolting Material for High-Temperature 
Service (A 96 — 33) (A.S.A. No.: G17.2 — 1934) 

Standard Specifications for Forged or Rolled Steel Pipe Flanges for High-Tem- 
perature Service (A 105 - 33) (A.S.A. No.: G17.3 — 1934) 


The following specifications are being considered by the committee for 
submission to the A.S.A. for approval: 


Standard Specifications for Steel for Bridges (A 7 - 34) 


Standard Specifications for Steel for Buildings (A 9 — 34) OO 
Standard Specifications for Mild Steel Plates (A 10 - 34) 


Standard Specifications for Structural Steel for Locomotives and Cars (A 11 i 3) 
Standard Specifications for Structural Rivet Steel (A 141 — 33) 


Standard Specifications for Billet-Steel Concrete Reinforcement Bars (A 15 — 33) 
as revised 


Standard Specifications for Rail-Steel Concrete Reinforcement Bars (A 16-33) 
as revised 


Standard Specifications for Cold-Drawn Steel Wire for Concrete Rel: 
(A 82-34) 


RECOMMENDATIONS AFFECTING STANDARDS 


The recommendations of the committee affecting its standard and 
tentative specifications are listed first in summarized form for convenience 
together with an analysis of the letter ballot on each item. Where neces- 
sary, these recommendations are referred to further, being grouped for 
convenience in the order of the subcommittees responsible for them. 

I. Proposed Tentative Standards.—Two proposed Tentative Specifica- 
tions for Axle-Steel Concrete Reinforcement Bars, and for Seamless Low- 
Carbon-Steel Still Tubes for Refinery Service are recommended for pub- 
lication as tentative, as appended hereto.? 

IT. Proposed Revisions of Standards.—The committee recommends 
that revisions, as appended hereto,? of the six standard specifications listed 


‘ Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, pp. 1254 to 1258 (1934); also 1934 Book of 
AS.T.M. Tentative Standards, pp. 1182 to 1186. 
*See PP. 552 ong 590.—Eb. 
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below be published as tentative for one year before referring them to letter 
ballot of the Society for adoption as standard: 


Standard Specifications for Open-Hearth Carbon-Steel Rails (A 1 — 30) 

Standard Specifications for Quenched High-Carbon-Steel Splice Bars (A 49 — 21) 

Standard Specifications for Carbon-Steel Bars for Railway Springs with Special 
Silicon Requirements (A 68 -- 27) 

Standard Specifications for Lap-Welded and Seamless Steel and Lap-Welded 
Iron Boiler Tubes (A 83 — 34) 

Standard Specifications for Commercial Quality Hot-Rolled Bar Steels 
(A 107 - 33) 

Standard Specifications for Commercial Cold-Finished Bar 
Finished Shafting (A 108 - 33) 


Steels and Cold- 


ITI. Proposed Revision of Tentative Standard.—Revisions are recom- 
mended, as appended hereto,' in the Tentative Specifications for Seamless 
Alloy-Steel Pipe for Service at Temperatures from 750 to 1100 F. (A 158 - 
34 T), the revised specifications to be continued as tentative. 

IV. Adoption of Tentative Standard as Standard.—The committee 
recommends that the Tentative Specifications for Heat-Treated Steel 
K:lliptical Springs (A 147 — 33 T)? be referred to letter ballot of the Society 
for adoption as standard, without revision. 

V. Adoption of Tentative Revisions of Standards as Standard.—The 
committee recommends that the tentative revisions proposed last year in 
the following standards be submitted to the Society for adoption as standard: 


Revision of Standard Specifications for Billet-Steel Concrete Reinforcement Bars 
(A 15 - 33)8 

Revision of Standard Specifications for Rail-Steel Concrete Reinforcement Bars 
(A 16 — 33) 


VI. Withdrawal of Tentative Standard.—The immediate withdrawal of 
the Tentative Specifications for Carbon-Steel Castings for Industrial, Rail- 
road and Marine Uses (A 154-33 T)* is recommended. When these 
specifications were developed, the desirability of a consolidated specification, 
to cover in one document requirements for castings used in the industrial, 
railroad and marine fields, was thought to be a move in the right direction. 
Recently, however, a number of matters have developed which it has been 
difficult to cover adequately in revisions of the consolidated specification. 
After careful consideration by Subcommittee VIII on Steel Castings 
(W. C. Hamilton, chairman), the immediate withdrawal of Tentative 
Specifications A 154 is proposed. Concurrent with this action, Subcom: 
mittee VIII appointed a new subgroup, under the chairmanship of R. A. 


1See p. 69.—Eb. 

8 Pessaniiens, Am. Soc. Testing Mats., Vol. 33, Part I, p. 564 (1933); also 1934 Book of A.S.T.M. Tentative 
Standards, p. 45. 

8 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 1255 (1934); also 1934 Book of ASTM. 
Tentative Standards, p. 1183. 

4 Proceedings, Am. Soc. Testing Mats., » Vol, 33, Pas Part 1, P. 544 (1933); also 1934 Book of J A. S. T. M. Tentative 
Standards, p. 19. 
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Bull, to prepare requirements covering separately the different classes of 
carbon-steel castings. This work is actively under way and it is the hope 
of the committee, that in the near future, at least new tentative specifi- 
cations covering railroad castings will be submitted.' 

VIT. List of Specifications for Steel Suitable for Fusion Welding 
(A 151 - 33).—The committee recommends that the titles of the following 


TABLE I.—ANALYSIS OF LETTER BALLOT VOTE. 


Items 


Voting” 


I. Proposep TENTATIVE STANDARDS 
Specifications for Axle-Steel Concrete Reinforcement Bars 


70 
Specifications for Seamless Low-Carbon-Steel Still Tubes for Refinery Service 61 


II. Proposep Revisions or STANDARDS 
Specifications for Open-Hearth Carbon-Steel Rails (A 1-39) 
Specifications for Quenched High-Carbon-Steel Splice Bars (A 49 - 21).. 
Specifications for Carbon-Steel Bars for Railway Springs with Special Silicon Requirements 
(A 68 - 27) 
Specifications for Lap-Welded and Seamless Steel and Lap-Welded Iron Boiler Tubes (A 83 - 34) 
Specifications for Commercial Quality Hot-Rolled Bar Steels (A 107 - 33) 
Specifications for Commercial Cold-Finished Bar Steels and Cold-Finished Shafting (A 108 - 33) 


72 


III. Proposep Revision or Tentative STANDARD 


Specifications er Seamless Alloy-Steel Pipe for Service at Temperatures from 750 to 1100 F. 
(A 158 - 34 


IV. Apoprion or Tentative STANDARD aS STANDARD 
Specifications for Heat-Treated Steel Elliptical Springs (A 147 - 33 T) 


V. Apoprion or Tentative Revisions or STANDARDS AS STANDARD 
Specifications for Billet-Steel Concrete Reinforcement Bars (A 15 - 33) 
Specifications for Rail-Steel Concrete Reinforcement Bars (A 16 - 33) 


VI. Wirnprawar or Tentative STanparp 
Specifications for Carbon-Steel Castings for Industrial, Railroad and Marine Uses (A 154 - 33 T) 


VII. Approvan or Appitions To List oF SpeciFicaTions 
List of Specifications for Steel Suitable for Fusion Welding (A 151 - 
reference to following: 
Specifications for Mild Steel Plates (A 10 - 34) 
Specifications for High Tensile Strength Carbon-Steel Plates for Pressure Vessels (Plates 
2 in. and Under in Thickness) (A 149 - 33 T) 
Specifications for High Tensile Strength Carbon-Steel Plates for Fusion-Welded Pressure 
Vessels (Plates Over 2 in. up to and Including 4 in. in Thickness) (A 150-33 T) 


33), immediate inclusion of 


three specifications be included immediately in the List of Specifications 
for Steel Suitable for Fusion Welding (A 151-33). It accordingly asks 
for the necessary nine-tenths vote at the annual meeting in order that this 
revision may be submitted to letter ballot of the Society: 


Standard Specifications for Mild Steel Plates (A 10 - 34) 

Tentative Specifications for High * Tensile Strength Carbon-Steel Plates for 
Pressure Vessels (Plates 2 in. and Under in Thickness) (A 149 - 33 T)é4 
Tentative Specifications for High Tensile Strength Carbon-Steel Plates for 

Fusion-Welded Pressure Vessels (Plates Over 2 in. up to and Including 
4 in. in Thickness) (A 150 - 33 

Editorial Note, p. 67.—Eb. 

21933 Book of A.S.T. Mr. Standards, Part I, 


p.7 
* 1934 Supplement to Book of A.S.T.M. Standards, p 


B * Proceedings, Am. Soc. Testing Mats., Vol. 33, Part t <m 533 and 539, respectively (1933); also 1934 
ook of A.S.T.M. Tentative Standards, pp. 1 and 7, respectively. 
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REPORT OF COMMITTEE A-1 


The recommendations appearing in this report have been referred to Railt 
letter ballot of the committee, which consists of 206 members; 132 mem- as te 
bers returned their ballots, with the results shown in Table I. 


ACTIVITIES OF SUBCOMMITTEES 
Certain important features of the committee’s work are discussed oo 
below, grouped in the order of the respective subcommittees responsible. Bars 
Subcommittee I on Steel Rails and Accessories ¥. Kenney, chair- 33), 
man).—-Because of the extensive use of the Standard Specifications for 
Open-Hearth Carbon-Steel Rails (A 1 ~— 30) in export trade, revisions of speci 
these specifications in the interest of clarifying certain specified require- in pr 
ments, as appended hereto,! are recommended for publication as tentative. | 
The description of the drop testing procedure is the same as that formerly fabri 
included in the specifications as issued in 1924. mats 
The subcommittee recommends that the appended changes? involving 


chemical and physical properties of the Standard Specifications for Quenched A sec 
High-Carbon-Steel Splice Bars (A 49-21) be published as a tentative the « 
revision in order to bring the requirements into conformity with those of tube: 
the specifications of the American Railway Engineering Association for refine 
the same product. appe’ 


This subcommittee is taking part in a joint study with representatives 
of the Institute of Bolt, Nut and Rivet Manufacturers and the A.R.E.A. to for h 
consider proposed changes in the Standard Specifications for Quenched subm 
Carbon-Steel and Alloy-Steel Track Bolts (A 50 — 33). covey 
Subcommittee IT on Structural Steel for Bridges, Buildings and Rolling | steel 
Stock (A. W. Carpenter, chairman).—A recommended practice for the speci 
conditioning of rolled steel surfaces by welding has been formulated and short 
will be submitted shortly for approval and subsequent publication.‘ 
This subcommittee is studying revisions in the Standard Specifications chair 
for Structural Nickel Steel (A 8-29) and for. Structural Silicon Steel the § 
(A 94-33) and is developing specification requirements for high-strength 24) 
rivet steel. mitte 
Subcommittee 1V on Spring Steel and Steel Springs (H. W. Faus, chair- subec 
man).—Since no criticism has been received of the Tentative Specifications comn 
for Heat-Treated Steel Elliptical Springs (A 147 — 33 T), the subcommittee repre 
is recommending their adoption as standard. McD 
In order that the Standard Specifications for Carbon-Steel Bars for 
Railway Springs with Special Silicon Requirements (A 68 — 27) may be in F Duri 
line with the requirements adopted this year by the Association of American been 
conce 


1 See p. 1371.—Eb. 

2See p. 1374.—Eb. 

3 See Editorial Note, p. 67.—Eb. 

4 Subsequent to the annual meeting Committee A-1 presented this to the Society through Committee E-10 
on Standards in the form of a proposed revision of the finish clause of the Standard Specifications for Steel for 
Bridges (A 7 — 34), for Steel for Buildings (A 9 — 34), and for Structural Silicon Steel (A 94 - 33), which was 
accepted for publication as tentative, see Editorial Note, p. 67.—-Ep. 
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i) Railroads, revisions as appended hereto! are recommended for publication 
n- as tentative. 
Subcommittee V on Steel Reinforcement Bars (H. H. Morgan, chair- 
man).-No major criticism having been received of the tentative revision 
proposed last year, covering permissible weight variations of individual 


ed bars, in the Standard Specifications for Billet-Steel Concrete Reinforcement 
Bars (A 15 — 33) and for Rail-Steel Concrete Reinforcement Bars (A 16 —- 

ir- 33), Subcommittee V recommends their adoption as standard. 

or A request from the Axle Steel Manufacturers Association for separate 

of specifications covering axle-steel concrete reinforcement bars has resulted 

re- in proposed tentative specifications, which are appended hereto. 

ve. Subcommittee V is developing specification requirements covering 

rly fabricated concrete reinforcement material, including welded fabric, bar 
mats and expanded metal. 

ing Subcommittee IX on Steel Tubing and Pipe (T. G. Stitt, chairman).— 

ed A section of this subcommittee has been working for the past two years on 

ive the development of requirements covering seamless low-carbon-steel still 

of tubes for refinery service. Representatives of the manufacturers’ and 

for refinery interests cooperated and as a result the proposed specifications, 
appended hereto,* are recommended for publication as tentative. 

ves This special committee concurrently has been considering requirements 

to 


. for heat exchanger and condenser tubes and proposed specifications will be 
hed submitted shortly.4 This subcommittee is also developing specifications 
covering electric-resistance-welded steel and iron boiler tubes and forged 
ing steel pipe flanges for general service. A number of desirable revisions in 
the specifications under the jurisdiction of the subcommittee will be submitted 
and | shortly for approval.‘ 

Subcommittee XII on Methods of Chemical Analysis (G. E. F. Lundell, 
ions | chairman).—This subcommittee has been working on extensive changes in 
the Standard Methods of Chemical Analysis of Plain Carbon Steel (A 33 - 
eth 24) and of Chemical Analysis of Alloy Steels (A 55-24). The subcom- 
mittee has expressed its approval of the proposal to combine all A.S.T.M. 
subcommittees on methods of analyzing ferrous metals into a new standing 
ions | committee, which is in course of organization. Committee A-1 will be 
represented on the new committee by Messrs. C. B. Francis and M. E. 
McDonnell. 

; for Subcommittee X IIT on Methods of Physical Test (L. H. Fry, chairman).— 

During the past year a complete reorganization of Subcommittee XIII has 
been effected with the addition of a number of new members especially 
concerned with test methods. Closer contact with activities of Committee 


E-10 ‘See p. 1378.—Ep. 
‘eel for *See p. 552.—Eb. 
ch was p. 590.—Ep. 


‘See Editorial Note, p. 67.—Ep. 
P 


E-1 on Methods of Testing is being arranged and representatives of Com- 


mittee A-1 have been appointed to serve on various subdivisions of Commit- ch 
tee E-1 in order to cooperate in their respective programs of work. are 

Committee A-1 wishes to assist in clarifying test methods as to their 
applicability for research or investigational testing as distinct from routine fro 
or commercial methods and to indicate specifically materials to which the nes 
test methods apply. Subcommittee XIII is prepared to undertake this fice 
work and plans are being developed to draw up methods of tension testing Va 
applicable to steels covered by specifications under the jurisdiction of Com- wil 
mittee A-1. ‘These will be referred to Committee E-1 for consideration in 
connection with the Standard Methods of Tension Testing of Metallic the 
Materials (FE 8 — 33). to 

Subcommittee X V on Commercial Bar Steels (J. J. Shuman, chairman) .— cati 
In line with developments in production of commercial bar steels and to tha 
meet more fully the needs of consuming interests, including the agricultural will 
implement and automotive industries, extensive revisions, as appended for 
hereto,! in the Standard Specifications for Commercial Quality Hot-Rolled 
Bar Steels (A 107 — 33) and for Commercial Cold-Finished Bar Steels and mee 
Cold-Finished Shafting (A 108 — 33) are recommended for publication as F atte 
tentative. ‘The major revision consists in expanding the series of steels} kno 
covered to include the $.A.E. open-hearth grades and free-cutting grades F _ ficat 
in full. 

Subcommittee XIX on Sheet Steel and Steel Sheets (A. L. Davis, chair- BR tabu 
man).—This subcommittee has developed a number of desirable revisions § XX! 
in the Tentative Specifications for Cold-Rolled Strip Steel (A 109 — 34 T) § that 
to meet certain objections and to increase their practical value. ‘These B for a 
revisions will be submitted to Committee A-1 in June with the recom-f  Subc 
mendation that they be submitted to the Society for acceptance.” | 

Subcommiltee X XI on Steel for Welding (N. L. Mochel, chairman).~ Boop. 
The study of the effect of carbon and manganese with respect to weld BR pay, 
ability, which this subcommittee has had under way during the past year. 
is to be continued andan effort made to institute an intensive program oi 
actual test, work. 

The subcommittee has taken the initiative in instituting conferences. — H. P 
jointly sponsored by the American Welding Society, and the A.S.T.M 
with various national organizations interested in specifications for fille Be “vs, 
metal for use in fusion welding, in an attempt to harmonize existing spec “me 
fication requirements which differ in minor respects. 

Subcommittee XXII on Valves, Fittings, Piping and Flanges for Iligi- S 
Temperature Service (A. E. White, chairman).—Since the publication of the BR  Societ; 
Tentative Specifications for Seamless Alloy-Steel Pipe for Service 4 ie 


1See p. 1381.—Ep. 
2 See Editorial Note, p. 67.—Eb. 


66 Report OF ComMITTEE A-1 


his 
ing 
n in 
allic 


rded 

and 
n as 
steels 
races 


hair- 
sions 
34 
[hese 


in). 
weld- 
year 
am 0 


ences. 
filler 

spec: 


[Ligh 
of the 


‘ice at 


67 


Temperatures from 750 to 1100 F. (A 158 — 34 T), a number of desirable 
changes have been brought to the attention of the subcommittee. These 
are covered in the proposed revision which is given in the Appendix. 

Specifications covering nuts and bolting for service at temperatures 
from 750 to 1100 F. are nearing completion and will be submitted in the 
near future. ‘There are appended hereto! for information proposed Speci- 
fications for Forged or Rolled Ailoy-Steel Pipe Flanges, Forged Fittings, and 
Valves and Parts for Service at temperatures from 750 to 1100 F. ‘These 
will be recommended by the subcommittee for publication as tentative.? 

Subcommittee XXII is now considering a simplified system of marking 
the products covered by the several specifications for piping materials up 
to 1100 F. This will provide that similar alloys in the respective specifi- 
cations will have similar designations identified according to the product, 
that is casting, or pipe, etc. It is anticipated that Subcommittee XXII 
will recommend these revised materials designations at the June meeting 
for subsequent inclusion in the respective specifications when republished. 

The subcommittee’s section on high temperature data has held several 
meetings and carried on considerable correspondence. ‘This section has 
attempted to obtain creep data from all of the sources of which it had 
knowledge. ‘These data are considered essential in connection with speci- 
fications the subcommittee is developing for piping material for use at 
temperatures from 750 to 1100 F. ‘The extensive data, which have been 
tabulated and plotted, will be submitted to the members of Subcommittee 
XXII for consideration and action. ‘The section on data is of the opinion 
that it is impossible, as yet, to give safely definite theoretical creep values 
for all the materials referred to in specifications under the jurisdiction of 
Subcommittee XXII. 


This report has been submitted to letter ballot of the committee, which 
consists of 206 members; 118 members returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of the committee, 


H. H. Morcan, 


H. P. BIGLER, Chairman. 


Secretary. 


'See p. 616. —Ep 
*See Editorial Note, below.—En. 


EDITORIAL NOTE 
Subsequent to the annual meeting, Committee A-1 on Steel presented to the 
Society on August 22, 1935, through Committee E-10 on Standards the following 
additional recommendations: 
Proposed Tentative Specifications for: 
Carbon-Steel Plates for Boilers and Other Pressure Vessels for Stationary 
Service, see p. 527, as a revision of and to supersede the existing Standard 
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Specifications for Boiler and Firebox Steel for Stationary Service 
(A 70 - 33). 

Carbon-Steel and Alloy-Steel Castings for Railroads, see p. 561, as a revision 
of and to supersede the existing Standard Specifications for Carbon- 
Steel Castings for Railroads (A 87 — 27). 

Electric-Resistance-Welded Steel and Open-Hearth Iron Boiler Tubes, see 
p. 579. 

Seamless Cold-Drawn Steel Heat-Exchanger and Condenser Tubes (Sizes } in. 
to but not Including 2 in. in Outside Diameter), see p. 585. 

Carbon-Steel Castings for Miscellaneous Industrial Uses, see p. 568, as a 
tentative revision of the existing Standard Specifications for Carbon- 
Steel Castings (A 27 — 24). 

Forged or Rolled Steel Pipe Flanges for General Service, see p. 575. 

Forged or Rolled Alloy-Steel Pipe Flanges, Forged Fittings, and Valves and 
Parts for Service at Temperatures from 750 to 1100 F., see p. 616. 
-Heat-Treated Carbon- and Alloy-Steel Track Bolts, see p. 556, as a tentative 
revision of the existing Standard Specifications for Quenched Carbon- 
Steel Track Bolts (A 50-33) and for Quenched Alloy-Steel Track 

Bolts (A 51 — 33). 


Revision of Tentative Specifications for: 
High Tensile Strength Carbon-Steel Plates for Pressure Vessels (Plates 2 in. 

and Under in Thickness) (A 149 — 33 T), see p. 534. 

High Tensile Strength Carbon-Steel Plates for Fusion-Welded Pressure 
Vessels (Plates over 2 in. up to and Including 4 in. in Thickness) 

(A 150 — 33 T), see p. 539. 

Cold-Rolled Strip Steel (A 109 — 34 T), see p. 544. 

“Alloy-Steel Castings for Valves, Flanges and Fittings for Service at Tem- 
peratures from 750 to 1100 F. (A 157 — 34 T), see p. 597. 

‘Seamless Alloy-Steel Pipe for Service at Temperatures f rom 750 to 1100 F. 
(A 158 - 35 T), see p. 605. BS 


Tentative Revision of Standard Specifications for: 
Steel for Bridges (A 7 - 34), see p. 1379. 
- for Buildings (A 9 — 34), see p. 1380. 
Structural Silicon Steel (A 94 — 33), see p. 1380. 
; Lap-Welded and Seamless Steel and Lap-Welded Iron Boiler Tubes 
(A 83 — 34), see p. 1384. 


Withdrawal of Standard Specifications for: 
Boiler and Firebox Steel for Stationary Service (A 70 — 33). 
Carbon-Steel Castings for Railroads (A 87 — 27). 


The above recommendations were accepted by Committee E-10 and appear 


respectively in this volume on the pages given above. 
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PROPOSED REVISIONS IN TENTATIVE STANDARD 
FOR STEEL 


Proposed Revision of Tentative Specifications for Seamless Alloy-Steel Pipe for 


Service at Temperatures from 750 to 1100 F. (A.S.T.M. Designation: A 158 - 
34 T):! 


Section 5.—Change to read as follows by the addition of the italicized 
words and the omission of the words in brackets: 


5. (a) All ferritic steels [other than those] covered in Section 3 [(c)] shall be 
furnished in a full-annealed or normalized and drawn condition as stated in the pur- 
chase order. If [tested] furnished in the normalized and drawn condition, the tem- 
perature for drawing shall be at least 200 F. above the service temperature as given 
in the purchase order (Note 1). 

(b) At the option of the purchaser, all austenitic steels shall be stabilized (Note 2) 
according to present accepted practice. 


APPENDIX 


Note.—Add the following notes at the end of Section 5: 


Note 1.—Certain of the ferritic steels covered by these specifications will harden 
if cooled rapidly from above their critical temperature. Some will air harden, that is, 
become hardened to an undesirable degree when cooled in air from high temperatures, 
particularly the 4 to 6 per cent chromium steels, Fs. Therefore, operations involving 
heating such steels above their critical temperatures, such as welding, flanging and 
hot bending, should be followed by heat treating. 


Note 2.—Fabricating operations involving upsetting, flanging, bending, and 
forming often make restabilizing desirable to insure adequate corrosion resistance, 
depending upon service conditions. 


Section 6.—In the table in this section, change ‘‘Grade A,” to read 
“Grade 


Section 8.—Change Paragraph (b) to read as follows by the addition 
of the italicized words: 
(b) Drillings for analysis from pipe shall be taken from several points around 


each pipe selected for analysis. Drillings for analysis from bitlets shall be taken at a 
point midway between the outside and center of the billet by drilling parallel to the axis. 


Delete from Paragraph (c) the last sentence, which reads as follows: 
When drillings for analysis are taken from the billet, the sample shall be taken 


at a point midway between the outside and center of the piece by drilling parallel 
to the axis. 


Section 15 (a).—-Change to read as follows by the omission of the words 
and figures in brackets: 


15. (a) If the results of any [chemical or] physical tests of any lot do not con- 
form to the requirements specified in Sections [8 (a)] 9, 11, or 12, retests shall be 
made on additional pipes of double the original number from the same lot, each of 
which shall conform to the requirements specified. 


. | Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 617 (1934); also 1934 Book of A.S.T.M. Tenta- 


tive Standards, p. 75. 
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REPORT OF COMMITTEE A-2 com 
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WROUGHT IRON cathe 


Committee A-2 on Wrought Iron held one meeting during the year, in italic 
Philadelphia, Pa., on March 5, 1935. A second meeting will be held prior | 
to the presentation of this report to the Society when the report will be B the » 
reviewed and other matters considered. in po 

The committee records with sincere regret the loss through death of appli 
one of its most esteemed members, Mr. J. B. Schlossberg. _ 


RECOMMENDATIONS AFFECTING STANDARDS comr 
I. Proposed Tentative Standards—The committee recommends for B “0 


publication as tentative the following two specifications, as appended hereto?! Fe ©™! 
lentative Specifications for Uncoated Wrought-Iron Sheets 


Tentative Specifications for Zinc-Coated (Galvanized) Wrought-Iron Sheets ana 

_ The Specifications for Galvanized Wrought-Iron Sheets have been ‘ ge 

referred to Committee A-5 on Corrosion of Iron and Steel for review of the 
requirements respecting the zinc coating of the sheets. 

II. Proposed Revisions of Tentative Standards.—The committee recom- 
mends that the following specifications be revised in accordance with the 
changes given in the Appendix, and the specifications as revised continued a ( 
as tentative: the tef 

_ Tentative Specifications for Wrought-Iron Plates (A 42 - 34 T) 
Tentative Specifications for Wrought-Iron Rivets and Rivet Rounds (A 152- ] 
33 T) letter 


Proposed Revisions of Standards.—The committee recommends ‘turn 
that revisions, as appended hereto,? of the six standard specifications listed | —— 
below be published as tentative for one year before referring them to letter 


ballot of the Society for adoption as standard: a 
Standard Specifications for: eae 


Common Iron Bars (A 85 — 27) ene 

Refined Wrought-Iron Bars (A 41 — 30) 

Staybolt, Engine-Bolt and Other High-Grade Wrought-Iron Bars (A 84 - 33) “vatificatic 

Wrought-Iron Rolled or Forged Blooms and Forgings for Locomotives and Cars an 
(A 73 30) 

Hollow Rolled Staybolt Iron (A 86 — 30) 

Lap-Welded and Seamless Steel and Lap-Welded Iron Boiler Tubes (A 83 - 34) 


Gage 


sectio 


With respect to the proposed revision in the Standard Specifications 


A 83 — 34, which is under the joint jurisdiction of Committee A-1 on Steel 


“petificatio, 


1See pp. 701 and 704.—Ep. 
2 See p. 1388.—Eb. 
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and Committee A-2, Subcommittee I on Tubes and Pipe (G. H. Woodroffe, 
chairman) of Committee A-2 concurs in the recommendation of Sub- 
committee [EX on Steel Tubing and Pipe of Committee A-1 that the following 
proposed modification in the marking clause, Section 17 (b), of these specifi- 
cations be published as tentative: 

Section 17 (b).—Change to read as follows by the addition of the 
italicized words and the omission of the word in brackets: 


(b) On tubes less than 1} in. in diameter and on all tubes under 3 ft. in length, 
the name, [or] initials, or brand of the manufacturer, the grade and hydrostatic pressure 
in pounds at which it was tested shall be legibly stenciled or indicated on a sticker 
applied on each tube. 


IV. Adoption of Tentative Revision of Standard as Standard. The 
committee recommends that the tentative revision in the Standard Specifi- 
cations for Hollow Rolled Staybolt Iron (A 86-30), prepared by Sub- 
committee IIIT on Staybolt and Engine-Bolt Iron (E. J. Edwards, chairman), 
and submitted last year for publication as tentative be approved for refer- 
ence to letter ballot of the Society for adoption ¢ as standard. The revision 
is as follows: 7 

Seclion 11.—-Change the center heading, ‘Permissible Variations in 


the Gage,” which precedes this section, to read, ‘‘ Permissible Variations.” 
Add the following sentence as Paragraph (0), lettering the present 
om & section as Paragraph (a): 
the . . . . . 
ued (b) The diameter of hole shall be #¢ in. within a permissible variation of — 0 
and + #, in. A rod } in. in diameter shall pass freely through the entire length of 
the tell-tale hole. ‘The tell-tale hole may be off center ?g in., maximum. 
152- The recommendations appearing in this report have been referred to 
letter ballot of the committee, which consists of 55 members; 48 members 
ends & ‘turned their ballots, the results being as follows: 
tte Ballots 
etter Affirm- | Nega- | Marked 
Items ative tive “Not 
Voting” 
I. Prorvosep Tentative “TANDARD 
for Uncoated Wrought-Iron 36 0 12 
“peclieations for Zine-Coated (Galvanized) Wrought-Iron 


If. 


Proposeo Revisions OF TENTATIVE STANDAKDS 


33) “peifications for Wrought-Iron Plates (A 42-34 T).............. is te 40 0 
1 Cars ‘peeifications for Wrought-Iron Rivets and Rivet Rounds (A 152-33°T)...................... 42 
III. Proposep Revision OF STANDARDS 
for Common Iron Bars (A 85 44 0 
34) vectcations for Staybolt, Engine-Bolt and Other High Grade Wrought-Iron Bars (A 84 - 33). 44 0 
ad Type for W rought-Iron Rolled or Forged Blooms and Forgings for Locomotives and Cars a P 
73. 
ations ‘ettheations a Hollow Rolled Staybolt Iron (A 86 - 30)...............-ceececceeeeeeeees 40 0 
St | heations for Lap-Welded and Seamless Steel and al Welded Iron Boiler Tubes (A 83 - 34) 36 0 
Stee 


IV. Apoprion or Tentative Reviston or StanpaRD A8 STANDARD 
fications for Hollow Rolled Staybolt Iron (A 86-30).............ccceeeececccceuueecs: 
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72 OF COMMITTEE A-2 


This report has been submitted to letter ballot of the committee which 
consists of 55 members; 42 members returned their ballots, all of whom 
have voted affirmatively. 

Respectfully submitted on behalf of the committee, 

H. W. Favs, 
Chairman. 


G. H. Wooprorre, 
Secretary. 
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APPENDIX 
PROPOSED REVISIONS IN TENTATIVE STANDARDS FOR 
WROUGHT IRON 


In this Appendix are given proposed revisions in specifications covering 
wrought iron as referred to earlier in this report. In connection with each 
title is given the reference to the publication in which the specifications 
appear in their present form. 


Proposed Revisions cf Tentative Standards 


Proposed Revision of Tentative Specifications for Wrought-Iron Plates (A.S.T.M. 
Designation: A 42 - 34 T):! 


Section 8 (b).—Change the first sentence from its present form: namely, 


If any test specimen fails to conform to the requirements specified by reason of 
an apparent local defect, a retest shall be allowed. 


to read as follows: 


If any of the specimens originally selected to represent a lot of material con- 
tains surface defects not visible before testing but visible after testing, or if a tension 
test specimen fails to meet the physical requirements of Section 4 and breaks outside 
the middle third of the gage length, as indicated by scribe scratches marked on the 
specimen before testing, the individual specimen shall be rejected and one retest 
from a different plate will be allowed. 


Proposed Revision of Tentative Specifications for Wrought-Iron Rivets and Rivet 
Rounds (A.S.T.M. Designation: A 152 - 33 T): 


Section 7 (b).—Change to read as follows by the addition of the italicized 
words and figure and the omission of those in brackets: 


(b) If any of the specimens originally selected to represent a lot of material 
contains surface defects not visible before testing but visible after testing, or if a 
tension test specimen fails to meet the physical requirements of Section 4 and breaks 
outside the middle third of the gage length, as indicated by scribe scratches marked 
on the specimen before testing, the individual [bar] specimen shall be rejected and 
one retest from a different bar [shall] wil] be allowed. 

! Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 648 (1934); also 1934 Book of A.S.T.M. Tenta- 
tive Standards, p. 121. 


.? Proceedings, Am. Soc. Testing Mats., Vol. 33, Part I, p. 587 (1933); also 1934 Book of A.S.T.M. Ten- 
‘ative Standards, p. 127. 
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REPORT OF COMMITTEE A-3 
ON 


CAST IRON 


Since the 1934 annual meeting of the Society, Committee A-3 on 
Cast Iron held one meeting at Philadelphia, Pa., on March 5, 1935. 4 
second meeting will be held prior to the presentation of this report to the 
7 Society, at which time the report will be reviewed and other matters con- 
sidered. ‘The present membership of the committee is 93 of whom 31 ar 
classified as producers, 38 as consumers, and 24 as general interest members 


RECOMMENDATIONS AFFECTING STANDARDS _ 
Proposed Tentative Standard: 


The committee recommends that the proposed Tentative Specification 
for Automotive Gray-[ron Castings be accepted for publication as tentative 
as appended hereto.' 


IL. Proposed Revisions of Tentative Standards: 
The committee recommends that the following tentative specification 

be revised as indicated and continued as tentative: 
Tentative Specifications for Gray-Iron Castings (A 48- 32 T), revised as a 
pended hereto.? 
Tentative Specifications for Cast-Iron Culvert Pipe (A 142 - 34 T), revised 4 
proposed by Subcommittee VIIT. 


The above recommendations have been submitted to letter ballot 
the committee, which consists of 94 members; 54 members returned th 
ballots, the results being as follows: 


I : Affirm- Neg- Marie 
tems on ative |“ 


II. Proposep Revistons or Tentative STANDARDS 


 Speeif cations for Gray-Iron Castings (A 48 32 46 
Specif cations for Cast-Iron Culvert Pipe (A 142 - 34 T).. 37 0 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Pig Iron (C. D. Mathews, chairman).—A re vision 
the existing Standard Specifications for Foundry Pig Iron (A 43 - 24 
desired and the subcommittee has been asked to make a report at the Ju 
meeting. 


1See p. 709.—Ep. 
2See p. 713.—Eb. 
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Subcommittee IV IV on Car Wheels (F. K. Vial, cheleeeend' —This sub- 
committee has been engaged in the revision of the Tentative Specifications 
for Chilled-Tread Cast-[ron Wheels (A 46-30 T). It is expected that the 
revised specifications will be presented to Committee A-3 at its fall meeting. 

Subcommittee V on Light Gray-Iron Castings (E. B. Sherwin, chair- 
man).—There appears to be a demand for specifications for light gray-iron 


3 o1— castings and the subcommittee has been instructed to make a report at 


. AB the June meeting. 
o the Subcommittee VI on General Castings (J. W. Bolton, chairman).—Since 
; con the Tentative Specifications for Gray-Iron Castings (A 48~—32 T) were 


are 


issued in 1932, considerable investigative work has been done, particularly 
n bers 


in correlation between transverse and tension tests and also in reference to 
the value of the separately cast tension test bar. As a result, the separately 
cast tension bar is eliminated in the revised specification and a new set of 
values is substituted for the values for the transverse tests. Subcommittee 
VI has prepared an extensive revision of the Tentative Specifications A 48 
based on information and data furnished by Subcommittee XI on Methods 
of Testing. The revised specifications are appended hereto.! 

Subcommittee VIIT on Cast-Iron Culvert Pipe (i. ¥. Kelley, chair- 
man).—Subcommittee VIII has prepared the following revision of the 
Tentative Specifications for Cast-Iron Culvert Pipe (A 142 — 34 T)? 

Section 7 (b).—Add the following as a new paragraph (b), relettering 
the present paragraph as Paragraph (c): 


‘ation: 
tative 


cation’ 


(b) The metal in the barrel of the finished pipe shall contain not more than 
0.90 per cent of combined carbon. ‘The test sample for the determination of com- 
bined carbon shall be composed of drillings representative of the full thickness of the 
yallot “pipe barrel. 
ed the! 
Subcommittee X on Nomenclature and Definitions (Robert Job, chair- 


man).—Definitions of terms relating to cast iron have been offered to Com- 


- \Meee mittee E-8 on Nomenclature and Definitions. These definitions have 
ve | cafe been approved by Committee A-3 and are appended hereto’ for information. 


The subcommittee was asked to develop definitions for ‘modulus of 
tupture” and ‘‘modulus of elasticity,” particularly in respect to cast iron. 

Subcommittee XI on Methods of Testing (R. S. MacPherran, chair- 
man).—This subcommittee was quite active during the past year in securing 
information which would permit of a revision in the Tentative Specifications 
for Gray-Iron Castings (A 48-32 T). ‘The report of the subcommittee is 
appended hereto. 

Subcommittee XVIII on Automotive Castings (A. L. Boegehold, chair- 
man).—There has been considerable demand for separate specifications for 


‘See p. 713.—Ep. 
‘ Proceelings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 654 (1934); also 1934 Book of A.S.T.M. 
tative Standards, p. 140. 


*See p. 80.—Ep. | 
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automotive gray-iron castings. Subcommittee XVIII has worked in co- 
operation with the Gray Iron Committee of the Iron and Steel Division of 
the Society of Automotive Engineers in the development of the Proposed 
Tentative Specifications for Automotive Gray-Iron Castings appended 
hereto,! which are recommended for publication as tentative. Identical 
specifications have also been adopted as standard by the Society of Auto- 
motive Engineers. 


REpPoRT OF COMMITTEE A-3 


This report has been submitted to letter ballot of the committee which 
consists of 94 members; 47 members returned their ballots, of whom 41 
have voted affirmatively and none negatively. 


Respectfully submitted on behalf of the committee, 


HyMAN BORNSTEIN, 

E. K. SMITH, 
Secretary. 


1See p. 709.—Eb. 
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REPORT OF SUBCOMMITTEE XI ON METHODS OF TESTING 


The principal business before Subcommittee XI during the past year 
has been to supply information which would enable Subcommittee VI on 
General Castings to revise the Tentative Specifications for Gray-Iron 
Castings (A 48 — 32 T).! 

It was recognized that the transverse loads shown in these specifications 
needed revision. A large number of tests were made by members of the 
subcommittee and others. These loads were averaged and average figures 
were supplied to Subcommittee VI and used in the revision of the speci- 
fications. Sufficient data on deflection values have not been received to 
justify the inclusion of deflection values in the specifications. 

The value of the separately cast tension test specimen in Tentative 
Specifications A 48 — 32 T has been questioned for several years. A number 
of tests made by several investigators indicated that the separately cast 
bar could be eliminated and satisfactory test results secured from tension 
test specimens machined from transverse test bars. Some of this work 
was reported last year and included in the annual report of Committee 
A-3.2 A comprehensive investigation by J. T. MacKenzie of the American 
Cast Iron Pipe Co. confirmed results obtained by other investigators. 
The data reported by Mr. MacKenzie are presented in Tables I and II. 
Acknowledgment is made to the Pittsburgh Testing Laboratory for aid in 
making tension tests. On the basis of results obtained, it was recommended 
to Subcommittee VI that the separately cast tension test specimen be 
climinated from the specifications. 

The problem of sections of castings to be represented by the various 
test bars was considered. The figures given in Tentative Specifications 
A 48-32 T were not in agreement with the results obtained by several 
investigators. Recommendations were made to revise the figures in the 
specifications and the new figures are shown in the revised specifications 
appended hereto.* It appears that there is a need for a bar larger than the 
2-in. diameter bar and a suggestion has been made for a 3-in. diameter 
bar tested on 24-in. supports. 

It was pointed out that it was not commercially practicable at present 
consistently to produce bar C for class No. 60 iron shown in the specifica- 
tions. Consequently, this bar has been eliminated from class No. 60 in 
the revised specifications.* 


' Proceedings, Am. Soc. Testing Mats., Vol. 32, Part I, p. 625 (1932); also 1934 Book of A.S.T.M. T 
, Vol. 34, Part I, p. 148 (1934). 


en- 
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"See p. 713.—Ep. 
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TABLE I.—RESULTS OF 
MACHINED 

Nore.—The bars were all cast in the same manner, in dry, blacked molds, 
method and the a itely cast tension specimens were poured in accordance with the Tentative Specifications for Gray-Iron 
Castings (A 48 - 32 T). 


TENSILE 


STRENGTH TESTS OF GRAY-IRON CASTINGS USING 
AND SEPARATELY CAST SPECIMENS. 
The transverse bars were poured by the Sueger 


Set 


Tensile Strength, Ib. per sq. in. 


| Tension Specimens Machined from Transverse Bars 


Separately Cast Tension Specimens 


Bar A, 0.505 1x. 1n DIAMETER 


20 300 


Average 


28 400° 


61 000 
22 000 


IN. IN DIAMETER 


32 400 
28 700 
28 300 

33 500 

32 300 

45 500° 
38 900 
63 100 
40 000 
31 600 
34 700 
45 500 
40 700 
41 200 
37 600 
56 000 
20 700 


32 500 
27 900 
27 500 
32 000 
30 700 
47 600 
39 900 
63 500 
39 800 
32 300 
33 800 
45 300 
40 100 
43 700 
35 400 
60 100 
20 000 


33 900 
44 000 
39 200 
40 900 
37 000 
58 100 
21 000 


Bar 


Average 


29 700° 


IN. IN DIAMETER 


24 800 


24 100 


Average 


27 100 
36 500 
25 900° 
47 000 
30 800 


Average 


42 000 
53 700 
37 600 
31 000 
36 200 
41 200 


37 600 
37 800 
57 800 
20 200 


Unavalla 


Discarded in machine shop, flawed. 


Flawed not included in average. 


Average. . 


Grand Ave 
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met! 
met] 
i 
| | Ave rage 
a No.22 .........| 37400 | 37100 | 37300 | ... 37300 | 34600 | MM | 303007| ...... | 34600 
No. 23........1] 31900 | 31600 | 299200 | ...... | ...... 
. i 34 000 31 000 30 800 29 000 31 500 33 100 | 32 300 31 700 ae 32 400 
No. 62..........} 34000 31900 ...... | ...... | 33000 33 4002 | 34800 | 35500 | ...... | 35100 
No. 65..........] 84600 | 34500 | 33800 | ...... | 34300 ] 340007 | 34500 | 36200 | ...... | 35400 No, 22 
No. 66..........| 22700 c | 316007 | 33 600 | 33.600 No, 23. 
243100 | 338007 | 32.0002 43 100 No, #2... 
oe No. 69..........| 64800 | 62500 | 64000 | ...... | 63700 } 57000 | 521007 | 560002 b 57 000 No. 65. 
he? No. 70..........| 43500 | 42100 | 39500 | ...... | 41700 | 330007 | 388007 | 41200 | 40200 | 40600 No. fib 
No.71..........| 33500 | 37100 | 32700 | ...... | 34400 230007 | 304007 | 32500 32 500 No, 68... 
ars No. 72..........| 36300 36100 | 36800 | ...... 36400 | 38200 | 31800°¢ | 37 200 34 300° | 37700 No, 69 
hie No. 73 .....| 52300 | 52000 | 53100 | ...... | 52500 ] 45700 | 43100 | 420007 | 47800 | 45500 No. 70 
a No. 74..........] 43300 | 41800 | 42000 | ...... | 42400 | 25300¢ | 365007 | 348007 | 42500 | 42500 No. 71 
cee. No. 76..........| 49100 | 48300 | 47800 | ...... | 48400 | 36300 | 329007 | 39500 | 44200 | 40000 ae 
2 No. 77 41200 | 42100 | ...... | 41700 | 43800 | 40700 | 38300 | 38000 | 40500 a 
‘% No. 79 3000 | 62200 | 64500 | ...... | 64900 } 63300 | 59200 | 61100 | 60500 P| - i4.. 
No. 85.. «21400 | 20400 | 22200 | 21100 22000 | 150007 | 150007 | 13 000° 
Bar B, 0.300 
| — 
oe eee 32500 |... | 32500 | 32800 | 32300 | 31000 | ...... | 32000 — 
aan =p laials 26000 | 30900 | 28200 } 31000 | 30800 | 31600 | ...... | 3110 
32800 | ...... | 32800 30100 | 32500 b 
| | 31500 33200 | 33200 | 33300 | ...... | 33200 
| | 39400 42000 | 410007 | 340002 b 
No. 69.......... 0 ... | 63400 | 54100 | 530007 | 53300 b 
... | 39900 358007 | 35800¢ | 37500 | 37700 
... | 32000 30100° | | 31.000 b 
; No. 72........+- ... | 34100 | 36200 | 36600 | 35800 | 335007 
... | 44900 41600 | 40700 | 359007 | 394002 
... | 40000 303007 | 267002 | 28 4002 
... | 41900 37400 | 37300 | 38200 | 286002 
... | 36700 33100 | 38000 | 38000 | 41300 
pee SS . | 58100 } 58500 | 55800 | 58900 | 58000 
- | 20600 } 20200 | 18 700° | 18 600" 
| | 
0. 22.----+-- 1) 94800 | 24400 | 25 100 ... | 24800 | 24600 | 26600 | 25900 | ...... | 25700 
No. 23..........| 23200 | 21500¢] ...... | ...... | 23200 23300 | 193007 | 23200 | ...... | 23200 
No. 62..........| 20400 | 20500 | 21200 | b b 
oe No. 65..........| 22800 | 22200 | 23900 | ...... | 23000 24900 | 26000 | ...... | 26000 
: No. 66..........| 38400 | 37500 | 37800 | ...... 37 900 b termine Fe 36 500 
Ma | 1 26 8002 | 278007 | 28 4007 | ... 
No. 69..........| 46700 | 47800 | 47300 | ...... | 47300 46800 | 46200 | ...... | 46700 
No. 70..........| 28100 | 29600 | 29900 | ...... | 29200 30900 | 240002 | 240007 | 3080 
No. 71..........] 27500 | 28700 | 26400 | ...... 27500 § 219007 | 28700 | 263002 b 28 700 
; No. 72..........| 26200 | 26900 | 25900 | ...... | 26300 9 28300 | 29100 | 28400 | 27000 | 2820 
a No. 73.........-| 34800 | 36100 | 36200 |.,..... | 35700 | 34800 | 34200 | 34600 | 33900 | 3440 
No. 74..........| 36800 | 35300¢ | 36300 | ...... | 36500 b 6 
de No. 76..........| 41500 | 41700 | 41600 | ...... | 41600 | 33600 | 32300 | 34200 | 32900 | 3330 
: No. 77..........| 29500 | 30000 | 28700 | ...... | 29400 | 33700 | 32900 | 32600 | 32500 | 3290 
y No. 79..........} 51300 | 53000 | 55000 | ...... | 53100 | 52800 | 53200 | 50400 | 52700 | 5230 
a: ; h 00 | ...... | 16800 § 15200 | 15900 | 17400 | 19800 | 1710 


On METHODS OF TESTING 


The subcommittee was asked to give a definite recommendation on a 
method of making transverse test bars. It was found that a number of 
methods were giving satisfactory results and it was therefore recommended 


Table IT.—SuMMARY SHOWING PERCENTAGE RATIO OF TENSILE STRENGTH AND 
PERCENTAGE OF ACCEPTABLE TEST SPECIMENS. 
Percentage Ratio of Tensile Percentage of Good Bars Received from Machine Shop 
Strength: 

“emirately Cast Tension Specimen 

Tension Specimen Machined from |, Tension Specimen Machined from Separately Cast 
Transverse Bar Transverse Bar Tension Specimen 


| 
Bar C Bar A Bar B | Bar C BarA | BarB Bar C 
Specimens || Specimens Specimens | Specimens | Specimens | Specimens | Specimens 


Bar A Bar B | 


Specimens | Specimens | 


99 105 

110 100 

96 

105 113 

96 

107 ane 

85 99 

105 

97 104 

106 107 

92 96 

5 90 80 
22 (000 103 112 


99 98 
102 
99 101 


Average Grand Average. 99 


that the manufacturer be permitted to make the bars as he saw fit. The 
problem is to produce bars free from flaws. 


Respectfully submitted on behalf of the subcommittee, 


R. S. MACPHERRAN, 
Chairman, 


eger 
Iron 
si | 
| 80 87 50 100 100 67 ; 
100 100 100 67 33 0 . 4 
100 100 109 67 100 100 “ 
0 50 100 33 0 50 
0 100 100 25 25 0 i 
100 100 100 25 50 100 ! 
100 67 | 100 50 50 50 ae 
100 100 =| 25 25 25 : 
100 100 100 50 75 100 ; fad 
100 100 100 75 50 100 7 2 
100 100 67 25 0 0 : 
100 (100 100 75 75 100 ad 
100 100 100 100 100 100 ye 
100 100 100 100 100 100 we 
100 100 100 25 25 100 Ai ai 
; 85 94 96 54 58 71 ae 
31300 | 
33 200 
42.000 
53 700 
37 600 : 
31 000 
36 200 : 
41 200 
37 600 
37 800 
57 800 ; 
20 200 
Average 
25 700 > 
23 200 
26 000 
36 500 : 
46 700 
2 | 3080 
28 200 
| 33300 
32 900 
» | 52300 
17 100 


APPENDIX 
PROPOSED DEFINITIONS OF TERMS RELATING TO 
CAST IRON! 


: These are proposed definitions and are published as information only. Suggestion 
for revision are solicited and should be addressed to the Headquarters of the Society 


260 S. Broad St., Philadelphia, Pa. 

Cast Iron.—-Iron containing so much carbon that as cast it is not usefully 
malleable at any temperature. 

Usually from 1.7 to 4.5 per cent carbon is present and in mos 
cases an important percentage of silicon. 

Pig Tron.—Cast iron usually produced by smelting iron ores in the blas 
furnace. It may have been cast into pigs or held in a molten conditio: 
for charging into a steel-making furnace. 

Gray Tron.Cast iron having a gray fracture. It is readily machinabk 
with ordinary tools. The combined carbon usually does not excee 
0.8 per cent. 

White Iron.—-Cast iron having a white fracture. It is very hard am 


difficult to machine. The carbon is practically all in the form of inf 


carbide. 

Mottled Iron.-Cast iron having a mottled fracture. ‘The structure av 
fracture show a mixture of gray iron and white iron. 

- Malleable Cast Tron.—\ron, white as cast, which has been made malleal: 
by annealing. 

- Semisteel.—A vague trade name for various cast-iron products made |) 
adding steel to the melting charge. 
Note.—The term never had a real meaning and should be considered obsolete. 


-High-Test Cast Iron.—A term formerly used to designate gray cast in 
having a minimum tensile strength of 28,000 lb. per sq. in. 


Note.—This term should be considered obsolete since the Tentative Specificati* 
4 for Gray-Iron Castings (A.S.T.M. Designation: A 48-35 T) of the American Society! 
Testing Materials? definitely classify gray-iron castings. 


1 Under the standardization procedure of the Society, these definitions are under the jurisdiction &: 
A.S.T.M. Committee A-3 on Cast Iron. 


2 See p. 713. iene 
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REPORT OF COMMITTEE A-: 
ON 
CORROSION OF IRON AND STEEL 


Committee A-5 on Corrosion of Iron and Steel has held two meetings 
during the past year; one at the Annual Meeting of the Society in Atlantic 
City, N. J., and the other in March, 1935, at the Spring Group Meetings of 
AS.T.M. Committees held in Philadelphia, Pa. The activities of the 
committee have been concentrated along two lines: (/) Outdoor exposure 
corrosion projects already under way or actively projected, pointed toward 
evaluation of the outdoor serviceability of bare and coated ferrous materials 
and (2) Preparation of new standards or revision of existing standards for 
coated ferrous materials. 

Since the 1934 Annual Meeting, 3 new members have been elected 
and 3 resignations accepted, the committee membership now totaling 127, 
of whom 58 are classified as producers and 69 as non-producers; of the 
latter, 48 are consumer and 21 general interest members. 


RECOMMENDATIONS AFFECTING STANDARDS 
I. Proposed Tentative Standards: 


The committee recommends the following three specifications relating 
to plated coatings on steel for publication as tentative as appended hereto:! 
Proposed Tentative Specifications for Electrodeposited Coatings of Zine on 
Steel 
Proposed Tentative Specifications for Electrodeposited Coatings of Cadmium 
on Steel 
Proposed Tentative Specifications for Electrodeposited Coatings of Nickel and 
Chromium on Steel 
These specifications were developed in cooperation with the American 
Electroplaters’ Society and the National Bureau of Standards through the 
Joint Research Committee on Investigation of Electroplated Coatings. 
They are the first proposed standards prepared by the Society relating to 
plated coatings on steel and it is expected that as a result of comments 
made following their publication as tentative subsequent revisions may 
be desirable. These specifications will serve a very useful purpose in 
setting up minimum requirements for plated coatings designed for types 
of service as classified in the specifications. Critical comments on these 
tentative specifications are desired by the committee. 
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IT. Proposed Revisions of Standards: 

The committee recommends that the following two standards he 
revised editorially so that references to determining the requirements for 
weight and uniformity of coating shall be in accordance with the Standard 
Methods of Determining Weight and Uniformity of Coating on Zinc. 
Coated (Galvanized) Iron or Steel Articles (A 90-33). These specifica- 
tions at present refer to the Standard Methods of Testing Zinc-Coated 
(Galvanized) Iron and Steel Wire and Wire Products (A 110-30), the 
withdrawal of which is being recommended, and it is accordingly desirable 
to reword certain sections in order to clarify requirements in accordance 
with the Standard Methods A 90: 

Standard Specifications for Zinc-Coated (Galvanized) Iron or Steel Farm-Fieli 

and Railroad Right-of-Way Wire Fencing (A 116 — 30) 
Standard Specifications for Zinc-Coated (Galvanized) Iron or Steel Barbei 


Wire (A 121 - 30) 
ITI. Adoption of Tentative Standard as Standard: 


The committee recommends that the Tentative Recommended Prac- 
tice for Safeguarding Against Embrittlement of Hot-Galvanized Structural 
Steel Products and Procedure for Detecting Embrittlement (A 143 — 32 T) 
be submitted to letter ballot of the Society for adoption as standard. This 
Recommended Practice has been published as tentative since 1932 ané 
no comments have been received which would indicate the desirability « 

any revision in its present form. 


IV. Withdrawal of Standard and Tentative Standards: 


The committee recommends the withdrawal of the following standari 
and tentative standards: 


Standard Methods of Testing Zinc-Coated (Galvanized) Iron and Steel Wir 
and Wire Products (A 110 — 30)? 

Tentative Specifications for Zinc-Coated (Galvanized) Iron or Steel Farm-Fie! 
and Railroad Right-of-Way Wire Fencing (A 116-32 T) 

Tentative Specifications for Zinc-Coated (Galvanized) Iron or Steel Bartle: 
Wire (A 121-32 T) 


The Standard Methods A 110 were written primarily to cover method 
for testing hot-dipped zinc coatings on wire and wire products but tf 
cently prepared methods for determining weight and uniformity of ait 

- coatings have been incorporated in the Standard Methods A 90-! 
which make obsolete the procedure described in Methods A 110. 

It is believed that the revised specifications for farm fencing 20 
_ barbed wire, when finally completed, will be quite different in form fro 


1 Proceedings, Am. Soc. Testing Mats., Vol. 32, Part I, p. 615 (1932); also 1934 Book of A.S.T.M. Tes 
tive Standards, p. 117. 
2 1933 Book of A.S.T.M. Standards, Part I, p. 324. 
* Proceedings, Am. Soc. Testing Mats., Vol. 59, Part I, pp. 599, 606 (1932); also 1934 Book of AST 
Tentative Standards, pp. 109, 106. 
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| | 
ON CoRROSION OF AND STEEL 


the Tentative Specifications A 116-32 T and A 121-32 T, and, since 
considerable work is still required before such revisions can be made, it has 


83 


for appeared desirable to withdraw the present tentative specifications. The 
ard existing standard specifications for these materials, with editorial changes 
ne. as mentioned above, are being retained until completion of the revised 
specifications. 

ited 


The recommendations in this report have been submitted to letter 
ballot of the committee, which consists of 127 members; 80 members re- 
turned their ballots, the results being as follows: 


Affi Neg- | Marked 

saci irm- eg- | Marke 

Fieli Items ative ative | “Not 
Voting” 


I. Proposep Tentative STANDARDS 
Specifications for Electrodeposited Coatings of Zinc on Steel..............ecceecececcceccucess 64 1 13 
Specifications for Electrodeposited Coatings of Cadmium on Steel..................2000-eeeees 59 0 19 
Specifications for Electrodeposited Coatings of Nickel and Chromium on Steel.................. 


II. Proposep Revisions or STANDARDS 


Prac- Specifications for Zine-Coated (Galvanized) Iron or Steel Farm-Field and Railroad Right-of-Way ; 
‘tural Wire Fencing (A 116-30), editorial change................c-cccccccccccccceccsccececcs 61 0 18 
Specifications for Zine-Coated (Galvanized) Iron or Steel Barbed Wire (A 121-30), editorial 


III. Apoption or Tentative RecoMMENDED PRACTICE 


Recommended Practice for Safeguarding Against Embrittlement of Hot-Galvanized Structural 
Steel Products and Procedure for Detecting Embrittlement (A 143 - 32 T)................-5. 60 0 


IV. 


OF STANDARD AND TENTATIVE 


32 
entative Zine-Coated anized) Iron or Steel Barbed Wire (A 121-32 T). 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee IIT on Inspection of Annapolis Tests (i. S. Taylerson, 
m-F chairman).—Since the inspection on April 26, 1934, of the Nos. 16 and 22 
satel 28° sheets exposed at Annapolis, Md., and recorded in the 1934 report, 
| one further inspection on November 2, 1934, was made of these corrugated 
— sheets.!. At this inspection, after an exposure of 216 months (18 yr.), three 
retho’® failures were observed in the No. 22 gage non-copper-bearing sheets. ‘The 
put "® three failures noted were in sheet A 5 (bessemer steel), sheet X 14 (low- 
of a copper pure iron) and sheet Y 3 (low-copper wrought iron). At the No- 
90-*— vember inspection no additional failures were noted in the No. 22 gage 
copper-bearing sheets and none of the No. 16 gage sheets have as yet 
ing 2% failed. The tests are being continued. 
‘m fro Subcommittee V on Total Immersion Tests (F. B. Olcott, chairman).— 
Tes 


The routine monthly inspections of the No. 16 gage copper-bearing and 


‘For detailed tabulations of failures observed in the tests at Annapolis, see Table I (Plate I) of the 1934 
Report of f Committee A-5, Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p.156(1934),. its 
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non-copper-bearing sheet steel specimens immersed in sea water at the 
U.S. Navy Yard, Portsmouth, N. H., and at the U. S. Naval Station, Key 
West, Fla., have been made by Subcommittee V during the past year. 
The failures noted at these various inspections are recorded in Tables I 
and II (Plates I and II) which also include a tabulation of the failures 
observed at previous inspections. 

The riveted plates described in the 1932 report! have been given the 
annual inspection. ‘The inspection of the plates at the U. S. Navy Yard, 
Portsmouth, N. H., was made between September 10 and October 3, 1934, 
Wax impressions were not made at this inspection. The plates were 
photographed, washed, scrubbed, wire brushed, sandblasted and again 
photographed. It is not considered that conclusions as to relative merits 
of the plates should be drawn at this time. The inspection of the plates 
at the U. S. Naval Station, Key West, Fla., was made February 4 to 7, 
1935. Wax impressions were not made at this inspection. The plates 
were scraped, cleaned, sandblasted and photographed. No appreciable 
progress of corrosion has been noticed for several years and it is not believed 
that conclusions as to the relative merits of the plates should be drawn at 
this time. 

The crates of copper-bearing and non-copper-bearing steel tubing 
immersed with the riveted test plates at Portsmouth and Key West have 
been given the annual inspection concurrently with the riveted plates. It 
is believed that discussion of the relative merits of these specimens should 
be deferred until a more advanced stage of corrosion has been reached. 

Subcommittee VI on Specifications for Metallic-Coated Products (V. ¥. 
Hammel, chairman).—The activities of this subcommittee as related to 
new specifications or changes in existing standards for metallic-coated 
materials for which it is responsible have been referred to earlier in this 
report and are further discussed in its report appended hereto. Furthet 
specifications await the completion of development work now under way 
in Subcommittee VII on Methods of Testing covering (1) methods fof 
determining weight of coatings on heavy hardware and on irregularly 
shaped parts, (2) revised methods for carrying out the Preece test, and (8 
methods for determining the thickness of electroplated coatings. 

Subcommittee VIT on Methods of Testing (L. W. Hopkins, chairman). 
Subcommittee VII has been actively considering suitable modifications @ 
standard procedures for conducting the Preece test. A modified procedutt 
has been worked out and tested comparatively in several laboratories 
It is expected that a revision of this test method will be approved shortl 
by the subcommittee. Work is also under way on methods for determinill 
the thickness of electrodeposited coatings, such methods to be suitable f 
inclusion in standards covering these coatings. 


| Proceedings, Am. Soc. Testing Mats., Vol. 32, Part I, pp. 108, 109 (1932). oe j 
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Tasie I.—ReEporT ON TOTAL IMMERSION TESTS. 


SHEETS Exposep MA: 


No. 16 Gags § 
Average Analysis, per cent 
De 4 ti 
AA lial Non-Copper-Bearing 0.030 | 0.420 | 0.085 | 0.040 | 0.003 | 0.012 6 
Sheet and Tube 0.080 | 0.440 | 0.080 | 0.032 0.014 | 6 1 
a | Copper-Bearing Bessemer Steel............0.sccccccccccsccsccecs Copper-Bearing 0.060 | 0.360 | 0.091 | 0.066 | 0.005 | 0.254 | 6 
2Z32 =| Copper-Bearing ae Youngstown Sheet and Tube Co.. - 0.078 | 0.340 | 0.091 | 0.036 0.287 | 6 
BB Opec: Herth Non-Copper-Bearing 0.058 | 0.359 | 0.022 0.049 | 0.005 | 0.109 6 
FF Opn 0.280 | 0.500 | 0.027 0.038 | 0.010 | 0.034 6 
00 * ad pe 0.110 | 0.360 | 0.008 0.029 trace 0.026 6 3 
MM * * . 0.111 0.400 | 0.010 | 0.028 | 0.011 0.053 6 
0.047 | 0.389 | 0.040 | 0.027 .007 | 0.033 6 
GG nee peeks reoeaseosmegecscoceusosooesocoooescoeoes Copper-Bearing 0.290 | 0.510 | 0.028 | 0.039 | 0.010 | 0.217 6 
HH Copper-Bearing Basie EERSTE: = 0.069 | 0.371 0.010 | 0.026 0.004 0.248 6 
TT Copper-Bearing S ewport Rolling Mill Co..............0-.-- 0.087 | 0.330 | 0.009 | 0.019 0.008 | 0.239 6 
125 Open-Hearth 5 Steel, Youngstown Sheet and Tube Co. * > 0.075 | 0.390 | 0.070 | 0.073 0.257 | 6 
CC | Low-Copper Pure Iron..........+.+- hsinecknnataa adbenibaeae Non-Copper-Bearing | 0.020 | 0.027 | 0.005 | 0.033 | 0.003 | 0.078 | 6 
0.019 | 0.025 | 0.004 | 0.027 | 0.003 | 0.028 | 6 
88 Low-Copper Pure Iron, American Rolling Mill Co................. - ps - 0.015 | 0.021 | 0.006 | 0.020 | 0.005 | 0.023 6 6 
XX _ | Low-Copper Pure Iron, Inland Steel Co. ...........seeceececceces - o . 0.028 | 0.060 | 0.009 | 0.028 | 0.006 | 0.030 | 6 13 | 11 
CCC | Copper-Bearing Pure Iron.................-- C0beSereoconnvesses Co -B 0.018 | 0.028 | 0.005 | 0.032 | 0.006 0.262 6 
UU | Copper-Bearing Pare Iron, Biel 0.014 | 0.075 | 0.006 | 0.028 | 0.007 | 0:250 | 6 
VV =| Copper-Bearing Pure Iron, Whitaker-Gleasner Co.............+.2+- = aes 0.009 | 0.050 | 0.008 | 0.018 0.288 | 6 
KK | Copper-Bearing Acid Open-Hearth Steel..............00-cs0se000: Copper-Bearing | 0.100 | 0.460 | 0.085 | 0.039 0.230 | 6 a 
i ca al Copper-Bearing 0.033 | 0.026 | 0.111 | 0.019 | 0.109 | 0.307 | 6 
YY | Low-Copper Wrought Iron, Youngstown Sheet and Tube Co........ Non-Copper-Bearing | 0.030 | 0.050 | 0.124 | 0.019 | 0.210 | 0.021 6 
138 1 3 2 


* All specimens in the inspection on these dates were sand blasted to facilitate inspection. 
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Tasie II.—ReEpPorT ON TOTAL IMMERSION TESTS. 


Average Analysis, per cent 


ls 
Description 2 | olf 
E ale >. = - 
az | & 
Bessemer Steel, Youngstown Sheet and Tube = 0.412) 0.100 0.013} 6 
Copper-Bearing Beasemer Copper-Bearing 0.390) 0.098 0.247) 6 
Copper-Bearing Bessemer Steel, Youngstown Sheet and Tube Co.... 0.317) 0 092 0.000} 0.276) 6 
Non-Copper-Bearing 0.338) 0 030 0 078) 0 122) 6 
Low-Copper 0 377; 0 010 0 005; 0 030} 6 
Open-Hearth Steel, Alan Wood Steel 0 420) 0 O11 0.005) 0 052) 6 
Open-Hearth Steel, Youngstown Sheet and Tube Co................ 0.392! 0 042 0.028) 6 
Copper-Bearing 0.506) 0.028 0.010} 0.217) 6 
Copper-Bearing Basie 0 372) 0 015 0 228] 6 
Copper-Bearing Steel, Newport Rolling Mill Co.................... “ * 0 305) 0 010 0 226) 6 
Copper-Bearing Open-Hearth Steel, Youngstown Sheet and Tube Co. a « 0 373) 0 056 0 227] 6 
Non-Copper-Bearing 0.031) 0 004 0.065) 6 
0.034} 0 004 0.028) 6 
Low-Copper Pure Iron, American Rolling Mill 0 017} 0 006 0.028) 6 
Low-Copper Pure Iron, Inland Steel 0.053) 0 008 0.027! 6 
Copper-Bearing Pure Copper-Bearing 0.027) 0.005 0.005} 0.221] 6 
Copper-Bearing Pure Iron, Allegheny Steel = 0.066] 0.010 0.243] 6 
Copper-Bearing Pure Iron, Whitaker-Gleasner Co.................. 0.033) 0.007 0.289] 6 
Copper-Bearing Acid Open-Hearth Copper-Bearing 0 0 085 0.240) 6 
Copper-Bearing 0.040} 0.124 0.130) 0.334) 6 
Non-Copper-Bearing 
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1 fe * All specimens in the inspection on these dates were sand blasted to facilitate inspection. 7 
fae * All specimens in the inspection on this date had been sand blasted on May 27, 1930, and Oetober 15, 1930. 
eit « All specimens in the inspeotion an this date had been sand blasted on April 6, 1931. 
i ag All specimens in the inspection on this date had been sand blasted on April 5, 1932. a 
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A special group is now being formed to study the determination of 
weight of zinc coatings on heavy hardware and on irregularly shaped parts 
where area determinations are difficult to make. 

Subcommittee VITT on Field Tests of Metallic Coatings (R. F. Passano, 
chairman).—Subcommittee VIII carried out the regular periodic inspec- 
tion of galvanized sheet specimens exposed at the various locations for the 
past eight years. In its appended report, the subcommittee provides 
extensions to the data presented last year, bringing the tests up to date 
and again presents a very concise picture of the progressive deterioration 
of these sheet specimens. 

An extensive tabulation of inspections of the tests on coated hard- 
ware, structural shapes, tubular goods, etc., after an exposure period of 
305 weeks is also presented in the appended report. 

The Wire Test Committee of this subcommittee has continued its 
work on getting the tests on wire and wire products under way. ‘This 
project has advanced steadily and it is hoped that the tests may be begun 
before the end of 1935. Since the detailed plans of these tests were pub- 
lished last year, no further outline is considered necessary at this time. 

Subcommittee X on Embrittlement Investigation (W. G. Kelley, chair- 
man).—The action of this subcommittee in recommending the adoption 
as standard of the Tentative Recommended Practice for Safeguarding 
Against Embrittlement of Hot-Galvanized Structural Steel Products and 
Procedure for Detecting Embrittlement (A 143-32 T) is covered earlier 
in this report. This recommendation was submitted to letter ballot of 
the subcommittee which consists of 28 members, 25 members returned 
their ballots, of whom 24 have voted affirmatively, 0 negatively, and 1 
marked his ballot “not voting.’”’ The subcommittee plans to continue 
the gathering of further information on the effect of size of shape and 
type of steel on embrittlement and methods for testing various shapes. 


This report has been submitted to letter ballot of the committee, 
which consists of 127 members; 80 members returned their ballots, of 
whom 73 have voted affirmatively and none negatively. 


James A — 
Secretary. 


| 
Respectfully submitted on behalf of the committee, oe 
F. F. FARNSWORTH, 


REPORT OF SUBCOMMITTEE VI ON SPECIFICATIONS FOR “he 
METALLIC-COATED PRODUCTS | “wl 


Since the annual meeting in June, 1934, Subcommittee VI has held § to re 
one meeting on March 5, 1935, in Philadelphia, Pa., in conjunction with 
the Spring Group Meetings of A.S.T.M. Committees. mitt 
At this meeting the specifications for zinc-coated barbed wire and for § three 
fencing galvanized after weaving were discussed. The inclusion of more 3 


than one weight of coating in these specifications has been under considera- ' 
tion since March, 1933. It now appears probable that two heavier weights 
of coating will be included. Consideration will also be given to the prepara- 
tion of specifications for barbed wire galvanized after weaving, a matter 
that has also been held up since 1933, pending the decision on heavier ] 


weights of coating. Final development of these specifications will prob- Foy, 
ably be postponed until the early results, at least, are obtained from the appe 
wire exposure tests now being started. For the further development of Fo 1 
these specifications, closer cooperation with the American Railway Engin- 


eering Association is being arranged and a representative of the farm ill 
interests has been appointed to this subcommittee from the membership negat: 
of the American Society of Agricultural Engineers. sl 


Since the Tentative Specifications for Zinc-Coated (Galvanized) Iron I 
or Steel Barbed Wire (A 121-32 T) and for Zinc-Coated (Galvanized expec 
Iron or Steel Farm-Field and Railroad Right-of-Way Wire Fencing (A 116 ; 
32 T) carry somewhat lighter weights of coating than the Standard Specii- § M. 
cations for Zinc-Coated (Galvanized) Iron or Steel Barbed Wire (A 121- 


30) and for Zinc-Coated (Galvanized) Iron or Steel Farm-Field and Rail- 9 
road Right-of-Way Wire Fencing (A 116 — 30), it appeared inadvisable to (4 


retain the tentative specifications since future development will probably 
be in the other direction. It was, therefore, decided to recommend, subject 
to letter ballot approval of the subcommittee, the withdrawal of the Tenta- (b 
tive Specifications A 121-32 T and A 116-32 T. ‘This recommendation } 
was submitted to letter ballot of the subcommittee which consists of 57 
members; 51 members returned their ballots, of whom 37 have voted 
affirmatively and 0 negatively. 

As the essential features of the Standard Methods of Testing Zinc In 
Coated (Galvanized) Iron and Steel Wire and Wire Products (A 110-30 § this sy 
have been incorporated in the Standard Methods of Determining Weight J Hamm 
and Uniformity of Coating on Zinc-Coated (Galvanized) Iron or Stee! BR his steg 
Articles (A 90 — 33), it was decided to recommend the withdrawal of the R 
Standard Methods A 110-30. The results of the letter ballot vote . 
this question were 45 affirmative and 0 negative. | 

The Standard Specifications A 121-30 and A 116-30 refer to the 
older nomenclature used in Methods A 110-30, so it was decided 1 
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recommend editorial changes in the requirements as to weight and uniform- 

ity of coating so as to clarify the specifications. ‘The several specifications 

in which reference is made to Methods A 110 will also be revised editorially 

eld to refer to the latest Standard Methods A 90 — 33. 

ith The sub-subcommittee appointed in 1931 to cooperate with a com- 
mittee of the American Electro-Platers’ Society presented for approval the 

for | three following specifications for electrodeposited coatings. 
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ore Tentative Specifications for Electrodeposited Coatings of Zinc on Steel 

Ta- Tentative Specifications for Electrodeposited Coatings of Cadmium 

hts on Steel 

wra- Tentative Specifications for Electrodeposited Coatings of Nickel 

tter I and Chromium on Steel 

—_ It was decided to recommend, subject to letter ballot approval of the 

rob- subcommittee, the approval as tentative of these three specifications as 

the appended hereto.!. These recommendations were submitted to letter ballot 

{ol & of the subcommittee which consists of 57 members, the results being 

gi & as follows: Specifications for Coatings of Zinc, 36 affirmative and 0 

‘arm & negative; Specifications for Coatings of Cadmium, 32 affirmative and 0 

ship fF negative; Specifications for Coatings of Nickel and Chromium, 28 affirm- 
ative and 1 negative. 

Tron In addition to the above projects, the following developments are 

ized expected in the near future: 

116- 1. Changes in the Standard Methods A 90 ~ 33 as Subcommittee VII 

ec: ® on Methods of Testing develops stripping methods for galvanized hard- 

121 ware and completes its studies of the Preece test. 

Rall 2. Preparation of specifications covering: 

ile to (a) The technique of preparing specimens for and determining by 

bably microscopic examination the thickness of electroplated 

ibject coatings. 

enta- (b) Stripping or “dropping” methods of finding the thickness of electro- 

plated coatings. 

voted __ 3. Revision of the Standard Specifications for Zinc-Coated (Galvan- 
zed) Sheets (A 93 — 27). 

Zinc: In view of the election of Mr. F. F. Farnsworth, former chairman of 


)- 30) & this subcommittee, to the chairmanship of Committee A-5, Mr. V. H. 


Veight Hammel has been elected to the chairmanship of this subcommittee in_ 


the 
= i Respectfully submitted on behalf of the subcommittee, 
V. F. Hamme, 
to the Chairman. 
ded 10 ‘See pp. 682, 684 and 686.—Eb. _ 


| 
| 
| 
an 


REPORT OF SUBCOMMITTEE VIII ON FIELD TESTS 
OF METALLIC COATINGS 


Subcommittee VIII has held one general meeting since the 1933 annual 
meeting of the Society. Progress has been made in its atmospheric test 
program and it is the intention of the present report to record this progress 


GALVANIZED SHEETS 


The Special Committee on Inspection of Galvanized Sheets has con- 
tinued the inspection of the tests at all five locations at regular intervals as 
indicated in previous reports. 

It will be recalled that the coatings on all of the galvanized sheets 
exposed on the Altoona test rack had failed locally and were reported in 
detail in the 1934 annual report.' The progressive development of rust 
on the zinc-coated sheets at this location is indicated by the curves oi 
Fig. 1 (a). All sheets coated with less than 2.00 oz. per sq. ft. of zinc are 
100 per cent rusted. The 2.00-0z. coatings are almost completely gone and 
the surfaces of the 2.50-0z. coatings are about 75 per cent rusted. 

All of the galvanized coatings on the Brunot Island (Pittsburgh), Pa. 
test rack have now failed locally, the last 2.50-0z. coating having failed in 
October, 1934, after 8.52 yr. The time at which initial failures were 
observed on the coatings exposed at Brunot Island are summarized it 
Table I. The progressive development of rust on the zinc-coated sheets a! 
Brunot Island is indicated by the curves of Fig. 1 (b). It will be seen that 
the 1.50-0z. coatings and the lighter classes are practically 100 per cent 
rusted. The 2.00-0z. coatings are more than 75 per cent rusted while th 
2.50-0z. coatings are less than 50 per cent rusted. 

At Sandy Hook, N. J., four of the 2.00-0z. coatings now show loci 
failure as indicated by rust spots, and four additional 1.50-0z. coatings sho" 
local failure (making a total of 17 in this class to date). At this location @! 
0.75-0z. coatings and all 1.25-0z. coatings have failed locally, but none 
the 2.50-0z. coatings have as yet failed. The time of initial failure of the 
coatings at this location is summarized to date in Table II. The progressiv¢ 
development of rust on the sheets at Sandy Hook is indicated by the curve 
of Fig. 1 (c). It will be seen that no coating class at this location is !0 
per cent rusted at the present time. 

On the State College, Pa., test rack, only one of the light-coated sheet 
has shown a rust spot and this has been noted in previous reports. 


1 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 159 (1934). 
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Fic, 1.— Progressive Development of Rust on Zinc-Coated Sheets. 
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On Fretp Tests oF METALLIC COATINGS 


The sheets exposed at Key West, Fla., were inspected on March 8, 1935, 
after 8.74 yr. It was found that none of the coatings had failed and 
that the appearance was similar to that described in the previous reports. 


TaBLE II.—ReEcorD OF COATING FaILuRES ON SANDY Hook, N. J., Test Rack 
SHEETS ExposeD May 20, 1926. 


Oo 
ae is 2 8 3 2 
P celas 
Ow | On | |Os |] | Ow 


No, 16 Gage, 2.50 oz. per sq. ft 10 
No, 22 Gage, 2.50 oz. per sq. ft 18 


seu 

4 
Bes | 3.03 years 


No. 22 Gage, 2.00 oz. per sq. ft 18 none | none | none | none | none | none | none 4 
No. 22 Gage, 1.50 oz. per sq. ft.| 18 none | none | none |} none | none 1 9 4 17 
No, 22 Gage, 1.25 oz. per sq. ft 18 || none | none | none 1 3 3 4 7 Sees 18 
No, 22 Gage, 0.75 oz. per sq. ft.| 14 |} none | 10 1 2 | none 1 ne vans 14 
No. 28 Gage, 0.75 oz. per sq. ft 10 | none 6 1 2 | none 1 te aes: 10 
106} none 16 2 5 3 6 7 16 8 ou 

Total Failures to Date..... a none 16 18 23 26 32 39 55 63 63 


“Columns representing intermediate inspections at which no new failures were observed have been omitted in this 
tabulation. 


6 figures shown in parentheses are not to be considered as final. 


I[].—TimeE IN YEARS FOR PERFORATIONS OF No. 22 GaGe, BLACK 
SHEETs. 
Average Chemical Composition 7 
Class of Materlal ; |8 [alg 
g esl esl og 
Sel sel Sel Se = ty 
R | Open-Hearth Iron....... 0011/0 | 4 03/4 27/3.62|5 94; 
V | Open-Hearth Iron....... 0018/0 053/0 005]0 | 4 |0.007%)2.27|4 27|3.62/4.93|— 
U | Open-Hearth Iron...... 0 106 | 4 {0 009%|2 27|3 62/5 .42|— 
N | Open-Hearth Iron. ...... 167|0.057 | |0 94, — 
T | Open-Hearth Iron....... 0.016|0. 157|0.007|0 .028|0 004|0.228|0.07 |0.004°|—|8 .52/3 62/6 — 
Y | Open-Hearth Steel...... 0 .028|0.346]0.067 0 as | 45|—— 
8 | Open-Hearth Steel. ..... 0 .040)0. 488]0 .006%}0.094 | 25|—13.62 — 
C | Open-Hearth Steel. ..... 0. 066/0.458]0 ——|—— 
K | Open-Hearth Steel...... 0.023 |0. 460|0 .066]0 .045|0 | }—-|——/4.58 
W | Wrought Iron........... 4 0.0033 


=~ in table represent sheets that have not failed as yet. The material has been under observation for 8 3 
© Average of determinations in one laboratory. 


Less than 0.003 per cent; results of one laboratory. : 
Less than 0.006 per cent; results of one laboratory. 


Nine of the twenty-four 0.75-0z. coated ene a slight “yellowing” 
at local spots. Five of these nine showed only a trace of “yellow” dis- 
coloration. The maximum area on any one sheet which had reached this 
condition was estimated at 5 per cent. 

Figure 2 shows a relationship between weight of coating and the time 
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at which rust appears on the zinc-coated sheets exposed at Brunot Island. oc 
A similar relationship was shown last year for the Alicona location. In Of 
Fig. 2, the effect of the weight of coating on the time required for the 
appearance of rust at Altoona is shown by a broken line for comparison 
with a similar relationship shown for Brunot Island. 
The results now available confirm the tentative conclusions published 
last year, namely, that at a given location the amount of protection is sub- 
stantially in accord with the weight of coating and that the same weight of 
coating gives quite different amounts of protection at different locations. 
6 
° 
19; 
a4 
she 
3 spe 
a not 
on. 
a7 of 
ce 
of ¢ 
£ 
A-5 
coa 
0 2 3 The 
met 
Average Weight of Coating, oz. per sq. ft of Sheet wad 
ane 
Fic. 2.—Relationship Between Weight of Coating and Time at Which Rust Appears 0 ¢ 
Specimens Exposed at Brunot Island (Pittsburgh), Pa. re 
(Altoona Relationship Shown for Reference, See Fig. 1, Proceedings, Am. Soc. Testing ful : 
Mats., Vol. 34, Part I, p. 162 (1934).) : assi: 
ha 
ry . Tu 
[he uncoated sheets have been inspected regularly along with the 
galvanized sheets. There was only one additional black sheet failure 
found during the year. This is recorded in Table III along with those of th 
which had previously been observed. thei 
CoaTED HARDWARE, STRUCTURAL SHAPES, TUBULAR Goons, ETC. 
A Special Committee on Inspection of Coated Hardware, Structural 
Shapes, Tubular Goods, etc., under the chairmanship of Mr. W. L. Maucher, ies 
has made several inspections during the past two years, the results of which +] 


le IV. These tables cover the following eight types af 


are shown in Tab 
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coating which were applied to the various shapes in 1928 by commercial 
operations: 

1. Hot-dipped zinc 

2. Electrodeposited zinc 

3. Sherardized (zinc) applied in gas-heated drum 

4. Sherardized (zinc) applied in electrically heated drum 

5. Electrodeposited cadmium 

6. Hot-dipped aluminum 

7. Hot-dipped lead (Amaloy) 

8. Parkerized 
It will be noted that four of these are zinc coatings representing as many | 
processes. 

The accompanying Table IV is an extension of Table VII of the 1933 
report! and Table V of the 1931 report? of Subcommittee VIII. In the 
1933 report,' the data available were summarized. ‘The present tabulation 
shows that in most cases the proportion of the exposed surface of the 
specimens covered with rust has increased. The additional rusting does 
not appear to have altered previous indications of the data. 


The question has been raised on occasion whether the weight of coating 
on certain items was known definitely and whether the commercial methods 
of coating as now practiced are not an improvement of commercial methods 
of coating as practiced in 1928 when the present test specimens were coated. 
In light of these two grounds for uncertainty, the Advisory Committee 
A-5 has authorized an extension of these tests on a limited number of shapes 
coated to definite weight-of-coating classes by a limited number of processes. 
The subcommittee was of the opinion in 1933 that the service given by a 
metallic coating, of zinc, for example, depended on the weight of coating 
and its uniformity rather than on the method by which it was applied. 
Greater knowledge of the weight of coating on the test specimens and care- 
ful selection of specimens to fall in definite weight-of-coating classes should 
assist materially in’ the interpretation of the broad range of data which 
have been accumulated from the first experiment on coated hardware, 
structural shapes, tubular goods, etc. 


This report of Subcommittee VIII has been submitted to letter ballot 
of the subcommittee, which consists of 42 members; 15 members returned 
their ballots, all of whom have voted affimatively 


Respectfully submitted on behalf of the subcommittee, _ 


R. F. PAssano, 


Chairman. 
, Proceedings, Am. Soc. Testing Mats., Vol. 33, Part I, p % (3980). 
Proceedings, Am. Soc. Testing Mats., Vol. 31, Part I, 3 (1931). 
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REPORT OF COMMITTEE 7 
ON be 
-MAGNETIC PROPERTIES 
Committee A-6 on Magnetic Properties held two meetings during the Te 
year at Society Headquarters in Philadelphia, Pa., on December 7, 1934, ter 
and on April 12, 1935. De 
Two new subcommittees have been appointed, namely, Subcommittee 
[IV on Tests of Electrical Sheet Having Pronounced Directional Properties the 
consisting of B. M. Smith, chairman, W. J. Shackelton, and R. L. Sanford; bal 
Subcommittee V on Core Loss Tests of Electrical Sheet at High Inductions, 
B. M. Smith, chairman, C. W. Rust, and P. H. Dike. 
Mr. Andrew Pinkerton, after many years of service on the committee, 
has resigned and the appointment of Mr. O. E. Romig of the American Sheet = 
and Tin Plate Co. was approved. Mr. Kenneth Metcalfe of the Crucible Meth 
Steel Co. was appointed to succeed Mr. F. H. Allison, Jr., who has resigned 7 
due to a change of occupation. Mr. J. P. Barton of the Empire Sheet and 
Tin Plate Co. has been reappointed a member of the committee. 
RECOMMENDATIONS AFFECTING STANDARDS 
Standard Methods of Test for Magnetic Properties of Iron and Steel chai 
(A 34~-33).\—Several proposed additions and a few changes in these with 
methods have been prepared. The committee recommends that these the 
modifications which are appended hereto? be published as tentative revisions May 
of the Standard Methods A 34. ‘The changes include a modification of Br 
Section 2 in order to make provision for the testing of sheet material having beer 
preferred magnetic properties with reference to the direction of rolling defir 
Provision is also being made for the use of two more permeameters for high Mag 
magnetization testing of normal induction and hysteresis. These include B gre 
the simplex super-H adapter and the saturation permeameter both suitable | 
for tests at magnetizing forces between 100 and 2500 oersteds. A modifi Sanf 
cation in Section 5 of the methods is also proposed in order to take care! B 'sts 
the testing of some of the new very high coercive force permanent magnet low j 
steels. very 
Standard Definitions of Terms, with Units and Symbols, Relating " decr 
Magnetic Testing (A 127 34).3—The committee has prepared several nev 
en 


of 8 1934 Supplement to Book of A.S.T.M. Standards, p. 69. 
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definitions and revisions in the definitions of a number of the terms included 
in the Standard Definitions A 127. These include new definitions for 
“intrinsic induction curve,” ‘‘magnetician,”’ and “normal induction curve’”’; 
and revised definitions for ‘oersted,” “coercive force,’ “coercivity,” 
“ferromagnetic material,” ‘magnetic induction,” ‘magnetizing force,” 
“normal induction,” “permeability,” and ‘“retentivity.”” The committee 
believes that these should be issued as tentative. These new and revised 
terms have accordingly been incorporated in the proposed Tentative 
Definitions of Terms, with Units and Symbols, Relating to Magnetic 


the Testing, appended hereto,' which are recommended for publication as 
934, tentative to supersede when adopted as standard the present Standard 
Definitions A 127 — 34. 
ittee The above recommendations have been submitted to letter ballot of 
rties the committee, which consists of 17 members; 15 members returned their 
ford; ballots, the results being as follows: 
ions, 
Ballots 
Items Affirm- | Neg- |Marked 
ittee, ative | ative | “Not, 
Provosep Revision OF STANDARDS 
icible Methods of Test for Magnetic Properties of Iron and Steel (A 34 - 33)... aor 15 0 0 
A d Definitions of Terms, with Units and Symbols, Relating to Magnetic Testing (A 127-34)..... 15 0 0 
igne 
and 
4 SUBCOMMITTEE ACTIVITIES 
. Subcommittee IT on Nomenclature and Definitions (W. J. Shackelton, 
Steel chairman).—As a result of a number of suggestions received both from 
these within and outside of the committee, a number of changes and additions to 
these the Standard Definitions of Terms, with Units and Symbols, Relating to 
visions Magnetic Testing (A 127 — 34) adopted last year, have been recommended 
ion of & 'r publication as tentative as appended hereto.! These changes have 
ving been, in general, directed toward simplification and clarification. ‘The 
avil, 
rolling & ‘cfnitions given at the beginning of the Standard Methods of Test for 
or high Magnetic Properties of Iron and Steel (A 34 — 33) are also to be changed to 
include B Stee with those in the complete list of definitions in A 127. 
suitable Subcommittee IT on Alternating Current Tests at Low Inductions (R. L. 
suit § 
modifi: Sanford, chairman).- Shortly after the development ,of the low-induction 
reol ‘sts, it was noted that after demagnetization the magnetic properties at 
magnet ow inductions of various kinds of commercial magnetic materials changed 
very consicerably, these changes being quite rapid at first and gradually 
ating "0 decreasing in rate. Many hours were required for stabilization. A second 
aling > 
ral nev “Magnetizing treatment would result in a repetition of the phenomena. 
Ta 


Pending a better understanding of these effects, it is proposed simply to 
i 


See p. 726.—Ep. 
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call attention to them, with the understanding that when sufficient informa- 
tion becomes available definite test procedure will be specified to cover this 
source of uncertainty. 

Subcommittee IIT on Tests at High Magnetizing Forces (L. E. Howard, 
chairman).—-With the advent of several new permanent magnet materials 
having coercive forces of several hundred oersteds the present requirements 
for testing became inadequate. ‘The subcommittee is making extensive 
studies of various test methods by means of round-robin tests on carefully 
prepared bars of these materials, with the object of developing new test 
devices and determining the limitations of existing ones. In order to 
provide immediate means of test two permeameters suitable for operation 
up to 2500 oersteds or higher are offered as mentioned earlier in this report, 


namely, the saturation permeameter and Fahy’s new simplex super-H Rel 
adapter to be used with the simplex permeameter. wt 

Subcommitlee IV on Tests of Electrical Sheet Having Pronounced Direc- - 
tional Properties (B. M. Smith, chairman).—Electrical sheet material wie 
having very much better magnetic properties in the direction of sheet rolling _ 
and very much poorer properties at right angles than ordinary commercial Met 
sheet, is becoming available commercially. For these materials, obviously, ‘ P 
the 50-50 Epstein sample is unsuitable since this material must be used with — 
the flux approximately parallel to the direction of sheet rolling. Accordingly I 
an addition to the methods of testing has been recommended, as mentioned § © atl 
earlier in this report, permitting the use of the parallel sample only for this _ 
class of material. At a later time the methods may be made more definite ie 
with reference not only to direction of grain but also to test inductions. Tub 

Subcommittee V on Core Loss Tests of Electrical Sheet at High Inductions : 
(B. M. Smith, chairman).—It has been shown by the chairman of this f , Pm 
subcommittee that the standard test for core losses at 14 kilogausses does ee " 
not always class materials correctly if they are to be used at 15 kilogausses Come 
or higher. ‘This may be due to scale or other causes. It is proposed, tis « 
therefore, that a higher induction test be adopted. Opposition to this me 
suggestion is based on the difficulty of making accurate tests at the higher ar ‘ 
inductions. It is the purpose of this subcommittee to make round-robin t be 
tests of Epstein samples in various commercial laboratories to determin 
the amount of variation to be expected and on the basis of the results! 
offer recommendations with reference to increasing the testing inductions P, 

This report has been submitted to letter ballot of the committee which licatiog 
consists of 17 members; 15 members returned their ballots, all of whom Pr 
have voted affirmatively. 

Respectfully submitted on behalf of the committee, 

THOMAS SPOONER, 
R. L. SANForD, Chairman. 
Secretary. 
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sive ON 
i IRON-CHROMIUM, IRON-CHROMIUM-NICKEL AND 
RELATED ALLOYS 
Committee A-10 on Iron-Chromium, Iron-Chromium-Nickel and 
port, Ft Related Alloys has held one meeting during the year, in Philadelphia, Pa., 
eH on March 7, 1935, during the Spring Group Meetings of A.S.T.M. Com- 
; mittees. Several changes in committee personnel have occurred resulting 
we ina present membership of 63, of whom 26 are classed as producer, 28 as 
terial consumer, and 9 as general interest members. 
ling Mr. W. R. Huey resigned the chairmanship of Subcommittee IV on 
ercial Methods of Corrosion Testing and Mr. E. S. Taylerson has been selected 
= to succeed him. 
=. The committee records with deep regret the death of Dr. John A. 
a Mathews, who was always keenly interested in its work and took a 
“nr prominent part in its discussions. 
? te The committee has under consideration the organization of a new 
< ‘ubcommittee to be designated Subcommittee XI on Specifications for 
ant Tubular Products. 
- At the meeting of the committee held in Washington, D. C., on March 
of 7 1, 1934, it was decided to hold a round-table discussion on the fabrication 
hee and performance of alloys falling within the scope of Committee A-10. 
> pr Commercial developments in certain classes of service made the success of 
a this discussion very problematical so that this objective could not be 
pore attained. It was decided at the meeting in Philadelphia, however, that 
d-robit ‘uch a program would be possible in 1936 and arrangements for it are 
to be made. 
sults 10 RECOMMENDATIONS AFFECTING STANDARDS 
uctions _ Proposed Tentative Standards—The committee recommends for pub- 
e which ff ‘ication as tentative the following four specifications, as appended hereto: 
Proposed Tentative Specifications for: 
Corrosion-Resisting Chromium-Nickel Steels (Sheet, Strip and Plate)! 
12 per cent Chromium Steel Castingst 
> 19 per cent Chromium Steel Castings? 
ER, 28 per cent Chromium Steel Castings' 
‘See pp. 667, 623, 627, and 631.—Eb. 
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The recommendations appearing in this report have been submitted t 
letter ballot of the committee, which consists of 63 members; 37 members 
returned their ballots, the results being as follows: 
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Ballots 

Items Affirm- | Neg- | Marked 

ative ative | “Not 

Oting 

Proposep TENTATIVE STANDARDS 

Specifications for Corrosion-Resisting Chromium-Nickel Steels (Sheet, Strip and Plate) ....... 31 1 4 
Specifications for 12 per cent Chromium Steel Castings... 31 2 4 
Specifications for 19 per cent Chromium Steel 31 2 4 
Specifications for 28 per cent Chromium Steel Castings.......... eee 32 2 3 


ACTIVITIES OF SUBCOMMITTEES 

Subcommittee I on Classification of Data (T. H. Nelson, chairman).— 
This subcommittee, which is assembling accepted data on chemical, phys- 
cal, mechanical and fabricating properties of chromium and chromium. 
nickel steels, has made progress both in respect to the accumulation of the 
data and the form in which it may be most concisely and economically 
presented. The data are not yet sufficiently complete for presentation to 
Committee A-10. 
Subcommittee III on Methods of Chemical Analysis (F. B. Foley. 
chairman).--At the June, 1933, meeting of Committee A-10, Mr. Fole 
discussed the advisability of consolidating methods of chemical analysis « 
metals in one committee of the Society, which would replace the present 
subcommittees on chemical analysis that are now organized under tht 
individual standing committees. Similar discussions have taken place 
other committees and it is planned that an organization meeting of the net 
standing committee on Chemical Analysis of Metals be held during th 
current annual meeting of the Society. As soon as the new committe 
begins to function Subcommittee III will be disbanded. 
Subcommittee IV on Methods of Corrosion Testing._-The program © 
tests outlined in the 1934 report! of Committee A-10 has been develope 
further, particularly in the direction of undertaking atmospheric exposu! 
tests in conjunction with the laboratory tests on the several materi: 
available to this subcommittee. No actual work on this new program! 
been undertaken. 
Subcommittee V on Mechanical Testing (C. A. Scharschu, chairman). 
A complete program for the study of the elastic properties of the 18 per 
chromium, 8 per cent nickel types of steel in various states of heat treatm 
and cold working has been outlined and the task of preparing the mate 
has begun. 

Subcommittee VI on Metallography (C. E. MacQuigg, chairman).—!! 
subcommittee is at present engaged in studying the electrolytic method 


! Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 190 (1934). 
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ed te 
ac etching as applied particularly to the nickel-chromium steels for the detec- 
| tion of a second phase (generally assumed to be a chromium-rich carbide). 
The subcommittee has not thus far had sufficient agreement in its work to 


propose a recommended procedure. 


Ballots 
Marked 


“a Subcommittee VIT on Welding ( (F. B. Olcott, chairman).—This sub- 
—-f committee held a meeting in March and considered a draft of proposed 
, specifications for welded austenitic steel which had been somewhat revised 
: during the year owing to certain developments in this field. The specifi- 
3 cations will be further considered by the members of the subcommittee with 
the view of arriving at more definite conclusions at the time of the next 
meeting, which will be held in June. There are so many ramifications to 
an).— — the development of the welding of this type of alloy that the subcommittee 
phys § can only report progress at this time. 
mium- Subcommittee VIII on Specifications for Wrought Products (¥. B. 
of the § Foley, chairman).—The subcommittee has been working in very close 
mically § association with the Technical Group of the Stainless Steel Producers and 
tion  — expects shortly to be in a position to prepare specifications for some of the 
types of products falling within its jurisdiction. 

Foley, Subcommittee IX on Specifications for Flat Products (C. C. Snyder, 
Foley chairman).—This subcommittee has been engaged during the past year in 
lysis devising specifications to cover the various corrosion- -resisting ferrous 
preset! ® alloys in the form of flat products. Originally it was the intention of the 
der th: subcommittee to combine all the various types into a single specification. 
place "B Discussion at the March meeting, however, disclosed the opinion that it 
the ne" ® vould perhaps be better to divide the specifications into two parts, one 
ring th covering the chromium-nickel steels, and the other, the straight chromium 
mmitt® steels. There will be a third specification for high tensile strength materials 

— ‘hich at the present time would include only the chromium-nickel steels. 
gram “® The first of these specifications, namely, the proposed ‘Tentative Specifi- 
evelope' cations for Corrosion- Resisting Chromium-Nickel Steels (Sheet, Strip and 
exposul Plate) has been completed and is being presented for publication as tenta- 
mater tive, as appended hereto.2 
gram he Subcommitiee X on Specifications for Castings (W. J. Jeffries, chair- 
_— =™an).—This subcommittee has prepared three specifications dealing with 
mul tastings of the plain chromium steels, namely, proposed Tentative Specifi- 
abi wi cations for 12 per cent Chromium Steel C astings, for 19 per cent Chromium 
ne ‘eel Castings, and for 28 per cent Chromium Steel Castings, which are 
e maten being presented for publication as tentative, as appended hereto. Addi- 

_ti tional specifications for the various chromium-nickel cast steels are in 
chad Process of formulation and it is hoped that at least two of them will be 


Editorial ote, p. 110.—Ep. 


pp. 6 603, and 631.—Ep. 
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prepared in time for presentation to the Society through Committee E-10 
on Standards subsequent to the annual meeting.! 


This report has been submitted to letter ballot of the committee, which 
consists of 63 members; 37 members returned their ballots, of whom 3; 
have voted affirmatively and none negatively. 

Respectfully submitted on behalf of the committee, 

JEROME STRAUSS, 


H. D. NEWELL, Chairman. 


Secretary. 


See Editorial Note, below.—Ep. 
EpIroRIAL Note 


Subsequent to the annual meeting Committee A-10 on Iron-Chromium, Iron- 
Chromium-Nickel and Related Alloys presented to the Society on August 22, 1935, 
through Committee E-10 on Standards the following additional proposed tentative 
specifications: 

Proposed Tentative Specifications for: 

24 per cent Chromium, 12 per cent Nickel Alloy Steel Castings. 
25 per cent Chromium, 20 per cent Nickel Alloy Steel Castings. 
28 per cent Chromium, 9 per cent Nickel Alloy Steel Castings. 
20 per cent Nickel, 9 per cent Chromium Alloy Steel Castings. 


35 per cent Nickel, 15 per cent Chromium Alloy Steel Castings. 
Corrosion-Resisting Chromium Steels (Sheet, Strip and Plate). 
High-Strength Corrosion-Resisting Chromium-Nickel Steels (Sheet ani 
Strip). 
The above specifications were accepted by Committee E-10 and appear respet 
tively on pp. 635 to 681, inclusive. 
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REPORT OF THE RESEARCH COMMITTEE 
ON 
FATIGUE OF METALS 


The Research Committee on Fatigue of Metals has held one meeting 
this year during the Spring Group Meeting of A.S.T.M. Committees in 
March at Philadelphia. The activities of the committee during the year 


: are summarized in this report: 


), 1935, Cooperation with Committee E-4 on Metallography.—The committee 

ntative — has been cooperating with Subcommittee VI on X-ray Methods of the 
AS.T.M. Committee E-4 on Metallography. The following progress report 
has been submitted by R. F. Mehl representing Committee E-4, and R. L. 
Templin representing the Research Committee: 


THe X-Ray AS A MEANS OF DETECTING IMPENDING FATIGUE FAILURE _ 


A study of the possibilities of detecting damage to metallic materials by repeated 
stresses and thus predicting when a material is about to fail in fatigue is in progress 
at the Carnegie Institute of Technology. In this work specimens of an aluminum 
alloy and of structural silicon steel have been examined. 

The aluminum alloy shows no detectable widening of the Debye Lines as a result 
r respet {repeated stressing. If subsequent measurements of the photograms should prove 

idening of these lines to occur, the widening will be so small as to offer no hope 
for a practical method of detecting impending fatigue failure. 

In the case of the structural silicon stressing repeatedly at, or slightly below, 
the endurance limit for 81 million cycles appears to widen the Debye Lines, but the 
efect is small and microphotometer measurements are required to prove it definitely. 
This widening is, however, probably only an indication of the beneficial cold-working 
which occurs when a material is stressed below, or at least not above, its endurance 
limit. 

Line widening has thus proved quite insensitive as a measure of the progress of 
fatigue, and it has been shown that the peripheral widening of defraction spots on 
a Stationary film (which is equivalent to asterism on a photogram taken with white 
radiation) i is quite a sensitive method and bears considerable promise as an indication 

ot the fatigue process in ferrous alloys. On aluminum alloys, however, there is only 
4 very small effect. In steels the sensitivity is greater the lower the carbon content. 

is work has not yet progressed far enough to draw any conclusions concerning 
the meaning of the results. 


Cooperation with ‘Metals and Alloys.””—The Research Committee has 
Continued its cooperation with Metals and Alloys in preparing abstracts 
of articles dealing with fatigue of metals and in planning and preparing 


critical abstracts on this subject. 
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Notes on the Technique of Fatigue Tests.—As this committee is a research 
committee, and is not balanced at all between producers and consumers, 
it has not formulated standards. However, it is within its province to 
publish recommended practices or notes on methods of testing. Such a 
set of notes has been prepared in connection with the commonest fatigue 
test in use, namely, the test in which a rotating-beam testing machine is 
used. These notes are appended to this report. 

Problems Discussed by the Committee—The problem of the fatigue J N( 
strength of steel-core copper-coated wires (copperweld) was presented at 
the March meeting of the committee, and suggestions were made for the 
investigation of the problem which is of interest in connection with the 
mechanical strength of electric transmission lines. stre 

:xperiments on determining the damage done to metal by occasional rot: 
heavy overstress were reported, following the “damage line” method of § luti 
H. J. French.!' This method of investigation gives promise of usefulness test 
in the very important problem of determining how sensitive a metal is to 
_ damage under occasional overload. ‘This is, perhaps, fully as important as 
the problem of the strength of a metal under ordinary working stresses. 

New types of testing machines for fatigue testing were discussed, J act; 
especially machines for testing wire. The machines of Shelton and Swanger’ gym 
of De Forest,’ and the British machine of Professor Haigh* of Greenwich J ang 
were mentioned and also a scheme for fatigue testing of wire mentioned by J mop 


4 
-R. R. Moore. unif 
| ve 
Respectfully submitted on behalf of the committee, . negl 
H. F. Moore, over 
Chairman. set 
"Transactions, Am. Soc. for Metals, Vol. XXI. No. 10, p. 899, October, 1933. attac 


2 National Bureau of Standards Journal of Research, Vol. 14, January, 1935. : 

3A. V. de Forest and L. W. Hopkins, “The Testing of Rope Wire and Wire Rope,’ Proceedings, Am. Sx Ccauty 
Testing Mats., Vol. 32, Part II, p. 398 (1932). 

4 Engineering (London), Vol. CXX XVIII, No. 3578, p. 139 (August 10, 1934). redui 
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NOTES ON FATIGUE TESTS ON ROTATING-BEAM TESTING 
MACHINES 
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Purpose of Notes.—At the present time the commonest test for fatigue 
strength of metals is the rotating-beam test, in which a transverse load on a 
rotating specimen sets up a cycle of reversed flexural stress for every revo- 
lution of the specimen. ‘These notes cover tests made on rotating-beam 
testing machines either of the centrally loaded or the cantilever type. _ 
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TESTING MACHINES AND SPECIMENS 


eS. The fatigue testing machine shown in Fig. 1 uses a specimen which 
ussed, B acts as a simple beam (no restraint at end supports), loaded at two points 
unger, § symmetrically spaced between the end supports in the manner indicated, 
enwich fF and it is rotated while under load. From an examination of the bending 


ned by fF moment diagram of such a beam it is evident that the bending moment is 


uniform between the load points. If the cross-section of the specimen 
were uniform between these load points then the stress in the specimen, 
neglecting the concentrations of stress at the load points, would be uniform 
over the middle portion of the specimen. Due to the concentration of stress 
set up by the clamping collets at the points where the load hangers are 
attached, however, the specimen will break there prematurely unless pre- 
cautions are taken to prevent this. This difficulty is overcome by gradually 
reducing the cross-section of the test specimen between the load points as 
isindicated in Fig. 1 and again in the detail of the test specimen as shown 
in Fig.4. In making this reduction it is very important that the transition 
from the large to the small cross-section be very gradual, as small radii or 
illets will influence the location and time of the failure due to concentrated 
‘tresses. Experience has shown that specimens made to the form of Fig. 4, 
which indicates a large radius of curvature in the reduced section, will be 
free from appreciable stress concentration. The actual stress at the mini- 
mum section of a specimen, as shown, checks very well with the value 
alculated by means of the common flexural formula. It is suggested that 
the radius (Figs. 4, 5 and 6) be not less than six times the minimum 
diameter of specimen. 

It should be noted particularly that in this type of test the stress is 
hot uniformly distributed over the cross-section of the specimen, but varies 

PI» (113) 
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from a maximum at the outer fibers to zero at the neutral axis. The fibers 
at the top of the specimen are in compression and the fibers at the bottom 
are in tension. When the specimen is rotated one-half revolution this con- 
dition is reversed; the fibers that were in tension now are in compression 
and vice versa. ‘Thus, with each revolution the specimen is subject to a 
complete cycle of reversed stress from tension to compression. 
In the machine shown in Fig. 2, the portions of the specimen between 
the load points and the end supports are replaced by two spindles. The 


7 


Fic. 1.—Long-Specimen Rotating-Beam Fatigue Machine. (Sondericker or Farmer Type 


AA 


_ Fic. 2.—Short-Specimen Rotating-Beam Fatigue Machine. . R. Moore.) 


: test specimen is of sufficient length to extend between the load points 
This scheme has been used in ball-bearing type machines and also in é 
plain bearing type machine as shown in Fig. 2. It is evident that the cor 
ditions of stress developed in the specimen are the same as described fo! 

_ the long specimen type, namely, a complete cyclical reversal of flexural stres 

The test specimen for this short-specimen machine is shown in Fig. 5 
and it will be noted that the minimum radius of curvature at the reduce’ 
section should be not less than that suggested for the long specimen. 
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‘The short-specimen type of machine possesses several advantages over 


the long-specimen type. In the short-specimen machine the moment arms 


‘distance from end supports to load points) are accurately and permanently 


fixed when the machine is built, and remain constant regardless of shape 
or size of specimen. In the long-specimen machine the moment arm is 


reset for every specimen placed in the machine, with consequent possi- 
bility of error in the assumed length of arm. When it is desired to cut 
fatigue specimens from machine or structural parts it is frequently impos- 
ible to obtain a long specimen. When testing soft metals, such as aluminum 
or magnesium, it is difficult to machine a long specimen without bending it, 
and difficult to place it in the testing machine without bending or otherwise 
distorting it. 


Moh 
— 
Specimen 
“Counter 
\) 
L 
Spring 
Weights 

Fic, 3.—Cantilever Type Fatigue Testing Machine. 


The fatigue testing machine shown in Fig. 3 is of the cantilever type. 
In this machine the bending moment on any given cross-section of the 
specimen varies directly as the distance of the cross-section from the point 
of support of the weights hung on the specimen. The bending moment is 
amaximum at the jaws of the chuck which holds the specimen. An advan- 
tage of the cantilever type of machine is that it has but three bearings, and 
that a simple specimen may be used. 

Figure 6 shows a type of specimen suitable for use in a cantilever 
testing machine. Although the bending moment varies along the specimen 
‘tom weights to chuck, it is possible by tapering the specimen, of by turning 
own the reduced section on a large radius (see Fig. 6), to keep the extreme 
iber stress within a range of 1 per cent for an appreciable length along the 

‘pecimen. In Fig. 6 the _— of this region of slight variation in fiber ~ 


| 

= | 

| 
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Comparative fatigue tests on centrally-loaded machines and on canti- 
lever machines indicate that for the common structural metals the endurance 
limit determined does not depend to any appreciable extent on the type of 
testing machine.! 


a“ 
'-0,400 A '----0.270" B 
Finish all over; Polish trom Ato B 
Fic. 4.—Test Specimen for Long-Specimen Rotating-Beam Machine. (H.'F. Moore.) 


A 
0.480 


1" 
0.010" Rod 


Taper “per ft. 


Af Drill No.9 (0.196")/ 
included angle \ Depth 4° 


20 U.5.F. 
Depth % 
2 Holes 
1G. 5.—Test Specimen for Short-Specimen Rotating-Beam Machine. (R. R. Moore.) 


005" Length over which 
Bearing Stress varies /percent 
diam. 


roo 


poms 


1 
: 
} 


4 


L=5§"--------------- Driving 
Chuck 


Fic. 6.—Specimen for Cantilever Type Testing Machine. 


Speed and Vibration of Testing Machine.—Evidently the time require: 
to determine endurance limit may be shortened by using high-speed testis 
machines. However, this raises the question of the effect of speed of testing 
on endurance limit. In general, test data available today indicates that 


1G. N. Krouse, “‘A High-Speed Fatigue Testing Machine and Some Tests of Speed Effect on 
Limit,” Proceedings, Am. Soc. Testing Mats., Vol. 34, Part II, p. 156 (1934). 


116 Report OF RESEARCH Co-MITTEE (APPENDIX) 
stre 
for 
sho 
No 
| ' “ shor 
Q they 
" 
r=, Se @ 
+.003"! 
om | Rad 
weig 
ing } 
tool 
| the « 
or te 
in 
met 
tivel 
Tunn 
| espe 


unti- 
ance 
of 


ore 


[oore. 


NOTES ON FATIGUE TESTS ON ROTATING-BEAM MACHINES 


speed effect for small specimens is not appreciable between 200 cycles of 
stress per minute and 5000 cycles of stress per minute, and is not very great 
for 10,000 cycles per ininute.! 

It is important that in a rotating-beam testing machine the specimen 
should run smoothly in order to avoid inertia stresses in the specimen. 
No general quantitative rules for allowable vibration are suggested, but it 
should be kept as low as possible. In Figs. 1, 2, and 3 the weights hung on 
the specimen are suspended by coiled springs. If these weights vibrate as 
they hang free, their vibration can usually be stopped by using the dead 


Specimen. 


Counter 


"-“Yock Nut 


---Weights 
(removed) 


Fic. 7.—Loading Rig to Minimize Vibration of Specimen. (Templin) 


weights to apply the load, and by maintaining the load by means of adjust- 
ing nuts on a threaded rod as shown in Fig. 7. 

Machining and Finish of Specimens.—The presence of scratches or 
tool marks on fatigue specimens produces stress concentration and affects 
the determination of endurance limit appreciably. Circumferential scratches 
or tool marks are more injurious than are longitudinal ones. It is important 
in the preliminary machining of specimens, especially specimens of soft 
metals, that the machining should be done with a sharp tool, using a rela- 
tively light cut and slow speed, or with a grinding wheel which is kept 
funning cool. Contoured tools used to finish specimens to shape are 
specially likely to damage the surface. 


cpulletin 136, p. 58, Engineering Experiment Station, University of Illinois, Urbana, III. 
Limit . Krouse, “A High-S ed Fatigue Testing Machine and Some Tests of Speed Effect on Endurance 
Proceedings, Am. Soc. Tes ‘esting Mats., Vol. 34, Part II, p. 159 (1934). 
Urbana list of in Bulletin Station, of Illinois, 
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‘The final finish of the reduced-diameter part of the specimen should 
be such that no circumferential scratches can be seen by the unaided eye. 
For producing the final finish No. 00 emery cloth is satisfactory for some 
metals. No. 000 Manning paper is preferable for others, and for a very 
fine finish No. 65 levigated alumina may be used. Polishing is best done 
by moving the abrasive in a direction parallel to the axis of the specimen 
rather than at right angles to that axis, in order that circumferential 
scratches may be minimized. The specimen may be slowly rotated during 


the polishing. 


The minimum diameter of the specimen may be measured with a 
-round-nose micrometer, a traveling microscope with micrometer eyepiece, 
or other instrument having a sensitivity of 0.5 per cent of the diameter 
-measured.' 

It is desirable to have at least six specimens for the determination oj 
endurance limit of a metal. ‘The endurance limit may be roughly estimated 
_ from tensile strength or Brinell hardness number, and the first specimen 
put into the machine with a load on it which will set up a stress well above 
the estimated endurance limit. The load to produce a given stress is 
calculated from the formulas: 


for specimen as per Fig. 1 or Fig. 


or We= Cy for specimen as per Fig. 3 


_where, W = the load on the specimen in pounds (including weight of parts 
of machine), 


S = the nominal extreme fiber stress in pounds per square inch, 

L = the moment arm in inches (distance from end support to loa’ 
point), and 

d = the minimum diameter of specimen, in inches. 


After the first specimen has fractured the other specimens are the’ 
tested at successively lower stresses until a specimen “‘runs out”’ to som 
j arbitrarily chosen number of cycles of stress without fracture. This numbe 
_ of cycles of stress may usually be taken as 10,000,000 cycles for ferro 

metals, while for non-ferrous metals a larger number is usually necessar) 
running as high as 500,000,000 cycles for certain non-ferrous alloys. 
determining an endurance limit at least one specimen should “run ‘ 
without fracture to the arbitrarily chosen number of cycles. 

It has been found that applying repeaied cycles of stress below ! 

q endurance limit of a metal increases its resistance to fracture by itt 


1 The use el a round-nose micrometer may cause appreciable abrasion of the surface of a specimen 0 of 
metal. A sensitivity of micrometer of 0.2 per cent of the diameter of spe cimen is is de anaes when feasible 
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yuld stress. Hence, the practice of running a specimen for a large number of 
eye. times at a low stress, then increasing the load a little and again subjecting 
ome § it toa large number of cycles of stress, and keeping up this procedure until 
very the specimens finally breaks, does not locate the endurance limit at all accu- 
Jone rately. ‘The understressing strengthens the metal, and the fracture occurs 
men §— atastress higher than the endurance limit of the virgin metal. 
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nch, . Fic. 8.—Typical S-N (Stress-Cycle) Diagrams for Fatigue Tests. _ 


to 


Recording and Plotting Data of Rotating-Beam Fatigue Tests.—It is sug- 


gested that the test data recorded for a rotating-beam fatigue test include 


the following: 


to some - As complete a description of material as possible. 
saul 2. Type of testing machine used. 
, ferrots - Number of cycles of stress per minute. 
scessaty - Type and nominal dimensions of specimen. 
- For each specimen tested: 
un out’ ( a) Measured diameter of specimen. 
(b) Calculated extreme fiber stress. 
= (c) Number of cycles withstood. 
(d) Location and distinguishing characteristics of fracture. 
6. Endurance limit. 
scimen of 


i easible 7. Number of cycles of stress on which endurance limit is based. 
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It is suggested that the test data be plotted to semi-logarithmic coor. 
_ dinates as shown in Fig. 8. Such diagrams as are shown in Fig. 8 are known 
_as “‘stress-cycle” or “S-N” diagrams. 

The Determination of Endurance Limit from an S-N Diagram.—In the 

S-N diagram, Metal “A” in Fig. 8, the determination of endurance limit 
is simple. The diagram has become horizontal, and the ordinate of the 
_ horizontal portion gives the endurance limit directly, 42,000 lb. per sq. in. 

In the S-N diagram, Metal “B” in Fig. 8, the diagram has not become 
horizontal and a value of endurance limit may be reported as the limit 
for a definite number of cycles. In the case of Metal “B” it would he 
reported as 24,500 lb. per sq. in. for 100,000,000 cycles of stress. 

It should be noted that the point for a test in which the specimen did 
not fracture is not necessarily a point on the S-N diagram; it is a point 

on or below the diagram. 

In the case of tests of metals that do not give an S-N diagram which 
becomes horizontal the following method of estimating endurance limit 
_ may be useful. ‘Take one or more specimens which have ‘“‘run out”’ without 

fracture and “step up”’ the load to give a stress which will cause fracture 

(specimens ‘‘K” and “L,” Fig. 8). Then at the raised stress plot the 

. number of cycles at the higher stress necessary to cause fracture. If this 

number of cycles is well to the right of the S-N diagram the stress at which 

- the specimen was originally run (as in the case for ““K”’) then there is 

evidence that the million of cycles previously applied increased the endur- 

ance of the metal, and hence the stress first applied to ‘“K” (22,000 lb. 

per sq. in.) is below the endurance limit of the virgin metal. If the number 

of cycles at the higher stress is to the left of the S-N diagram (as is the case 

. for “L”’) then there is evidence that the millions of cycles previously 

applied decreased the endurance of the metal, and hence the stress first 

applied to ‘L” (26,000 Ib. per sq. in.) is above the endurance limit of the 

_ virgin metal. Thus some evidence is given that the value of the endurance 

limit for Metal ““B” in Fig. 8 lies between 22,000 lb. per sq. in. and 26,000 


lb. per sq. in. 
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REPORT OF JOINT RESEARCH COMMITTEE 
EFFECT OF TEMPERATURE ON THE PROPERTIES 

n did OF METALS 

point 

-PROGRESS REPORT TO THE SPONSOR SOCIETIES 

which 

limit This report presents briefly a review of the activities of the Joint 
ithout Research Committee for the year ending June, 1935. 
acture 
ot the Meetings: 
If this Two meetings were held, one at Atlantic City, N. J., in June, 1934, 


which — ®d one at New York City, in December, 1934. Meetings of subcom- 
here is |} mittees were also held, as required, throughout the year. 


= Membership: 

ont The Joint Committee records with deep regret the loss of one of its 

* me most valued members, John A. Mathews, who died suddenly on January 
il, 1935. 

viously 

first Finances: 

t of the During the cities wine 1934, an additional contribution of $3000 

duranct to the Joint Committee’s funds was received from Engineering Foundation, 

1 26,00 which has made it possible to continue sponsorship of researches at the 


Battelle Memorial Institute during the year 1935. Procurement of addi- 
tional funds for the sponsored researches of the Joint Committee is in the 
hands of a newly organized Committee II on Finances, the chairmanship 
of which has been accepted by R. A. Bull. 


High Temperature Test Methods ( Special Committee, N. L. Mochel, chair- 
man): 

Subsequent to the June meeting, as mentioned in the report last year, 

the Joint Committee presented through the A.S.T.M. Committee E-10 
on Standards, revisions of the Tentative Method of Test for Short-Time 
High-Temperature Tension Tests of Metallic Materials (E 21-33 T) and 
{the Tentative Method of Test for Long-Time (Creep) High-Temperature 


(121) 
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Tension ‘Tests of Metallic Materials (E 22-33 T). The revised methods 
were accepted for publication as tentative by Committee E-10' and appear 
in the 1934 Proceedings.” 

The Tentative Methods E 21 and E 22 have been further reviewed 
during the past year by the Special Committee composed of F. E. Bash, 
H. C. Cross, P. E. McKinney, E. L. Robinson, A. E. White and N. L. 
Mochel. No changes are being recommended at this time in Tentative 


Method E 21, but since there are several features of this method now under . 
- consideration it is recommended that it be continued as tentative in its " 
present form. 
Further changes and additions appear desirable, however, in Tentative Jo 
- Method E 22 in line with the revisions made last year. The action taken 
_ last year was to make, as the objective or specific purpose of the method, : 
_ the creation of reliable “‘time-creep” curves, and to transfer to an appendix | 
{ all matters pertaining to evaluation or interpretation. It was intended, § (9 
‘ last year, to transfer Section 12 (d) and the last item of Section 12 (¢) to 
{ the appendix but due to an oversight they were allowed to remain. Recom- fF 4 
mendation is now made for their transfer as stated below. pas 
Last year, Fig. 1 (b) was added to the method, approving the use oi 
longer test specimens. A change is recommended at this time dealing with Spe 
allowable variations of temperature over the gage length of various length: F ja. 
of specimens. lah 
In keeping with the plan adopted in 1934, a carefully prepared Appen the 
‘ dix has been developed for inclusion in Tentative Method E 22 as mentionel F the 
below. This Appendix deals with matters of evaluation of the time-creep Bin 
curves, outlining current practices and well-founded opinions. It is the B {ory 
opinion of the committee that such a presentation will be of considerabl C00) 
value to those interested in the test method. for 
The committee accordingly recommends that Method E 22 be revise! 
as follows and continued as tentative: thos 
Section 5.—Change Paragraph (b) to read as follows by the additiot B com 
of the italicized words and figures and the omission of those in brackets: or m 
(b) For specimens with 2 in. to 5 in. gage length, the design of the furnace she 
be such that the maximum variation of temperature over the gage length of th alloy 
[calibration bar, shown in Fig. 2 (Form No. I) will] specimen shall not exceed indic 
+3 F. for temperatures up to and including 1200 F., [10] +5 F. for temperatures ov , 
1200 F. and up to and including 1600 F., and [20] +/0 F. for temperatures ov ol 1 
1600 F. For all longer gage lengths, the design of the furnace shall be such that the max: aboy 
mum variation of temperature over the gage length of the specimen shall not give rist' Whil 
an error in strength in excess of 1 per cent. parti 
Section 12.—Omit Paragraph (d) which reads as follows, reletteriti studi 
Paragraph (e) as (d): 
(d) Stress-Temperature Curves—For plotting stress-temperature curves the Mosp 
following scales shall be used: . been 
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& reported results of the letter ballot vote as follows: Of a total membership of 16, 15 members returne® i 

= ballots, all of whom voted affirmatively. eof AST 
me 2 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, pp. 1214, 1223 (1934); also 1934 Book of 4.9.4 
Tentative Standards, pp. 1138, 1147. 
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hods 
SCALE FOR TEMPERATURE SCALE FOR STRESS 
ypear (ABSCISSAS) (ORDINATES) 
} in. = 100 F. Lin. = 10,000 Ib. per sq. in. 
ewed Curves showing creep rates in the secondary flow period of 0.01, 0.1, 1.0 or 10 
Bash, per cent per 10,000 hr. shall be plotted. 
N. L. Omit the last item of Paragraph (e), which reads as follows: ‘‘Stress- 
‘ative temperature or creep-rate evaluation (see Paragraph (d)).”’ 
under A ppendix.—Replace the present Appendix with Appendix II attached 
in hereto. 

The above recommendation has been submitted to letter ballot of the 
tative B Joint Committee, which consists of 15 members, for submission to the 
taket BF ‘nonsor societies; 15 members returned their ballots, all of whom have 
ethod, \oted affirmatively. 
ended, § (Committee IIT on Projects (C. E. MacQuigg, chairman): 

- (e) to The detailed work of this committee is carried out largely through its 
Xecom — subcommittees and there follows a brief résumé of activities during the 
past twelve months: 
; use ol Subcommittee D (H. J. Kerr, chairman).—In cooperation with the 
ng with F Special Committee on High Temperature Test Methods, this subcommittee 
lengths § has arranged to distribute samples of 0.40 per cent carbon steel to different 
laboratories. High-temperature tension tests are to be carried out under 
Appet § the conditions outlined in the Tentative Method E 21 — 34 T to establish 
ntione! F the adequacy of this test method. Ten or more laboratories will take part 
ne-cret) ® in this work on steel which has first been very carefully checked for uni- 
t is the ® formity. Acknowledgment is made to the Bethlehem Steel Co. for its 
iderabl F cooperation in preparing, without cost to the committee, stecls suitable 
distribution. 
> revise! Subcommittee E (M. S. Northup, chairman).—<Activities similar to 
. those outlined for Subcommittee D have been undertaken by this sub- 
additi: § committee, operating under the Tentative Method E 22-34 T. Seven 
ckets: J or more laboratories are cooperating in this work. 
nace shit: Subcommittee F (H. W. Gillett, chairman).—Studies of pearlitic un- 
sth illoyed steel and austenitic nickel-chromium steel, previously reported,’ 
bone indicated that fatigue was unlikely as a cause of failure at temperatures 
tures ov ”' 1000 F., or above, since the fatigue limits in both classes of steel were 
1t the ma’ *bove the stresses which could be sustained with small amounts of creep. 
give ris “hile broad generalizations are not justified without confirmation for 
particular cases, there does not now appear to be a pressing need for further . 
eletteritt ‘tudies of the fatigue of steels at high temperatures. 


Similarly, fatigue is not ordinarily a problem in service at subat- 


‘nospheric temperatures. The work of this subcommittee has, therefore, 
been suspended for the present. 


bee P. 1300.—En, 
Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 208 (1934). 
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Subcommittee N (J. W. Bolton, chairman).—This subcommittee has 
been engaged in studying methods for the determination of wear and 
seizure in metals at high temperatures. A report summarizing published 
data has been under preparation. A prediction cannot be made at this 
time whether publication of this report will be warranted, but it is expected 
to be useful in determining what further may be done in extending our 
knowledge in this field. 

Subcommittee O (Jerome Strauss, chairman).—In previous reports of 
researches on austenitic nickel-chromium steels, attention was given 
chiefly to the mechanical properties at elevated temperatures. Corrosion 
tests were undertaken, however, by this subcommittee on samples of 
these metals and the work is now nearing completion. A report is expected 
to be available during the latter part of the current calendar year, at which 
time it will be determined whether publication is warranted. 

Subcommittee P (H. W. Russell, chairman).—During March, 1935, as 
a result of the increasing importance of processes carried out at subat- 
mospheric temperatures, this subcommittee was organized to consider the 
effects of low temperatures on metals. The subcommittee contemplates 
preparation of a bibliography, expects to consider the preparation of spec- 
- fications for making low-temperature mechanical tests and perhaps als 
to stimulate researches covering those engineering properties which may 
be adversely affected by subatmospheric temperatures. 

Sponsored Researches.—Sponsorship of researches has been continue( 
during the present calendar year at the Battelle Memorial Institute 
Work has been continued on the study of embrittlement of austenitic nicke!: 
chromium steels as a result of prolonged exposure to high temperature 
and a summary was prepared, following completion of this project, and 
included in Appendix I to this report. 

The work in question relates to the progressive changes in toughnes 
of an austenitic steel when exposed for long periods to high temperatures 
both with and without stress. 

Work was initiated on a second project relating to the interpretatio! 
of creep tests, the results of which are now broadly utilized by engineers i 
determining allowable stresses for high-temperature service. 

Creep tests, extending over periods of more than several thousat! 
hours are not often made and yet design is frequently based on a servit 
life of 10,000, 20,000 hr., or more. Estimates, when made on the basis 0! 
creep tests of several thousand hours duration are extrapolations. It é 
been felt by some engineers and many of the members of the Joint Com 
mittee that it would be desirable to correlate the results of creep tests mac: 
under the usual conditions with the performance observed in long & 
posures to stress at high temperatures, for example, of the order of 25, 000 br 
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Prolonged creep tests of this sort have been undertaken at the Battelle 
Memorial Institute, under the sponsorship of the Joint Committee, on a 
pearlitic unalloyed steel and on an austenitic nickel-chromium steel. 
Beginning at the latter part of the current calendar year, periodical 
progress reports may be expected, provided sufficient funds can be secured 
for the continuation of the three-year test program involved. Funds are 
now available to cover the work during the year 1935, and perhaps also 
part of 1936. 


Committee IV on Publications (H. W. Gillett, chairman): 

This committee, which prepares data for publication, reviews com- _ 
mittee reports, prepares news items and the handling of details incident to 
the sponsorship by the Joint Committee of technical sessions or papers by 
individuals, functioned effectively during the past year as it has in the past. 
Its activities are best indicated by a review of this report and Appendix I. 


Committee V on Oil Refinery Problems (H. J. French, acting chairman): 

It has been impracticable during the past year to arrive at a program 
acceptable to all interests represented on this committee. A plan is neces- 
sary before funds can be secured for support of research in actual oil 
refinery service and it has, therefore, not been practicable to build upon the 
plans outlined when the committee was organized in March, 1933. 

The future of this committee and its work will be determined largely 
during the next six months and will depend, among other things, upon the 


development of an acceptable plan and the procurement of adequate 
fnancial support. 


Miscellaneous Activities: 


Close cooperation is maintained between the Joint Committee and 
Committee B-4 on Electrical-Heating, Electrical-Resistance and Electric- 
Furnace Alloys of the American Society for Testing Materials. 

Members of the Joint Committee also have cooperated individually 
with Subcommittee XXII on Valves, Fittings, Piping and Flanges for 
High-Temperature Service of the A.S.T.M. Committee A-1 on Steel, and 
with the Special Subcommittee of the Boiler Code Committee of the Ameri- 
can Society of Mechanical Engineers with reference to the effect of tem- 
perature on the properties of metals. A considerable amount of time has 
been devoted to these semiofficial cooperative projects during the past 
year. 


Respectfully submitted on behalf of the Joint Committee, 


H. J. FRENCH, 
Chairman. 


N. L. Mocuet, 
Secretary. 
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REPORT ON EFFECT OF LONG-TIME HEATING WITH AND WITHOUT 
STRESS ON IMPACT RESISTANCE OF 18 PER CENT CHROMIUM, 
8 PER CENT NICKEL STEEL (K9 AND Ki9 STEEL) 


REPORT TO THE JOINT COMMITTEE COVERING A SPONSORED RESEARCH Project 
CARRIED OuT AT BATTELLE MEMORIAL INSTITUTE. 


It is generally considered a normal behavior for austenitic nickel- 
chromium steel to lose toughness, as evaluated by the impact test, after 
long sojourn at temperatures of 1100 to 1400 F. The progress of this 
“embrittlement” (usually so termed in spite of a final Charpy impact value 
of 40 ft-lb. or more) was traced for two lots of wrought 18 per cent chromium, 
8 per cent nickel steel of 0.06 per cent and 0.085 per cent carbon in the 
1932 report of the Joint Research Committee on Effect of aaa on 
the Properties of Metals. 

In that work standard square Charpy bars, with the oe notch, 
were heated for 1000 hr. at temperatures ranging in 200-deg. steps from 
800 to 1600 F. The greatest embrittlement occurred on water-quenched 
material and at 1400 F. The curve for the lower carbon steel, designated 
K9c, is shown in Fig. 1. The report concluded with the statement that 
such notched-bar tests were the necessary starting point for the study o/ 
embrittlement, but that they ‘‘may not tell the whole story for the actual 
service conditions under which these steels are often used.” 

In a later study of creep properties of austenitic stainless steel by the 
Joint Research Committee, published in 1934,? two different lots of similar 
steels were used which were designated K19. This series of tests included 
two carbon contents, and both cast and wrought material. Most of the 
creep tests were made in the temperature range 1000 to 1200 F. After the 
creep-test specimens had been held under load for extended periods, usually 
1000 to 1500 hr. or more, round Izod specimens with a V notch were 
. machined from the test section and broken in impact. (Izod specimens 
- were used because the creep specimens were of too small diameter to afford 
a standard Charpy specimen, and in order to allow obtaining duplicate 
impact specimens from the same creep specimen.) 

The surprising fact was noted that the low-carbon wrought K19 ste¢! 
did not show appreciable embrittlement after being held under stres 


1 Reports on: Cooperative Study of Charpy Notched-Bar Impact Tests of 18 Per Cent Chror 

Per Cent Nickel, Stainless Steels; Magnetic Permeability Tests of 18 Per Cent Chromium, 8 Per Cent? 
Stainless Stecls; Structural Stability of 18 Per Cent Chromium, 8 Per Cent Nickel, Stainless Steels at I 
Temperatures in the Absence of Stress, Proceedings, Am. Soc. Testing Mats., Vol. 32, Part I, pp. 156-192 
2H. C. Cross, ‘‘High Temperature Tensile, Creep, and Fatigue Properties of Cast and Wrought 

and Low Carbon 18Cr, 8Ni Type Steel from Split Heats,"”” Transactions, Am. Soc. Mechanical Engrs. Vo 

No. 7, July, 1934, p. 533. 
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One specimen of water-quenched low-carbon K19 material after 1655 hr. 
at 1200 I’. under stress of 8345 lb. per sq. in., during which test it had 
extended about 0.6 per cent, showed an Izod value of 99 ft-lb. against an 
initial value of 101 to 107 ft-lb. 

All the other specimens tested at 1200 F. or shorter periods showed 
equal lack of embrittlement. The same thing was true for the cast material 
{ this heat as well as for the wrought material. Moreover, the higher 
arbon (0.125 per cent carbon) heat, while losing some toughness under 
stress, retained far more than was expected, the wrought material after 
1100 to 1800 hr. under load at 1200 F. giving 63 to 96 ft-lb. against its 
ickel- B initial 103 to 109 ft-lb. Even the cast higher carbon material, although 
after B civing some values lower than the wrought, retained, after long loading 


this Bat 1200 F., 47 to 97 ft-lb. against its initial 93 to 94 ft-lb. oe 
value 
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by the ‘16, 1.—Effect of Heating 1000 hr. at Various Temperatures on Charpy Impact Resistance 
imilar of Wrought 18 per cent Chromium, 8 per cent Nickel Steel (Material K9c, 0.06 
simi p 
cluded per cent Carbon). 
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CHARPY IMPACT RES/STANCE , FT-L8. 


Since sojourn at 1400 F. is supposed to produce more embrittlement 
i at 1200 F°., one creep test was run on the 0.125 per cent carbon aus- 
\enitic chromium-nickel steel at 1400 F. for 665 hr. at 1600 lb. per sq. in., 
luring which test the specimen extended about 0.03 per cent. The Izod 
impact value was determined after the creep test. It was 93 ft-lb., indicating 
that no appreciable embrittlement had occurred. 
_ The insensitivity of the second lot of steels (K19) was of particular 
terest in that these steels had no “stabilizing” additions. Since the 
themical composition of the low-carbon steels of the K9 and K19 series 
‘tered only in a slightly higher nickel content in material K19, but the 
ichavior of the two steels seemed to be different, it was decided to study 
material K19 by unstressed impact specimens as had been done with 
material K9, but to confine the study to 1400 F. and to trace the progress 
af embrittlement with time, since it had been suggested that the material 
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_ oned since the use of a deeper V notch or a smaller bar would have requitt 


_ thermocouples in specimens at 9 locations, showed that the temperatu 
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K19 creep specimens might have gone through a brittle stage and then 


recovered. 
The similarities and differences of the wrought low-carbon K9 and K19 


steels may be summarized as follows: 


Chemical Composition, per cent Impact Value After 1000 br. 
(or more for K19) 


Mode of Heat Impact Value 


Material 
14 Manufacture] Treatment} Before Test 
Ele 
2/4] At1200F,| At 1400, 
Siz tei & 
0.06 |0.56}0.68/18.0 |8.5 |not de-| commercial | water 87 Charpy, key- 
tected| heat not quenched hole notch 61 40 unstressed 


induction from 
melted 2100 F. 


K19.... .|0.067|0.50/0.65/18.21|9.56/0.056 | induction- | water 101 to 107 Izod, 
furnace quenched V notch 97 to 111 | not deter- stressed 
heat from mined (ie. after 
2000 F. creep) 


Five differences might be listed, (a) in chemical composition (nickel, 
nitrogen), (b) in melting method, (c) in quenching temperature, (d) in 
type of notch, (e) in heating with and without stress, or, with and without 

slight deformation. Of the differences that were under control, it wa 

not thought wise to shift the quenching temperature of material K19 since 
it had been agreed in the previous study of material K19 that 2000 F. was: 
preferable temperature and more representative of present practice. lt 
was decided to use the standard square Charpy bar with keyhole notch, 
identical with that previously used on material K9. An attempt wa 

_ made to utilize a standard square Charpy bar with a 45-deg. V notd 
0.079 in. deep, and such specimens were tested along with the keyhole-notd 
bars through the first 100 hr. of the ‘‘unstressed”’ test of material K19, 
the hope that the V notch would be more selective, but the cross-sectidi 
back of the notch was so large that the specimens did not break in th 
120-ft-lb. impact machine. The use of the V notch was accordingly abané 


a non-standard impact specimen. 

The rough-machined K19 bars, } in. square, 2; in. long, cut from! 
1-in. wrought rod, were heat treated just as was done for the 2000 F. watt 
quenched K19 bars previously reported on. The electric muffle fur 
was provided with two No. 22 gage chromel-alumel couples, each insert: 
into a dummy bar, one connected to a controller, the other to a recordé 
A temperature survey of the furnace, loaded with dummy specimens W” 


was 1400 +10 F. The controller held the nominal temperature to !* 
+5 F. Calibration of the two thermocouples after completion of the t 
indicated that during a portion of the test period, temperatures lower the 
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IG. 3.—Effect of Long-Time Heating at 1400 F. on Charpy Impact Resistance of Cast 
18 per cent Chromium, 8 per cent Nickel Steel (Material K19, 0.067 per cent Carbon). 
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1385 F. may have existed. This deviation however is not in the direction th 
“which would tend to decrease embrittlement materially. th 
The test was run nearly 4000 hr., with a cast and a wrought specimen ce 
removed at intervals, machined to the standard square Charpy keyhole 30 
bar and broken at room temperature. The results are shown in Figs. 2 and 3. he 
_ For the wrought K19 material, the impact resistance fell gradually from an 
an initial value of 70 ft-lb. to about 49 ft-lb. at 100 hr., and from 100 hr. 
to 3868 hr. it remained constant at 46 to 50 ft-lb. 
The drop from 79 to 46 ft-lb., or a 35 per cent decrease compares He 
_ with a drop of 87 to 40 ft-lb. or 55 per cent decrease on material K9. How- — 
ever, the final value is of the same order. Duff! has stated that low-carbon " 
18 per cent chromium, 8 per cent nickel steel drops from 75 to 45 ft-lb. rh 
_ Charpy impact value on 3000 hr. exposure above 1000 F. but does not there- at 
after decrease. 
The wrought K19 material therefore appears to be normal in its - 
impact behavior after heating in air without stress. It “embrittles” in nd 
that it loses toughness but it is still tough, for no material with a Charpy ie 
_ value of 40 to 50 ft-lb. can be fairly called brittle. This normal behavior ia 
- indicates that the behavior of the creep specimens in refusing to embrittle ae 
(at least as shown by a V-notch round Izod bar) is probably normal also. nn 
This raises the question whether material under stress and under- ini 
going slow deformation is more resistant to impact embrittlement than; 
“that unstressed. The test of impact resistance after creep at 1400 F. on 
the high-carbon K19 material has previously been referred to, where in sid 
665 hr. under load, the Izod V-notch impact fell only from 106 to 93 ft-lb. | 
_ It was decided to make a similar test of material K9, but to heat only for a. 
_ 100 hr., since the decrease in unstressed impact value is, according to Fig.?, § .;, 
_ practically all accomplished in the first 100 hr. Since no low-carbon Kl) § 
material had been so run, a bar of that steel was run also so that both B). 
steels were tested alike. Duplicate Izod bars were used as in the creep " 
work reported in 1934.2 The load was 1600 Ib. per sq. in. in both cases & ..;.. 
Loading and heating were carried on in the creep-test equipment. The § 
results are as follows: oe pra 
Izop VALUES AS “1400 1 
HEAT TREATED, FT-LB. LB, PER SQ. IN., FT-LB. 
105 to 108 103 to 108 
I occedeernnninnccésetecbsiwed 112 to 109 99 to 108 C 
OWS 
The evidence indicates that material K19 is not peculiar in show ang ,, 
but slight loss of toughness when stressed as against a measurable los 570 h 
unstressed. Embrittlement may thus be slower in actual servi 4, 
1R. L. Duff, ‘Petroleum Refineries, ‘Section A of Chapter 18 of volume by E. E. jThum entitled “T P. . 


Book of Stainless Steels,’’ First Edition, p. 487 (1933). 
2 Loc. cit. 
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Report ON Errecr oF Lonc-Time HEATING ON Impact 131 
than in an unstressed laboratory test. Thompson and Van Duzer! report 
the following results on specimens taken from 18 per cent chromium, 8 per 
cent nickel tubing in high-temperature steam service. Specimens after 
3000, 10,000, and 15,000-hr. service at 1100 F. (besides several thousand 
hours at lower temperatures, mainly at 1000 F.) lost respectively 5, 173 
and 68 per cent of their nominal initial Izod impact values. 

Unfortunately the exact values in foot-pounds are not given, and the 
rcentage loss is based on an assumed initial value for the type alloy, not 

n the same specimens. The specimens varied in carbon from 0.05 to 
09 per cent and were obviously not identical. The stresses imposed on 
these tubes in service are not stated. Their data are cited lest it be assumed 
without proof that stress necessarily permanently inhibits embrittlement. 
That it tends to delay it seems to be indicated by the laboratory impact 
data recorded above. 

Cast Material.—As stated above, impact specimens of cast as well as 
wrought K19 were carried through the 3868-hr. heating period at 1400 F., 
nd removed at intervals. The results were quite erratic, although the 
yneral trend was similar to that of the wrought specimens. Figure 3, 
surve A, shows the results. The specimens had been taken without special 
regard to their location in the “teeth” of the multiple keel-block casting. 
\s was shown by the photomacrographs in the 1934 report? these teeth 
were very coarse grained due to slow freezing, and varicd in structure 
irom columnar to equiaxed grains. 

Another series of cast specimens was than heated for 120 hr. Speci- 
mens were removed and broken at intervals as before, in which one set 

s taken across the section so that the notch and breaking section were 
equiaxed grains, and the other set from the tooth face with columnar 
rains. ‘The wide scatter of the latter, curve B, indicates that the erratic 
ues were due to grain size and orientation, to which an impact test is 
‘mown to be sensitive. 

The smoother curve, curve C, for the specimens with more nearly 
uiaxed grains indicates that the fluctuations in the tests of cast material 
fenot due to variations in the degree of embrittlement, but that the effect 

grain orientation is large in comparison to the embrittling effect. 


SUMMARY 
_ Cast and wrought 18 per cent chromium, 8 per cent nickel steel (K19) 
‘tows moderate loss of impact resistance after heating 100 hr. at 1400 F. 
and only minor changes in impact resistance with further heating up to 
70 hr. A satisfactory impact resistance remained after 3870 hr. heating 
11400 F, 


Pe W. ‘Thompson and R. M. Van Duzer, Jr., ‘“‘High Temperature Steam Experience at Detroit,’ 
““"sactions, Am, Soc. Mechanical Engrs., Vol. 56, No. 7, July, 1934, p. 497. 
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The K19 steel showed after 1000 hr. heating at 1400 F., a lower per. 
centage reduction than shown by steel K9 in the 1932 tests! but came down 
to about the same value. 

Heating at 1400 F. for 100 hr. under stress produces little loss of impact 
resistance for two 18 per cent chromium, 8 per cent nickel steels (K9 and 
K19). 

The data suggest that embrittlement, measured by impact resistance, 
may go on at a slower rate in a stressed than in an unstressed specimen. 


Respectfully submitted on behalf of the committee, 


H. C. Cross, 
I. B. DAHLE. 
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REPORT OF COMMITTEE B-1 
ON 
COPPER WIRE 


Committee B-1 on Copper Wire held two meetings during the year; 
in New York City on January 21, 1935, and in Philadelphia, Pa., on 
March 4, 1935. 

At the January meeting, the committee adopted by a rising vote the 


following resolution concerning the death of Vice-Chairman W. H. 
Bassett, Sr.: 


BE It RESOLVED by Committee B-1 on Copper Wire of the American Society for 
Testing Materials that in the death of Vice-Chairman W. H. Bassett, Sr., a member 
of this committee since its organization and at the time of his death President of the 
Society, the Committee and the Society as a whole has sustained a loss which it is 
the desire of this committee to record. Through his helpful and directing influence, 
Mr. Bassett has contributed in great part to the work of the committee. Through 
his kindly personal contacts he has endeared himself to each member of the committee 


and individually the members desire to express their sense of loss in his untimely 
passing, 


A copy of this resolution has been sent to Mrs. Bassett at her home 
in Cheshire, Conn. 


Mr. W. H. Bassett, Jr., was elected Vice-Chairman of the committee 
ior the remainder of the term. 

Committee B-1 has concerned itself with revisions of the Standard 
Specifications for Bare Concentric-Lay Copper Cable: Hard, Medium- 
Hard or Soft (B 8 - 27), for Bronze Trolley Wire (B 9 — 32), and for Copper 
Trolley Wire (B 49-26); also considerations looking toward a revision of 
the Tentative Specifications for Hard-Drawn Copper Transmission Cable 
‘B87-32T). Substantial progress has been made in all of these matters. 

The Subcommittee on Electric Transmission Wire and Cable Specifi- 
cations (G. E. Dean, acting chairman) has been active in accumulating 
basic data as to the effect of soft versus hard center wires in hard-drawn 
concentric cables. ‘Much valuable research work on this subject has been 
one by two of the manufacturers in connection with the work of the 
subcommittee. It has been determined that the use of a hard center 
“ite or core is not prejudicial to good mechanical performance of the entire 
cable. This work has consumed much time and it has not been possible to 
complete recommendations for desirable modifications in the ‘Tentative 
‘pecifications for Hard-Drawn Copper Transmission Cable (B 87 - 32 T). 

(133) 
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REPORT OF COMMITTEE B-1 


RECOMMENDATIONS AFFECTING STANDARDS Th 

Standard Specifications for Bare, Concentric-Lay Copper Cable: Hard, - 
Medium-Hard or Soft (B 8 - 27).'\—There has been much need for a revision r 
and amplification of these standard specifications. The committee has suc- : 
ceeded in correlating the requirements of the Sectional Committee on = 
Insulated Wires and Cables and of the Insulated Power Cable Engineers 

Association as well as of the membership of Committee B-1 itself in the = 
preparation of a new stranding table for concentric-lay cables. While the we 
preparation of a definite schedule of other types of cable has been deferred, ~ 
the committee has agreed on modifications in the wording of the specifica- abe 
tions so that other than concentric-lay cables may be constructed without eo 
necessary conflict. Thus, the scope of the specifications is considerably te 

enlarged and they become more generally applicable to cable manufacture. F 

~The requirements of users of hard-drawn and medium-hard-drawn bare 
conductor for use on overhead lines has been carefully considered, and J the 
greater restrictions have been placed on the use of brazes in such cable. § ball 
There has arisen a very definite industry demand for the testing of cable in F_ — 

its completed form, while present specifications provide only for the testing 
of the individual wires of hard-drawn or medium-hard-drawn cable befor 

cabling. Changes agreed to by the committee provide for the testing of th ‘aise 
completed cable as an alternative to the testing of individual strands befor JR“ 
cabling, and specify the necessary limits of variation in tensile strength {i 
requirements when this test is employed. Certain modifications of : oe 
editorial nature also have been made by the committee. ‘These vario | 
changes have been incorporated in the proposed ‘Tentative Specification “ai 
for Bare, Stranded Copper Cable: Hard, Medium-Hard or Soft, appende: ae 
hereto,? which the committee recommends be issued for at least a year as 
tentative revision of the present Standard Specifications B 8 — 27, the latte 
to remain in effect for the present. 

Standard Specifications for Bronze Trolley Wire (B 9 — 32)38—The Jou 
Committee on Trolley Wire Specifications, representing the Association Lu 
American Railroads, The American Transit Engineering Association 4 
the A.S.T.M. through Committee B-1, has recommended that there be! 
cluded in these specifications provisions for a third class of bronze troll — 
wire having a higher conductivity than the two classes now included a 
of intermediate strength, and that the types of bronze wire be referred! ) 


according to conductivity rather than according to strength. ‘The Joi! 
- Committee also recommended that certain permissible variations be pt 

vided for the dimensional requirements of the standard sections of groov’ 
trolley wire since the present specifications do not indicate such limit 


11933 Book of A.S.T.M. Standards, Part I, p. 746. 
2 See p. 736.—Eb. 
$1933 Book of A.S.T.M. Standards, Part I, p. 757. 
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On Correr WIRE 


These various modifications have been incorporated in the proposed Ten- 
tative Specifications for Bronze Trolley Wire, appended hereto,! which the 
committee recommends be issued for at least a year as a tentative revision 
of the present Standard Specifications B 9-32, the latter to remain in 
efiect for the present. 

Standard Specifications for Copper Trolley Wire (B 47-32)2—The 
committee believes that provisions should be made in these specifications 
also for permissible variations in the dimensional requirements of the 
standard sections of grooved trolley wire, the same as those to be provided 
above for bronze trolley wire. ‘These dimensional tolerances have been 
incorporated in the accompanying Fig. 1, appended hereto,’ which it is 
recommended be published as tentative for a year to replace, when adopted, 
the present figure in the Standard Specifications B 47 — 32. 


The above recommendations have been submitted to letter ballot of 


the committee, which consists of 29 members; 26 members returned their 
ballots, the results being as follows: 


Items 


Voting” 


Proposep Revisions oF STANDARDS 
a Seetenins for Bare Concentric-Lay Copper Cable: Hard, Medium-Hard or Soft 
{ ) 


This report has been submitted to letter ballot of the committee, which 


consists of 29 members; 23 members returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of the committee, 


Jj. A. Capp, 


Chairman. 
H. Foore, 


Secretary. 


‘See p. 740.—Ep 


*1933 Book of A.S.T.M. Standards, Part I, p. 752 
+See p. 743.—Ep. 
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REPORT OF COMMITTEE B-2 


ON Th 
NON-FERROUS METALS AND ALLOYS Me 
Sin 


Committee B-2 on Non-Ferrous Metals and Alloys held two meetings 
during the year, in Atlantic City, N. J., on June 27, 1934, and in Phila- 
delphia, Pa., on March 5, 1935. 
Subsequent to the 1934 annual meeting, as mentioned in the report 
of the committee last year,! the committee presented to the Society through 
- Committee E-10 on Standards revisions of the Standard Specifications for 
Pig Lead (B 29 — 23) in the form of new tentative specifications to replace 
the standard specifications which were recommended to be withdrawn. 
The tentative specifications were accepted for publication? by Committee 
E-10 at a meeting on August 22, 1934, to replace the standard and appear 
in the 1934 Proceedings* Since the new tentative specifications were 
intended to supersede the Standard Specifications B 29 — 23, the proposed JB ‘pciti 
_ withdrawal of the standard was also approved by Committee E-10. 


RECOMMENDATIONS AFFECTING STANDARDS 

In this report the recommendations affecting standards and tentativ 

standards are noted in brief form below, together with the results of th 

letter ballot. These recommendations are explained in the reports of th 
subcommittees directly responsible for them. witty 
I. Proposed Tentative Standard.—The committee recommends that th appa 
proposed Tentative Specifications for Lead-Coated Copper Sheets, — 
Bere! hereto,‘ be accepted for publication as tentative. — 
IT. Proposed Revision of Existing Standard.—The committee recom as chi 
mends for publication as tentative, a revision of the Standard Specification a 
for Slab Zinc (Spelter) (B 6-33) which will make provision for zinc 0 hl 
extreme purity as grade (/ a) Special High Grade. The detailed changé f ae 


prepared by Subcommittee I on Pure Metals in Ingot Form, appear late The + 
_in this report under Activities of Subcommittees. ' 


III. Adoption of Tentative Standards as Standard.—The committe 

recommends that the following tentative standards be referred to lett’ 
ballot of the Society for adoption as standard: Mas. 
| 1 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 217 (1934). ; ; 073 
2In submitting the tentative specifications to Committee E-10 on Standards, Committee B-2 reports Pp 


results of the letter ballot vote as follows: Of a total membership of 99, 52 members returned their ballos 

of whom 33 voted affirmatively, 2 negatively and 17 marked their ballots “not voting.” Tete TI 
_ 4 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 662 (1934); also 1934 Book of A.S.T.M. 

tive Standards, p. 155. 

4See p. 746.—Eb. 
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On Non-FERROUS METALS AND ALLOYS 


Tentative Specifications for Pig Lead (B 29-34 T), with correction of typo- 
graphical error, and 


Tentative Methods of Chemical Analysis of Aluminum and Light Aluminum 
Alloys (B 40 - 33 T), as revised. 


IV. Adoption as Standard of Tentative Revision of Existing Standard.— 
The committee recommends that the tentative revision in the Standard 
Methods of Chemical Analysis of Manganese Bronze (B 27 — 19) published 
since 1928 be referred to letter ballot of the Society for adoption as standard. 


“ The recommendations appearing in this report have been submitted 
nila- 


to letter ballot of the committee, which consists of 103 members; 73 mem- 


- bers returned their ballots, the results being as follows: 


rm- Neg- 
1S for Items ative 
place 


rawn. - Proposep Tentative STANDARD 
nittee Specifications for Lead-Coated Copper. Sheets 


at II. Proposep Revision or STANDARD 
ppe Specifications for Slab Zine (Spelter) (B 6 - 33) 


were 


III, Apoption or Tentative StanpARDS AS STANDARD 
posed 


IV. Apoption as Sranparp or Tentative Revision oF STANDARD 
Methods of Chemical Analysis of Manganese Bronze (B 27 - 19) 


of the Subcommittee I on Pure Metals in Ingot Form (T. A. Wright, chair- 
man).—The honorary chairman of Committee B-2, Mr. William Campbell, 
hat the appointed Mr. H. C. Jennison to act as temporary chairman of this sub- 
ots. committee vce Mr. W. H. Bassett, deceased. At a meeting of the sub- 
’ committee in Philadelphia on March 4, 1935, Mr. T’. A. Wright was elected 
chairman. 
‘cation Attention is called to a typographical error appearing in the note to 
zinc 0 ection 6 of the Tentative Specifications for Pig Lead (B 29-34 T) as 
ange Published in the 1934 Book of A.S.T.M. Tentative Standards, page 156, 
ar lat wherein the analysis of common lead (Grade Ifa) was quoted incorrectly. 
| The note in its proper form which reads as follows, appeared correctly in 


mmitte the specifications as published in the Proceedings, Vol. 34, Part I, page 
to lette! 963 (1934): 


_ Nore.—Common Lead (Grade IIIa) conforms to the above analysis except that 


uth shall not be over 0.25 per cent and the total purity shall not be less than 


B-2 reper ‘13 per cent lead. 
their balvs 


T.M. 


The subcommittee recommends that the Tentative Specifications for 


Pig Lead (B 29 ~ 34 T) as corrected be adopted as standard. 


51 1 21 
-33 T), asrevised| 46 0 27 
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REPORT OF COMMITTEE B-2 


. The subcommittee also recommends for publication as tentative the 
following revisions in the Standard Specifications for Slab Zinc (Spelter 
(B 6-—33).! These modifications are proposed in order that the specif- 

cations will conform to present-day practice, especially as regards zinc of 
extreme purity: 

Section 1.—-Change to read as follows by the addition of the italicized 
_words and the omission of those in brackets: 

1. These specifications cover [Virgin Spelter, that is,] slab zinc (spelter) made 
from ore or [similar raw] other material by a process of [reduction and] distillation or 

y electrolysis, and not produced [from reworked metal] by “sweating” or remeltin; 
_ of secondary zinc, in six grades, as follows: 
(1a) Special High Grade 

(1) High Grade 

(2) Intermediate 

(3) Brass Special 

(4) Selected 

(5) Prime Western 

Section 2.—Change to read as follows by the omission of the words in 
brackets: 

2. A brand shall be cast in each slab by which the maker [and grade] can 

identified. 

Section 4.—In the table of requirements as to chemical composition 
change the lead content for Special High Grade Zinc (Grade 1a) from 
“0.010 per cent” to read ‘‘0.007 per cent”; also change the iron conten! 
for High Grade Zinc (Grade 1) from “0.03 per cent” to read ‘0.02 per cent.” 

Section 8.—Change to read as follows by the addition of the italicize 
words: 

8. Where the slab zinc (spelter) satisfies the chemical and physical requirement: 
of these specifications, it shall not be condemned for defects in manufacturing, {« 
defects of alloys in which it is used, or for defects in the coating of galvanized products 

Subcommittee VII on Methods of Sampling and Chemical Analys 
_ (H. V. Churchill, chairman).—The Standard Methods of Chemical Analys: 

of Alloys of Lead, Tin, Antimony and Copper (B 18-21), of Gun Meta 
(B 28-19) and Methods of Battery Assay of Copper (B 34 — 20), whic 
were prepared by this subcommittee and approved as American ‘Tentati\ 
Standards some years ago by the American Standards Association, bé 
_ been suggested for possible submission to the A.S.A. for advancement! 
the status of American Standards. On investigation, however, each W* 
found to be questionable in one or more particulars and the subcommitte 
recommended that the submission of these methods to the A.S.A. be he! 
‘ in abeyance pending further consideration. Projects are being oem 
for the perfection of methods for chemical analysis of special high grad: 
slab zinc and zinc-base alloy die castings. 
pe 


1 1933 Book of A. Ss. 7. M. Standards, Part I, P. 858. 
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_ On Non-FERROUS METALS AND ALLOYS: 


the An extended research has been undertaken to determine the accuracy 
ter of the method for determining silicon in aluminum and aluminum alloys, 
cifi- — as contained in the Tentative Methods of Chemical Analysis of Aluminum 
cof § and Light Aluminum Alloys (B 40-33 T).!. It has been suggested that 

another method, recommended by Mr. L. H. Callendar of England, by 
‘izei — means of solution in sodium hydroxide would give more precise results. 

At the conclusion of this study it was found that the A.S.T.M. method 
made tri-acid method) checked the more tedious sodium hydroxide method in 
ionot § all commercial aluminum alloys tested except the aluminum-magnesium 
wherein the sodium hydroxide method yields higher results. 

Since Methods B 40-33 T are intended to be used in conjunction 
with material specifications, and the aluminum-magnesium alloys are not 
now covered by A.S.T.M. specifications, the subcommittee recommends 
that these methods be revised as follows and adopted as standard: 

Section 2.—Add a new note as Note 4 to read as follows: 

rds in Note 4.—In analyzing aluminum alloys containing considerable magnesium, 
ibove method will give somewhat low results for silicon. 
= The subcommittee also recommends that the tentative revision? of 
- the Standard Methods of Chemical Analysis of Manganese Bronze (B 27 - 
ositia F |9) be adopted as standard since this revision has been tentative since 1928 
) from Find no criticisms of it have been received. 
content Subcommittee XIII on Strip Zinc (E. H. Bunce, chairman).—This 
‘cent: & subcommittee has had under consideration the submission of the Standard 
alicize: Specifications for Rolled Zinc (B 69 — 29) to the American Standards Asso- 
ciation for approval as American Standard. It was found inadvisable to 
iremet' @ submit these specifications in their present form and revisions have been 
‘Uggested and are now under discussion: 
a on Subcommittee XVI on Coated Metals (W. G. Schneider, chairman).— 
A nalys This subcommittee held a meeting at Atlantic City, N. J., in June, 1934, 
Analys* and considered, section by section, a tentative draft of Specifications for 
n Met. lead-Coated Copper Sheets which were subsequently submitted to letter 
F whict ballot of the subcommittee and approved. In view of the fact that these 
ental & specifications are urgently needed by the building industry and in order 
ion, be to circulate them before the spring expansion in construction activities, the 
ment © Advisory Committee of Committee B-2 approved the specifications for 
each we publication as information and they appeared in the January issue of the 
AS.T.M Bulletin. The subcommittee now recommends that the specifi- 
° whe ‘ations, as appended hereto, be accepted for publication as tentative. 
ch got a Standantitt® ae Soc. Testing Mats., Vol. 33, Part I, p. 620 (1933); also 1934 Book of A.S.T.M. Tenta- 


we Standards. 9, aun Ree. Testing Mats., Vol. 34, Part I, p. 1261 (1934); also 1934 Book of A.S.T.M. Tenta 


*See p. 746.—Ep. 
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Report of CommitTEE B-2 


REORGANIZATION 


‘The committee appointed at the meeting in June, 1934, nominated 
for chairman of Committee B-2, to succeed Mr. William Campbell who is 
- now honorary chairman, Mr. R. F. Mehl who was duly elected by letter 
ballot of the committee to that office. 
The Advisory Committee has extensively discussed the desirability 
of reorganizing the activities of Committee B-2. The following thre 
subcommittees whose activities have been assumed by other A.S.T.M. 
committees have been discharged, and Committee B-2 has recorded in 
its minutes and acknowledges in this report its indebtedness to member 
thereof for their volunteer services; namely, Subcommittee [IX on Nomen- 
clature of Metals and Alloys, Subcommittee X on Methods of Testing ani 
Subcommittee XII on Metallic Fluxes and Deoxidizers. A definite plan 
of reorganization has been formulated and is under discussion, whereby the 
_ matters under proper scope of Committee B-2 shall be in charge of a number 
_ of small subcommittees, each interested in a definite metal or metallurgical 
product, the new grouping to be made in a manner parallel to present trad: 
_ practices rather than according to a more logical or scientific classification 


This report has been submitted to letter ballot of the committee which 
consists of 103 members; 71 members returned their ballots, all of whor 
have voted affirmatively. alia 

Respectfully submitted on behalf of the committee, 
R. F. MEHL, 
‘Chairman. 


E. E. 
Secretary. 
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oe REPORT OF COMMITTEE B-3 
bility ON 


a CORROSION OF NON-FERROUS METALS AND ALLOYS 
led it Committee B-3 on Corrosion of Non-Ferrous Metals and Alloys has 
mbers & been active during the past year through its Subcommittees VI, VII and 
omen § VIII, primarily in carrying forward the programs of corrosion tests in the 
ig ani & field under the sponsorship of those subcommittees. 
e plan The 1932 report! of the committee gave complete information with 
by the regard to the materials being studied by these subcommittees in their tests 
umber & and described in detail the program of tests planned by each. The 1933? 
urgic: & and 1934° reports of the committee gave results of service tests completed 
t trade during those years. 
cation Subcommittee VI on Atmospheric Corrosion (W. H. Finkeldey, chair- 
. which | ™an).—Subcommittee VI presented its report of results obtained after one 
whor |_ Year of atmospheric exposure on some 24 non-ferrous metals and alloys in 
the 1933 report of this committee. This subcommittee’s program of atmos- 
pheric exposure of these various materials has continued and a similar 
report is included in this year’s report. 
Subcommittee VII on Corrosion in Liquids (A. J. Phillips, chairman).— 
Considerable progress has been made in the test program of Subcommittee 
VII and appended hereto is a detailed report of this subcommittee. 
Subcommittee VIII on Galvanic and Electrolytic Corrosion (C. L. Hippen- 
steel, chairman).—The testing program of Subcommittee VIII has also 
progressed and this subcommittee has prepared a report, appended hereto, 
which contains detailed data obtained from studies after the second period 
of exposure under its program. 


This report has been submitted to letter ballot of the committee, which 


consists of 54 members; 29 members returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of the committee, 


T. S. FuLier, 
Chairman. 
Saw Tour 


Poveda Am. Soc. Testing Mats. Vol., 32, Part I, p. 201 (1932). 
Proveatines, Am. Soc. Testing Mats., Vol. 33, Part I, p. 232 (1933). 
Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 221 (1934). 


| : - 
7 i 
Te 


REPORT 


OF SUBCOMMITTEE VI ON ATMOSPHERIC CORROSION OF 
NON-FERROUS METALS AND ALLOYS 


This report presents results of the atmospheric corrosion tests on the 
24 non-ferrous metals and alloys after an exposure of approximately 


three years. The same test procedures were followed as were used in the 
previous tests after one year’s exposure,' namely, corrosion was deter- 


mined by: 
1. Measuring the change in weight on duplicate 9 by 12-in. plate 


specimens; 


2. Making tension tests to find a change in tensile strength and per- 
centage of elongation; and 

3. Making a visual examination of the 9 by 12-in. plates. 

A full description of the metals and alloys included in this test appears 
in the 1932 report of Committee B-3.? 


CHANGE IN WEIGHT TESTS 


z he 9 by 12-in. plates were weighed just as they were . taken from the 
test racks without attempting to remove any accumulations of corrosion 
products. The weight determinations were made by the Division of Metal- 
lurgy of the National Bureau of Standards, using a balance sensitive to 
0.1 mg. However, the weights of the plates are reported only to 0.01 g. 

Since no standard units have been adopted as yet by the subcommittee 
for reporting weight changes, this report shows only the total weight 
changes in grams for each 9 by 12-in. plate, prefixed by a plus or minus 
sign to indicate a gain or loss. For purposes of comparison the weight 
changes after the first year’s exposure as previously reported in the 1933 
report of Committee B-3 have been included in this report. These weight 
changes can be converted to the units in common use by reference to the 
tabulation of critical data and the table of densities published in the com- 
mittee’s report for 1933.! 

With the weight change data from only two test periods available at 
this time no accurate determination of the corrosion rate can be made for 
the majority of the materials at most locations. In a number of cases the 
weight changes still appear as “gains,” although a comparison between the 
first year and third year weight change data shows that with the exception 
of aluminum and the aluminum alloys, tin, tin bronze, and manganese 
bronze, the rest of the materials have ceased gaining and are now losing 
weight. This is true at most locations except La Jolla, where an accumu- 
lation of salts and corrosion products is still in progress on practically all 


1 Proceedings, Am. Soc. Testing Mats., Vol. 33, Part I, p. 234 (1933). 
2 Proceedings, Am. Soc. Testing Mats., Vol. 32, Part I, p. 214 (1932). 
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materials. The “losses” in weight are greatest in the industrial locations 
and most severe in New York City. 

In the committee’s opinion, even a qualitative estimation of the cor- 
rodibility of the various materials in the different atmospheres based only 
on the weight change data would be of doubtful value at this time. 


TENSION TESTS 


The tension tests were made by the same industrial laboratories which 
made the first set of tests after one year’s exposure. The same test pro- 
cedure was followed and in practically all cases the tests were made on 
the same machines. 

The data from tension tests made on specimens exposed for three years 
are given in the appended tabulations together with the percentage change 


TABLE I.—LENGTH OF EXPOSURE PERIODS AT VARIOUS TEST LOCATIONS. 


9 by 12-in. Plate Specimens Tension Specimens 

Location First Period | Second Period | T°t#l, Exposure | First Removal | Second Removal 

Days | Years | Days | Years | Days | Years | Days | Years | Days | Years 

We. 1. Pitshunth, Pa....... 428 | 1.17 | 622 | 1.71 | 1050 | 2.88 | 428 | 1.17 | 1154 | 3.16 
No. 2, Altoona, Pa......... 438 1.20 607 1.66 1045 2.88 438 1.20 1148 3.14 
No. 3. State College, Pa... . 422 1.15 642 1.76 1064 2.91 422 1.15 1170 3.21 
No. 4. New York City.....| 456 | 1.25 | 627 | 1.72 | 1083 | 2.97 | 456 | 1.25 | 1205 | 3:30 
No. 5. Sandy Hook, N. J... 470 1.29 626 1.72 1096 3.01 470 1.29 1198 3.28 
No. 6. Rochester, N. Y..... 265 0.73 615 1.69 880 2.42 420 1.15 1145 3.14 
No. 7. Key West, Fla...... 416 | 1.14 | 632 | 1.73 | 1048 | 2.87 | 416 | 1.14 | 1145 | 8.14 
No. 8. Phoenix, Ariz....... 389 | 1.06 | 623 | 1.71 | 1012 | 2:77 | 389 | 1.06 | 4111 | 3.04 
No. 9. La Jolla, Calif.......| 380 | 1.06 | 614 | 1.68 | 994 | 2.72 | 380 | 1.04 | a101 | 3.02 


in these properties for both the 1-yr. and 3-yr. test periods. ‘The complete 
tension test data for the tests after one year’s exposure appear in the 1933 
report.' 

In calculating the percentage change in tensile properties, the same 
procedure was followed as was used in the first tests, namely, the change 
in tensile strength or percentage elongation was determined by subtracting 
the results of the corroded specimens from the results of the test on the 
storage sets or vice versa, depending on which was the larger, reporting the 
results in the tables as the percentage change referred to the storage set 
values as a base. The figures appearing in the tables under the heading 
“Percentage Change in Tensile Properties” are, therefore, net change in 
properties due to corrosion plus whatever differences exist between the 
aging in storage and the aging under exposure conditions. 

A statistical analysis has been made of the two sets of tensile data, 
that is, the results of the test made after 1 yr. and after 3 yr. exposure, 
following the methods recommended in the Manual on Presentation of 


1 Proceedings, Am. Soc, Testing Mats., Vol. 33, Part I, pp. 244-251 (1933). a 
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Data.' The study was made to determine what part of the changes i in the 
tensile properties are due to chance variations in (1) the original materials, 
(2) the testing methods and machines, (3) the aging properties as distin- 
guished from changes in the tensile properties due entirely to corrosion. 
By statistical analysis methods then, any percentage Joss in tensile strength 
or elongation greater than the figures italicized in parentheses in the tabu- 
lations representing maximum percentage difference due to chance? should 
be attributable to corrosion. As explained below, however, certain factors 
affecting these methods of analysis may introduce errors which limit the 
reliability of the method. 

It will be noticed that in some instances the l-yr. and 3-yr. 
results (percentage change in tensile properties), when considered with 
their respective “maximum percentage difference due to chance”’ values, are 
not consistent, indicating that all of these differences have not been cov- 
ered by our calculations. The wide fluctuations in the “difference due to 
chance” values are also noticeable; and often inexplicable. Larger chance 
errors in uncorroded than in corroded specimens, especially, are hard to 
understand. ‘This may be the result of basing the calculations on too few 
individual tests, of too great variations in materials or test methods to 
permit classification of the data as homogeneous (that is, produced under 
controlled conditions), or of the failure in sampling to make each group 
(of six) typical of the entire lot. In which case, the formulas used in our 
calculations could not be applied to a statistical study of the test data 
without reservations. 

A review of the tensile strength and elongation percentage change 
figures for both the 1l-yr. and 3-yr. tests, giving due regard to the 
‘‘maximum percentage difference due to chance”’ values, shows that so far 
only a few of the materials have experienced a large amount of corrosion 
in either the industrial or marine atmospheres. ‘The corrosion of all metals 
and alloys was negligible in rural atmospheres. However, in many cases 
sufficient corrosion has occurred to permit rough classifications of the 
materials into several groups based on their corrodibility as indicated by 
the tensile data. 

Although it would be desirable at this time to discuss those materials 
which already show a substantial amount of corrosion, it is difficult to do 
so without making the comment unduly long and, furthermore, it runs the 
danger of placing too much emphasis on certain of the test results without 


1 Manual on Presentation of Data, sponsored by Committee E-1 on Methods of Testing, Proceedings, 
Am. Soc. Testing Mats., Vol. 33, Part I, p. 451 (1933); also published in pamphlet form. 


2 The maximum percentage difference due to chance is determined according to the following formula: 
ox? +s? 
3 6 
Maximum Percentage Difference Due to Chance = —~—— 
Xs 
where ox = the standard deviation for the tension test result at each particular location. 
os = the standard deviation for the tension test results on the “storage” specimens. 
Xs = the average of the tensile test results on the “storage” specimens. 
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giving due consideration to the corrosion idiosyncrasies of the individual — 
materials. 

In lieu of such written comment, Table II has been prepared in which 
the amount of corrosion shown by the materials is classified as ‘‘negligible”’ 


(left blank in the tables) if the differences between the “ percentage change” 
figures and their respective “maximum percentage difference due to chance” 
values are less than 1 per cent, and classified as ‘small’ (indicated by s)_ 
if the differences are from 1 to 3 per cent and as “significant” (indicated — 
by X) if the differences are 3 per cent or greater. . a 


VISUAL INSPECTION OF THE CORRODED PLATE SPECIMENS 

The corroded 9 by 12-in. plates were inspected at the Bureau of Stand-_ 
ards at the meeting of the subcommittee on November 14, 1934. The 
appearance of the various materials at each test location after three years — 
exposure is briefly described under ‘‘ Remarks” in the tabulations. 

In these descriptions the term “tarnish” is used to designate a very — 
thin layer of corrosion products. Similarly the term ‘“‘film” is used for 
corrosion products of moderate thickness, and the term “ 
thick layers of corrosion products. 

A reddish brown colored deposit in the form of fine specks was noticed 
on all the plate and tensile specimens at the Altoona exposure. Since this 
deposit was found on some of the white metal alloys whose corrosion 
products are not colored under any ordinary conditions of exposure, it is 
fairly certain that the reddish deposit is of some foreign origin. A spectro- 
scopic examination of the specks shows them to contain iron oxide, which 
strongly suggests that they might have resulted from some nearby spray _ 
painting operation using an iron oxide pigmented paint. Since in most 
cases the specks are very fine and well dispersed, it is hoped that their 
presence will not seriously influence the normal corrosion of the test 
materials at this location. 


scale” for very 


Test ATMOSPHERES 

In the tabulations of test data the results from locations having a _ 
similar type of atmosphere are grouped together: namely, Industrial.— 
Pittsburgh, Altoona, New York City, and Rochester; Sea Coast.—Sandy 
Hook, Key West, and La Jolla; and Rural.—State College and Phoenix. 
The test data secured so far indicate that New York City is the most — 
corrosive of the industrial type atmospheres and La Jolla the most corrosive’ 
of the sea coast atmospheres. 

A summary of the meteorological data for the various locations is 
given in Table ITI. 


Respectfully submitted on behalf of the subcommittee, - 
W. H. FINKELDEy, 
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REPORT OF SUBCOMMITTEE VII ON CORROSION IN LIQUIDS 


The work of Subcommittee VII as outlined in last year’s report,' has 
been continued. ‘The work of the four sections of this committee are 
reported upon below. 


Section 1 on Corrosion in Sodium Chloride Solutions (W. R. Webster, 
chairman): 
‘The rack of test samples as described in the 1934 report of Subcom- 
mittee VII' was placed in a circulating water suction well at a power 
station at Bridgeport, Conn., on May 5, 1934. It was removed January 
3, 1935, after an exposure period of 243 days to salt harbor water. When 
removed from the well the rack and samples were covered with a large 
amount of seaweed and marine life and growth. ‘This was washed off with 
a hose and the rack allowed to dry out. 

Samples of the water taken from the well showed a chlorine content of 
16 parts per thousand. The following is a record of the temperature of 
the water over the months the samples were immersed: 


September, 69-72 F. 


A visual inspection of the dried out rack by various members of the 
committee resulted in the following description of the kind and nature of 
corrosion product and the condition of the samples: 


Lb Dull brownish green scale; edge corrosion. 

C Dull brownish green scale; edge corrosion, greater edge corrosion in tension 
i test section. 
D Dull red scale with green patches. _ 
E Dull greenish brown scale. 

F Dull yellow brown scale. 


H Dull brown scale with white encrustations. After cleaning corrosion was 
apparent under these encrustations. Specimen H-8 had broad shallow 
pits green in the bottoms. 

J White encrustations; dull steel color. 

-K _ Dark brown with yellow brown encrustations. One specimen broke at 
i. holes and was lost; remaining two samples almost auntie dezincified 
on testing. 


1 Proceedings, Am, Soc. + oe Mats., Vol. 34, Part I, p. 222 (1934). 
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On CorROSION IN LiQuIDsS 

L Dull brownish green scale. Specimen L-6 and L-8 show edge corrosion, © 
specimen L-9 shows slight edge corrosion. 


M Dull brownish green scale. Specimen M-6 and M-8 show edge corrosion. ; 

N Dull brownish green; very slight edge corrosion. 

P Dull brownish green. 

8) Dull brownish green. Specimen Q-6 shows edge corrosion on shank. 

R Dull brownish green; edge corrosion. 

S Brown scale; numerous small shallow pits. 

T Dark gray; scattered irregular shallow pits; ends pitted. Specimen T-9 
had oval perforation at one end; broke at this perforation when tested. 

V One specimen gone; broke at the holes. One specimen steel gray, one 
specimen dull steel gray with large areas of rust. Decided action and 
perforation, particularly at contacts with wood rack; white encrustations. 

W Lustrous steel color. Small shallow pits on specimen W-86 and very 
slight pits on specimen W-85, none on specimen W-84. White en- 
crustations. 

4 Heavy brownish green scale. | 


The corrosion product was removed with hydrochloric acid. ‘The 
test data and summary of results are given in ‘Table I. 
New racks are being built for further tests of this nature in which | | 


series of tests lead will be included. 5 

In addition to the work reported above, a test rack was removed from | 
a salt grainer for examination. It was found that practically all specimens 
were uncorroded due to a deposit of protective salts. ‘The specimens were 
therefore cleaned and put back for further exposure. 
Section 2 on Corrosion in Sodium Hydroxide (W. G. Whitman, chairman) : _ 


Section 2 is testing the metals A, D, H, J, L, M, N, P, Q, R, S, T and 
W against sodium hydroxide solutions as they occur in evaporators em- - 
ployed for the commercial production of electrolytic caustic soda and for . 
the recovery of alkali from the black liquor of a soda pulp mill.! 

The section has completed weight loss determinations and tension 7 

tests on 117 corroded specimens. ‘The corroded specimens were exposed : 
in three racks. During the exposures designated A-11! and B-12! some of 
the glass insulators failed. ‘The results of these runs are, therefore, of 
uncertain value. After the rack was redesigned, exposure A-11 was made. 
The glass insulators came through intact and the results of the run are 
considered satisfactory. Data obtained from these tests appear in Table IT. 
The values given represent the average of the results obtained on three 
separate specimens, except where otherwise noted. 

The three racks of specimens were prepared according to the pro- 
cedure and design previously described. Two racks were placed at test 
locations Nos. 11 and 12. Placement of the third rack was delayed until 
the evaporator was opened, which ordinarily occurs every six months. 


' For details see Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 225 (1934). 
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TABLE I.—RESULTS OF SEA WATER CORROSION TEST. 
May 5, 1934 to January 3, 1935. 
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Corro- | Tensile | Loss in | Percent- Loss in | Percent- 
Loss in| sion, |Strength,| Tensile | age Loss} Elonga- | Elonga- | age 
Specimen Weight, | mg. lb. per |Strength,} in tion, tion, in 
g. sq. dm. | sq.in. | lb. per | Tensile | per cent | per cent | Elonga- 
per day aq. in. | Strength tion 
MatertaL A—CommerciaL Copper (Touca Pitcn) 
12.2 30266 4017 11.7 33.2 10.0 23.1 
—CommerciaL Copper (PHospHorizep) 
14.7 30 866 5 184 14.4 31.0 11.0 26.2 
—Cu-Si-Mn (96 Cu, 3 1 Mn) 
2.9133 11.8 50 233 | 9133 15.4 38.5 18.3 32.2 
MateriaL D—Tin Bronze (92 Cu, 8 Sn) 
Serer 1.6068 6.5 54 400 4 033 6.9 65.5 0.7 1.1 
Materia, E—Atuminum Bronze (95 Cu, 5 AL) 
Unexposed Average..........| ...... | 
Average 2.0263 8.2 64 633 | 3700 5.4 
F-—Atuminum Bronze (92 Cu, 8 At) 
0.4356 | .....- 
0.5381 2.8 79 633 | 2933 3.6 
eERIAL H—Acuminum Bronze (89 Cu, 10 At, 1 Fe) 
1.4470 5.9 62 766 | 27 434 30.3 
Matera J—Low-Carpon Ni-Cr-Fe (22 Ni, 20 Cr, B 
0.0189 0.08 | 84000 1 266 1.5 


K—ManGanese Bronze (65 Cu, 23 Zn, 6 AL, 4 


127 466 

5.1323 
Specimen dropped 


5.0719 “20. 5 60.8 
Materia, L—Brass (85 Cu, 15 Zn) 
4.0100 | ...... 
3.7639 15.2 35 400 6 083 14.7 


J 
Matern, MN, 2 Fe) 
5.0 
0.25 8.4 97.1 
35.0 


TABLE I. Continued. 


Corro- | Tensile | Loss in | Percent- Loss in | Percent- 
Lossin | sion, |Strength,| Tensile | age Loss| Elonga- | Elonga- | age Loss 
Specimen — : Weight, | mg. per | lb. per |Strength, in tion, tion, in 
: g. sq. dm. | sq.in. | lb. per | Tensile | per cent | per cent | Elonga- 
per day sq. in. | Strength tion 
MatertaL M—Brass (70 Cu, 30 Zn) 
“93 | 17.9 
MatertaL P—Cu-Ni-Zn (75 Cu, 20 Ni, 5 Zn) 
| 2.1218 8.6 48 800 4 766 8.9 27.2 5.3 16.3 
MatertaL Q—Cu-Ni-Sn (70 Cu, 29 Ni, 1 Sy) 
1.3639 5.5 566 2 000 2.5 16.0 6.2 27.9 
MarertaL R—Cupro Nicken (83 Cu, 17 Ni) 
2.1849 8.8 46 400 5 400 10.4 22.8 25.2 
MarertaL S—Nicket-Copper (70 Ni, 30 Cu) 
Unexposed Average..........] ...... | ....-. 
11.4740 | 60 | 76233} 4000] 50 | 278 80 ' 223 
MarertaL T—CommerciaL Nicke (99+ PER PuRE) 
Average........ serecesoeece 1.2241 5.0 | 72100 1 833 2.5 27.2 8.3 23.4 
MatertaL V—Fe-Cr ALLoy 
Yo. Lost from rack 
we 1652 29.3 57 050 | 11250 16.9 8.0 13.0 61.9 
MATERIAL W—Fe-Cr-Ni (18 Cr, 8 Ni, Fe) 
a ee a 0.2103 0.9 94 333 5 867 5.9 32.7 22.5 40.6 
MatertaL Y—Leapep Bronze (75 Cu, 10 Sy, 15 Ps) 
32 966 14.8 
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Before the third rack was placed, examination of the test rack at test 
location No. 11 showed that some of the glass insulators had failed, making 
intermetallic contact between the frame and some specimens a possibility. 


TABLE II.—RESULTS OF CORROSION TESTS IN SODIUM HYDROXIDE. 


C . Average | Average | Change | Corrosion Percentage Change 
Material hang in ate, 
Strength, | in 2 in., onga- | mg. persq. 
Weight, g. Ib. per cent tion dm. per day Soutien Elongation 
ngth 
Test Location No. 11—Exposgp 52 Dars° 
A—Commercial Copper Pitch)... —6.4 27 300 40 -3 118. —18.8 —7.0 
D—Tin Bronze (92 Cu, 8 —6.4 46 900 63 —5 119. —20.1 —7.4 
. H—Aluminum Bronze.................. —6.2 66 400 22 +1 115. —27.0 +4.8 
J tonne Ni-Cr-Fe (22 Ni, 20 Cr, 
—0.12 85 600 41 +9 2.2 +2.1 +28 
—5.8 34 600 42 +1 107. —15.8 +2.4 
M—Brass (70 Cu, 30 Zn).............+. —5.7 41 500 55 +2 105. —15.8 +3.8 
N—Admiralty Metal (70 Cu, 29 Zn, 1Sn).| —6.2 44 200 51 “3 114. —18.3 +6.3 
P?—Cu-Ni-Zn Alloy (75 Cu, 20 Ni, 5 Zn)..) —1.1 53 600 30 —2 19.8 —0.2 —6.3 
Q—Cu-Ni-Sn Alloy (70 Cu, Ni, 18n)..| —0.23 80 500 21 -3 4.2 +4.5 —12.5 
(63 Cu, 17 Ni)......... —1.7 49 900 28 -3 31.8 —3.7 -97 
—Nickel-Copper Alloy (70 Ni, 30 Cu)... —0.048 80 200 36 0 0.9 +2.4 0 
Nickel (99+ per cent 
—0.016 | 73200 36 0 0.3 —0.7 0 
Ww Fern Alloy (18 Cr, 8 Ni, bal. Fe).| —0.051 96 300 52 0 0.9 —2.6 
Test Location No. 11 (Repeat Tests)—Exposep 56 Days 
—Commercial Pitch). . —7.2 26 500 41 -2 123. —21.1 4.7 
~Tin Bronze (92 Cu, 8 Sn)............ —7.5 42 700 63 -5 129. —27 .2 —7.4 
_ —6.8 70 000 21 0 117. —23.0 0 
J—Low-Carbon Ni-Cr-Fe 20 Cr, 
e).. —0.16 83 800 41 +9 2.7 0 +280 
1.—Brass (85 Cu, 15 Zn). —7.3 31 700 41 126 —22.9 0 
_ M—Brass (70 Cu, 30 Zn)... —8.0 36 500 54 +1 143. —26.0 +1.9 
N—Admiralty Metal (70 Cu, 29 Zn,1Sn).| —7.5 41 100 50 +2 129. —24.0 +4.2 
P—Cu-Ni-Zn Alloy (75 Cu, 20 Ni, 5 Zn)..] —1.2 52 100 31 -1 21. —3.0 —3.1 
Q—Cu-Ni-8n Alloy (70 Cu, 29 Ni, 18n)..]| —0.27 81 200 21 -3 4.6 +55 -12.5 
RC oa (83 Cu, 17 Ni)......... —1.8 49 000 31 0 31. —4.5 0 
S—Nickel-Copper Alloy ¢ (70 Ni, 30 Cu)...| —0.064 81000 36 0 1.1 +3.4 0 
T—Commercial Nickel (99+ per cent 
_ | —0.031 73 300 36 0 0.5 —0.5 0 
W—Fe-Cr-Ni Alloy (18 Cr, 8 Ni, bal. Fe).| —0.039 96 900 48 —4 0.6 —2.0 —7.7 
Test Location No. 12—Exposep 111 Dayrs¢ 
H—Aluminum —20.7 12 300 2 —19 180 —86.5 
J—Low-Carbon Ni-Cr-Fe Alloy (22 Ni, 
—0.079 85 100 41 +9 0.68 +1.5 +28 
N—Admiralty Metal (70 Cu, 29 Zn, 1 Sn) 
P—Cu-Ni-Zn Alloy (75 Cu, 20 Ni, 5 Zn)..| —9.4 42 600 30 —2 81 —20.7 —6.3 
Q—Cu-Ni-Sn Alloy (70 Cu, 29 Ni, 1 —5.5 69 700 i9 48 —9.5 —20.8 
a (83 Cu, 17 Ni).. —7.8 42 900 27 -4 67 —16.4 —12.9 
S—Nickel-Copper Alloy (70 Ni, 30 Cu). —0.80 82 500 36 0 7.0 +5.4 0 
— Nickel (99+ per cent 
aa ee —0.38 73 400 36 0 3.3 —0.4 0 
W—Fe-Cr-Ni Alloy (18 Cr, 8 Ni, bal. Fe).|} —0.001 95 800 50 -—2 0.008 -3.1 —3.9 


Yeap ay were either lost or so badly disintegrated that values were not obtainable. 
6 This is the change from the original elongation. It is not a percentage change of the percentage elongation in 2 in. 
© Glass insulators failed in these tests. 


The specimens of the third rack were then transferred to a re-designed 
rack, the main feature of which was a slot support at one end of the speci- 
mens to avoid stress on the glass insulators. ‘The re-designed rack was not 
placed at test location No. 13, as previously stated, but was placed at test 
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location No. 11 where the evaporator is usually opened bi-weekly. At the 7 
end of the exposure no failure of the glass had occurred. . 
The corroded samples were cleaned by rubbing lightly with steel 
wool in water. They were then rinsed in alcohol, dried, weighed and 
subjected to tensile test. The section is indebted to Prof. R. G. Adams 
of the Massachusetts Institute of Technology for the breaking load and 
elongation determinations. 
In the practical application of the results of these tests, consideration 
should be given to two important matters. First, contact of dissimilar 
metals when wetted with caustic solution may lead to lotalized attack 
and unsatisfactory service from metal which otherwise is resistant under 
the above test conditions. Second, the above conditions of test include 


TABLE III.—RESULTS OF CORROSION TESTS IN SULFURIC ACID. 


Series D Series C Series C 
Test Location No. 31, Test Location No. 32, Test Location No. 33, 7 
42 days exposure 59 days exposure 92 days exposure - 
Material : 
Corrosion Corrosion Corrosion 
Loss in Rate, Loss in Rate, Loss in Rate, 
Weight, g. | mg. per sq. | Weight, g. | mg. per sq. | Weight, g. | mg. per sq. : 
dm, per day dm. per day dm. per day 
A—Commercial Copper...............- 19.9 451 17.8 286 31.0 320 
(—Cu-Si-Mn Alloy (96 Cu, 3 Si, 1 Mn). 18.0 408 15.6 251 26.3 272 
D—Tin Bronze (92 Cu, 8 Sn).......... J. 2.0 521 17.6 284 32.0 330 
H—Aluminum Bronze.................- 15.6 354 14.9% 248 23.1 238 
J—Low-Carbon Ni-Cr-Fe-Alloy (22 Ni, 
0.2 3.2 52 2.4 24 
K—Manganese Bronze...........-.-.- 17.9 406 b 
1—Brass (85 Cu, 15 Zn)...........00.- 19.2 435 18.5 298 28.3 292 
M—Brass (70 Cu, 30 Zn)..........-... 19.2 435 b nite e 
N—Admiralty Metal (70 Cu, 29 Zn, 1 Sn) 18.2 413 b nue 28.5 04 7 
P—Cu-Ni-Zn Alloy (75 Cu, 20 Ni, 5 Zn). 18.8 427 18.6 299 28.0 RG) 
Q—Cu-Ni-Sn Alloy (70 Cu, 29 Ni, 1 Sn). 18.3 415 18.1 291 26 
R—Cupro-Nickel (83 Cu, 17 Ni)........ 19.3 437 19.2 308 ‘ 
‘—Nickel-Copper Alloy (70 Ni, 30 Cu).. 14.5 329 20.3 326 
T—Commercial Nickel (99-++ per cent). . 14.4 327 27.4 441 
X—Silicon Cast 3.5 46 8.4 79 
Y—Leaded Bronze (75 Cu, 10 Sn, 15 Pb). 25.6 337 33.9 320 
® Two specimens lost due to brittleness. 
> All specimens lost due to brittleness. 7 
All specimens lost. 


specimens. Steel tubes frequently fail by cracking at the tube sheet rather | 
than by general corrosion. 

From the three sets of tests completed it is possible to divide the 
specimens roughly into three groups: the first group of very severely cor- 
roded specimens contains materials A, D, H, L, M and N; the second 
group of less severely corroded specimens contains materials P, Q and R; 
and the third group of specimens showing very little corrosion contains 


materials J, S, T and V. 
Section 3 on Corrosion in Hydrochloric Acid (L. L. Deitz, Jr., chairman): 

Section 3 has not as yet completed any of its tests in hydrochloric 
acid. However, work has been started and results should be available 
next year. 
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Section 4 on Corrosion in Sulfuric Acid (Steel Pickle Solutions) (W. H. 
Scott, chairman) : 

Section 4 is testing materials A, C, D, H, J, K, L, M, N, P, Q, R, 

S, T, X and Y. Three series of tests have been completed during the 
past year, one series in each of the three test locations. The details of 
past tests are given in last year’s report of the committee.! The present 
series of tests were conducted under conditions identical with those already 

_ described except in series D, test location No. 31. Red Dog flour was 
~ used as an inhibitor, while in series C, test location No. 33, Rodine at the 


rate of 1 qt. per 100 gal. of pickling solution was used. The results are we 
given in Table III. All tests were conducted in a commercial iron pickle i 
solution containing relatively large amounts of iron salts. It is quite ” 
possible that the iron salts are largely responsible for the corrosion of cer- ™ 
tain of the specimens. Tension tests on the specimens have not been + 
completed but will be reported next year when a summarizing report - 
completing the work of this section will be submitted. - 
Respectfully submitted on behalf of the subcommittee, 
A. J. PHILLIPs, 
Chairman, 
1 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 229 (1934). ; - 
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REPORT OF SUBCOMMITTEE VIII ON GALVANIC AND 
ELECTROLYTIC CORROSION 
The 1934 report! of Subcommittee VIII gave the results of the 1-yr. 


period in the test program undertaken to study the corrosion behavior of 
metals when in contact with dissimilar metals on outdoor exposures. The 
present report is a record of the corrosion which has occurred on the second 
set of couples exposed over a 3-yr. period. 

Originally, four sets of disks arranged in couples were exposed in nine 
typical atmospheres, each set consisting of all the couple combinations of © 
the following metals: 


IDENTIFICATION LETTER 


MATERIAL 


There are still two complete sets of couples remaining on the test racks: 
These will be withdrawn and examined at some later date. 


The 3-yr. couples covered in this report were exposed as follows: 
ELAPSED 


ATMOSPHERE Exposure PERIOD TIME, 
Test LocaTION CLASSIFICATION 1931 TO 1934 YEARS 
La Jolla (San Diego), Calif.......Southwestern seacoast Sept. 1 Sept. 6 3.0 
Northeastern seacoast April 14 April 13 3.0 
Southeastern seacoast Oct. 12 Nov. 12 
i er Industrial (humid) Sept. 21 Sept. 20 3.0 
Industrial (seacoast) March 23  -March 22 3.0 
Rural Sept. 4 Sept. 5 3.0 
State College, Pa................ Rural June 8 June 8 3.0 as fs 


Information regarding the meterological conditions at the test loca- | 
tions, metallurgical history of the metals, the preparation of the test couples, 
ind the installation of the tests at the various locations is to be found in 
revious reports of Committee B-3.? 

On receipt of the couples from the test locations, they were first tested _ 
or contact resistance by standard a.c. bridge methods except in the case of 
the New York City couples on which a buzzer test was used. ‘The couples 
were then disassembled and arranged for visual inspection, after which the 
corrosion products were removed and the disks weighed. ene 


1 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 236 (1934), mae 
* Proceedings, Am. Soc. Testing Mats., Vol. 32, Part I, pp. 214-241, pp. 248-251 (1932). 
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VISUAL INSPECTION 


The visual inspection was made by a working committee consisting of 
three members of the subcommittee and the following items were recorded: 

1. Amount, distribution and color of corrosion products on the disk 
edge and face. 

2. Approximate percentage of disk face not covered by corrosion 

products. 

3. Whether or not disk was deformed. 

4. Whether or not corrosion products were formed on the outside of 
the disks. 


~ REMOVAL OF PAINT AND CORROSION PRODUCTS | 
1. Removal of Paint: 


The disks were first suspended in trichlorethylene vapor for 15 to 45 
min., after which they were cleaned by rubbing with a cloth saturated with 
a paint remover corisisting of five parts benzol, three parts acetone, one 
part alcohol and one part ether. The maximum weight loss on blank 
disks subjected to the treatment did not exceed 1.0 mg. 


2. Removal of Corrosion Products: 


The methods used to remove the corrosion products from the disks 
were as follows: 

Tron.—The iron disks were immersed in a 20 per cent NaOH solution 
at boiling temperature, to which was added 200 to 300 g. of zinc dust per 
liter.' This bath was stirred and the disks placed so that they were 
kept in contact with the zinc dust. This process required from 10 min. 
to 1 hr. and 50 min., depending on the condition of the disks. The disks 
were then dipped for one to two minutes in a solution of HCl (1:1), con- 
taining 10 g. per liter of Rodine, at 10 to 15 C. This was followed by 
scrubbing under running water. One such treatment sufficed to remove the 
last visible traces of rust from the surface. This treatment applied to 
blank specimens showed no loss after a period of 2 hr. in the NaOH solution 
and an average loss of 1.0 mg. for 2.5 min. in the HCI solution. 

Nickel.—The nickel disks were immersed in a solution of HCl (1:1), 
at 10 to 15 C., for 2} min. followed by scrubbing under running water. 
Several of the nickel disks which had been coupled to iron and two of those 
coupled to tin required a longer period of immersion, in no case totaling 
more than five minutes. This treatment applied to blank specimens showed 
a loss in weight of less than 1.0 mg. for a 15-min. period. 

Aluminum.—All of the aluminum disks were cleaned in a solution of 
concentrated HNO; at room temperature for periods varying from 1 to 2; 


1 This process was described by Jean C ournat and Marcel Chaussain, Comptes rendus, Vol. 194, pat 
(1932), and T. F. Finnegan and R. C. Corey, “‘Removal of Corrosion Products from Iron,” Indusirs ¢ 
Engineering Chemistry, Analytical Edition, Vol. V, No. 2 (1933). 
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On GALVANIC AND ELECTROLYTIC CORROSION 


br. followed by scrubbing under running water. The HNO; treatment 
spplied to blank disks showed a loss of less than 1.0 mg. after 2} hr. 


It was found that the aluminum disks coupled with iron could not be 


atirely cleaned by the nitric acid method. ‘These disks were then placed 
in HCl (1:1) for 10 min. at 10 to 15 C. This method had been success- 


lly used on the 1-yr. disks and in the preliminary tests on blanks in 
hich the weight loss did not exceed 5.0 mg. However, the 3-yr. speci- 
en disks coupled with iron were so severely attacked by the hydrochloric 
iid treatment as to necessitate the omission of their data from the tables. 

Tin.—The tin disks were given one to three 5-min. dips in a solution 
(HCl (1:1) at 10 to 15 C. followed by scrubbing under running water. 
iyo specimens that had been coupled with iron required a total immersion 
{50 min. in this solution. The treatment applied to blank specimens 
sowed a loss of 1.0 mg. for a 15-min. period and 3.0 mg. for the 50-min. 
iwatment. It was found that mechanical bending followed by additional 
mmersion in HCl helped considerably to loosen a large amount of corrosion 
1adisk which had been coupled to iron. 

Lead.—The lead disks were immersed in a solution of 1 per cent acetic 

iid at boiling temperature for a period of 2 min. In several cases addi- 
ional dips of from 1 to 13 min. were necessary. ‘The specimens that had 
en coupled to iron were, in addition to the above, immersed for 2 min. 
nasolution of HCI (1:1) at a temperature of 10 to 15 C. This was followed 
y scrubbing under running water. ‘The acetic acid treatment applied to 
lank specimens showed a loss of 2.0 to 3.0 mg. after an immersion of 5 
. The maximum loss for five specimens subjected to the longer treat- 
itwas 8.0 mg. ‘The HCl treatment produced a loss of 1.0 mg. It was 
ind that mechanically bending the disks followed by additional immersion 
acetic acid helped considerably to loosen corrosion products in a few 
ere cases. ‘Two disks which had been coupled to aluminum could not 
‘entirely cleaned by the above treatment. The corrosion, embedded in 
'; was in the form of a white substance (probably insoluble salts of 
minum or lead). No solvent was found for this corrosion product. 

Zinc.—The zinc disks were immersed for two minutes in H2SO, (1:10) 

tion containing 1.2 g. per liter of HgCl, at room temperature. Some of 

specimens, however, required 21 min. ‘The specimens were treated in 
ull vessels and the solution was changed often due to possible removal 
‘the inhibitor (Hg) by precipitation. After treatment, the disks were 

‘bbed under running water. ‘This treatment applied to blanks showed 
“increase in weight of 4.0 mg. for the 21-min. period. 

Copper.—The copper disks were immersed in a solution of HCI (1:1) 
“10 to 15 C. The specimens were dipped for one or two periods of 15 
. followed by scrubbing under running water. The treatment applied 
lank specimens showed a loss of 1.0 mg. after an immersion of 30 min. 
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A solution of ammonium carbonate (saturated) was tried in an effort to 
remove a small amount of some remaining corrosion products, but these 
products were not attacked or loosened. 

Final Check.—At the end of a complete cleaning process, five disks of 
each metal were chosen and put through the process for removal of corrosion 
products a second time to check the effect of the process on the cleaned 
metal. ‘The specimens selected were the least attacked so as to minimiz 
any error due to removal of minute quantities of corrosion that might have 
been recessed in pits. ‘The average changes in weight are listed below with 
a brief explanation of treatment: 


METAL TREATMENT 
Tron.................+..+......30 min. 20 per cent NaOH, Zn 
2 min. HCI (1:1) Rodine Negligible 
2.5 min. HCl (1:1) Negligible 
Aluminum.....................30 min. concentrated HNO; Negligible 
15 min. H,SO, (1:10) + HgCh +1 
15 min. HCl (1:1) Negligible 
10 min. HCl (1:1) —| 
WEIGHT MEASUREMENTS 4 


After the corrosion products were removed, the disks were weighed to 
determine the weight changes due to loss of metal by corrosion. The error 
in the weight measurements due to the method of weighing, including the 
precision of the balance used, amounted to approximately 1.0 mg. _ 


PRESENTATION OF DATA 


The data from the visual inspection of the couples, the contact resist- 
ance measurements and the weight changes, corrected for cleaning errors, 
are given in Table I (Plate III). The difference between the weight 
change of each metal coupled with itself and coupled with other metals 
is given in the second weight column. A plus sign indicates that the nor- 
mal corrosion has been accelerated and a minus sign indicates a retardation. 
The weight change data expressed as a percentage of the original weight 
of the disk are given in Table II. 

The method of graphically presenting the weight change data used in 
the 1934 report was used with the present data in preparing Figs. 1 and 2. 
The graphs show the loss in weight as a percentage of the original weight 
of the disk so as to obtain a more accurate comparison of metals of different 
densities. In these figures, the results for the same metal are grouped 
together and the respective exposure locations indicated at the bottom o 
each group. Each disk of the group was coupled with the metal indicated 
by the chemical symbol over the column. For example, the group marked 
‘“‘Aluminum” shows the percentage losses in weight of the aluminum disks 
when coupled with zinc, lead, tin, nickel, copper, and iron, respectively. 
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TABLE I.- VISUAL INSPECTION, cq 
la Jolie, Cal. Sandy Fook, N. J. Key West, Pla. 
we. We WE 
Face Res| Loss Face Los Diff Face Res Dir 
Legend [Aut Color ¢ chng Me |g, Color % |Otm@ Mg| Mg|| Bdge {Amt Color % | Ohms | ue Base 
al S-OR |S-Ge Or S| 30 7 | = || Sear |s-Sp or 1.7] 16] - |S? 
Amount of Corrosion Products Al] S-Gr |S-Ge Or 5 66 10 | = S-Gr |S-Sp or 40 12| SD Br 
al H-Or |H-Ge GrG 7M] 462 | +409 |Inf 203 | H-Ge © | 60M] 142 | +126)| Mor & 
T - Tarnish Cul #GrojM-Sp 80 41 -102 26 b sew BriM-ce W-G Br 21 | S-D Br 
S - Slight al H- H-Ge BrGr | *** | *** Brim-ce Br 0 | 9.0 | | SI 
M Medium Ye| H-Br|H-Ge Br Gr 0 12% | -1684 0 598 |+79||s-Br |M-ce Br 0 | 
H Heavy al M-Gr | H-Sp Or S| im] +162 2 48 | 1.7 | Sl] +34) >! 
Vu - Very Heavy Sn] S-GrjM-Ge Or 2 32 -4 ts) - - T-Gr |M-Sp W 20 1 S-D Br 
al Mor |S-Sp Gr 80 | 2.0 lo -43 10 }5.0}] 1 | Tear |[T-Sp or 4 | 3.5 1] 
Zn| H-LtG@r] S-Ge Gr Br 10” 697 | +273 10 66 | Sar |S-Sp cr 30 “| T-Gr 
Extent of Corrosion Products al M-Or | H-Ge Gr o| 26) 26] +23 15] Int] 41 | Sar W 5 | 3.0] SO | +36) 
Mi] T-GrjS-Sp Gr 90 5 0 40 u Tea S-Sp W 60 T-Bk 
Sp - Spotty al S-Gr | H-Ge Gr Inf 215 +162 8&7 +78 S-Or |M-Sp Lt ar SM 73 + Dr 
Ge - General Po} S-Gr/|S-Ge or 0 76 -17 37 | Sor |S-Sp cr 20 | T-Br 
Cu S-G |MGe BrBk O | 1.7] 136 - 90 11.7] 13 | |] Bi T-ce Br 95 | 1.7] 14] T-Be 
|MGe Br Bk 0 150 - 90 16 | = || T-GrBuyT-ce Br 95 14] T-Bk 
Color of Corrosion Products Cu S-Br|M-Ge Br o | 35m} 120 -23 25] 27 T-Br |M-Ge Br 0 |20.0} 19] +8} SD Br 
Fo| WDB} H-Ge Br 4278 | +136 649 #150 || M-D BriM-Ge D Br 819 H-Br 
G - Green Cu 8-Gr|S-Sp GBk 0.5 | 1.8 2. | -122 511.7} 2 | Tw Bris-Ge Br Bk 2 | 1.7] 16] S-Bk 
Gr - Gray H-Gr|/S-Sp G Bk 10 357 | +321 70 |S-Ce Bk 20 107 | +64] 
B - Blue cu M-Or|M-Ge GrBk Inf 26} 211.7] 12 | mar |[S-cecrck 5 | 1.7] 14 T-Br 
Br - Brow Zn| H-Gr|MGe Or Bk 2 953 +52 5 100 T-Gr [S-Sp Gr 20 71 | +39) 
Bk - Black cu H-G | M-Ge 42 +286 90 }1.8] 19 | ¢ T-Br@)}T-ce Br 95 3.0 20 +@| T-Bk 
W- white Ni] S-GrG|S-Sp Bk G 95 4 95 7 | |T-ceNn 98 1 | 
N - Netural cu S-or|S-Ge BkB 5S/| 3.5 “4 8 | |S-ceGrBr 1 | Inf 9 | S-D Br 
Lt - Light Po| MBrGr) M-Ge BrB 295 +202 75 42 | S-cr |T-Sp D Gr 50 115 | +14) T-Br 
D - Dark 
VH-Br| VH-Ge Br 0O**} Inf} 2664 - Inf | 525 - M-Br jM-Ge Br 0 Inf | 453 || H-Br 
Ye| VH-Br| VH-Ge Br S13 | - || M-Br |M-Ge Br 0 495 | - || 
De - Deformed Fe Ve-Br| H-Ge Br 20°*] 1.7] 2353 | -S69 2}Inf |} 511 | <8 M-Br Br SO | 1.8 | 283 H-Br 
Sn| S-Gr | H-Ge Br 40** 347 +311 1 |+49|] Sar |S-ce Br De 50 165 |- S-D Br 
-- Per cent of disk area not covered Fe M-Br | MSp Br 20°*] OM} 404) -2448 10 14.0] 5 | 5.0} 15 8-Br 
with corrosion projucts. H-or | M-Sp GrBr 10728 +648 5 10l | Gr 2 102 | T-Br 
Fe H-Br | H-Ge Br 2964 +42 O | 534 | +15 Br|u—ce D Br 10 Inf | 561 | H-D & 
(a)-- Difference between the average S-Br | S-Sp Br 10 25 +20 5 12 [S-Sp Br 20 5 S-Br 
weignt change of each metal coupled § Fe H-Br | H-Ge Br Inf| 2783 O [Inf S-Br [S-Ge Br 2 Inf | 212 |-264/ H-Br 
with itself and when coupled with Po| S-Br | H-Ge 0 160 +67 5 68 Br/S-Ge Br 20 136 | +37] 
other mtel. 
sn |T-or|t-ce or - | 1.7) 3] - 90 ]1.7] 14 | = || Tor [Tce Bcr 95 | 1.7 | | 
M Following nusber in the resistence T-Or | Or - 37) - 90 15 | - || T-Gr |T-ceb Gr 95 21 | 
oo lum indicates thasends; for Sn wor | S-Sp Gr 1.? 25 96 [1-7] 7 | T-Gr |T-Sp Gr 50 | 1.7 O | 
example, 3.5 M mans 3500. zn} HOr | S-Sp or 10°* 047 | +423 60 56 || S-Gr |S-Ge Gr 2 48 | +14) 
S-Gr | S-Ge Gr 10 1.7] 134 +98 SO ]1.7] 21 | *6/)s-cr |T-cepar 60 | 1.7 | 18 | 
mi} S-Gr | 5-Ge Gr 10 1 -4 60 8 [T-Ge D Tint 90 1 | 
sn |S-0r|s-Sp Gr 10 | 1.7) 41 +5 {1.7 9 | <6 Gr so j mf | | 
Po| S-Or | S-Sp OrDe 95 77 -16 50 36 | *6||/S-Or |T-Ce Or 30 126 | +28) 
zn H-Or | M-Ge GrBk 1.7} 370 90 33 | =. || S-Br 
Nominal Weights of Discs in Grms Zn| H-Gr | M-Ge Gr Bk 5** 478 - 90 a7 oa ~ S-Br 
za H-or | M-Ge GrBk 1 1.7} 1492 |+1068 20 14.5] 70 |+30 || sear |s-ce ar 2 | 4.0 | 86 | 
Aluminum 4.6 wi} S-or | S-Sp a@ 4 2 -3 15 2 | -6 || Gr 2 | T-Be 
Copper 14.9 zn S-Gr | M-Ge Or 5 1.7] 1314] +890 2 |186 $146 |s-Ge Gr 10 | 5.0 | sl | 
Iron 12.8 Po| H-Gr | M-Ge Gr Bk 2** 296 | +205 10 7 |+43 || seor Gr 5 108 | +4| T-Br 
Tin 12.4 
Zine 11.9 Ni | S-Ge 90 1.8 3 912.5) | = || -Spltc 9% 1.8 2 || T-Bk 
Nickel 14.6 | s-Ge 9 - 98 8 \|™ “SpltG 2 | -]}T-Be 
Lead 19.1 wi | S-8p Or 20 2.1 3 -2 90 jInt | 6 | W 95 | Inf | Br 
| S-Sp Gr 20 201 | +180 70 % | || Gr 10 13 |+14|T-Br 
Inf | || or cr | Inf | 
2 | - || cr 30 100 | 


**corrosies products 


on back face. 


NGE IN 
HT, MG. 
ligible 
ligible 
ligible 
— 


TABLE I.- VISUAL INSPECTION, CONTACT RESISTANCE AND WEIGHT LOSS OF METAL DISKS IN GALVANIC COUPLE CC 


Key West, Pla. Pittsburgh Pa Altoona Pa 
“WET We = 
Res; loss Diff __ Face Res used Dif Face Res | Lose Reo | 
Ohmg Mg|| Edge ‘Amt Color % |onms| we} Me | Bage [amt Color % |Obms| Me | Me Bige | Color Ohms | 
fe (a) 
|| SD Br [S-Sp Gr so] 1.7 4; - Br | S-Sp Gr 1.6 
bee Bl & 6} - |sspcr 30 
|Inr| 203 Mew | © 142 | +1281] Br] T-Sp 1.7} +6 is-cr | M-Ge 2} 4.0 
26 SW BriM-Ge W-G Br 0 21 S-D Br | T-Ge -27 fif-D Br | M-Sp Lt G-Br 5 
0 lint eae eee BriM-Ge Br 0 9.0 eee S-D Br Br 1.8 S-D Br M-Ge Br S| Iaf 
598 Br | H-D Br | M-Ge Br 424)-337 Br | M-Ge Br + 
2 48 | +39 Sea M-Ge 10 1.7 51 | +37) SD Br | Gr 40; 1.8 9| +4 Br] M-Sp Gr 10} 1.0 
- - || |M-sp 20 1 S-D Br | S-Sp Gr 30 -16 it-p Gr | S-Sp Gr Bk 10 
10 | 5.0 1 Tar |T-sp or «0 35 T-D Br | S-Sp Gr 1.7 Br | T-Sp or 80] Inf 
10 66 | Sar |S-Sp cr “ T-Gr S-Ge Or 30 85) +24 Br | T-Sp Gr 80 
15 41 | Sear 5 3.0 50 | + Ht-Bk |S-S3pGGr 60/ 1.8 9} [S-Gr BrjM-GeGrw 5) SOM ‘ 
0 u | 60 |S-Sp Be Gr 10 15] -15 Br |S-Sporw 2 
|Int| 87 | |M-sp Lt ar 30 5M 73 + SD 4] 3,90 5 O Br | M-Ge Gr Br 10) 3.5 
37 *71| Sor |S-sp cr 20 80 | T-Br |T-SpDBr 4 35] -S Br | M-Ge Or DBr 10 
9011.7] 13 | = |] Ba T-ce Br 95 | 1.7] 14] m& 5] 1.7] 39} SD Br |T-ceDBr 80} 3.0 | 
90 16 | - tor Br 95 14] T-Bk |T-Ge 5 41} - #S-D Br |T-deD Br 60 | 
25] 27 T-Br [M-Ge ar | 20.0 19 +9) S-D Br | H-Ge Br 2} 3.0 40 O Br | M-Ge Br 2} 10 
0 649 #1301] MD BriM-Ge D Br 0 819 H-Br | Br 2 1309|+548 M-Ge Br 2 
541.7] 20 Bri/s-ce Br Bk 2 | 1.7] 16] |S-Ge 20] 1.7] 80} +10 Br | T-Sp D Br SO} 1.7 
70 |s-ce Bk 20 107 | |SGeDGr 30 63] +47 Br | S-Ge D G-Br 50 
12 | mar [s-cecrck 5 | 1.7] 16 T-Br |S-Sp Gr 30] 1.7 4| -36 T-Sp Br 90} 1.9 
5 100 | +60 |S-sp ar 20 71 | |S-Sp cr 30 111} +50 /s-cr T-Sp Gr 90 
90 11.8] 19 + Br 95 | 3.0 | 20] +@|T-Be |S-ceG-Br 25] 3.0 -32 Br | T-Ge Br 4.0 
95 7 | |1-cen 98 1| |sspo 90 73| Br | T-Ge B Tint 98 
65 8 | sear 1 | Inf 9 | S-D Br |T-Ge Br 60] 3.5] 49) +9 Br | Br 60} 3.0 
15 42 |t-sppoar 60 115 | T-Br |T-GeD Br 90 “| *6 Br |SGeDBr 60 
© |} 525 | = || Br | mf | 453 | | Br mnt] 765) M-Ge Br ll] Int | 4 
0 S13 | - || M-Br |M-Ge Br 0 495 | |H-Ge ar 737) M-Br M-Ge Br 1 ry 
2 }Inf |} S11 | Br SO | 1.8 | 283 |-191]| H-Br |M-Ge Br 5] M-Ge Br 6.0 | 
1 Sar |s-ce Br De 50 165 |+140i! S-D Br | H-Ge D-Br De 48] 232 M-Ce Br De 5 
10 [4.0] || S-GrBrjs-cecrsr 5 | 5.0 | 15 |s-sp Brw 10] 27\-734 lis-Br S-Sp Gr Br 40] 4.0 
5 101 | or 2 102 | +64|T-Br |S-Sp 5 119] +56 Gr | S-Sp Gr «0 
[Inf | 534 MD Brim—ce D Br Inf | 561 | +87) H-D Br |H-Ge Br O} tat] 677}+116 H-Ge Br 2] Int | 5: 
5 12 | |s-Sp Br 20 5 | *3)s-Br |S-3p Br 20 43} +13 }is-Br M-Sp Br 30 
|Inf |s-ce ar 20 | Inf | 212 | Br 20] 6.0] 661]+120 M-Ge Br So] 4.5 | 4 
5 68 Bris-ce Br 20 136 | +37|T-Bk |M-Ge Br De20 74| #36 Br | S-Ge D Br Des0 
90 | 14 | = || T-cr BGr 95 | 1.7 | 28) pr 6] 1.7] 17] - pr |scepsr 1.7 
90 15 | - BGr 95 21) |S-spcr ser 60 15} - Br 80 
98 7 | Tor Gr | 1.7 0 | -25! | 3-sp Gr 20} 1.7 3] -13 Br | S-Sp D Br w 80] 1.7 
80 56 +16 || S-cr Gr 20 48°14) |s-sp cr 3x0 89| +28 Br | Gr DBr 70 
SO 2 | +6 | Sor 60 | 1.7 | 18 | |sspcr ar 6] 1.7} 10] -6 Br 80} 4.0 | 
a | Tet =  |S-Sp Gr Br 60 34] +4 |SceBr 60 
Cr T-Bk |S-SpDBr 30 46] +6 fis-D Br |SeDBr 60 
90 [1.7 | 33 | scr Or 6 | 166 40 | [S-SpGrBr 30] 1.6] 65) - T-Sp Gr 60| Inf 
90 47 - || Scr cr 80 31 ~ || S-Br S-Sp Gr Br BO 56 - SGr T-Sp Gr 80 
2 14.5 | 70 | +30 || or 2 4.0 56 | +20) S-Sp Gr 38 97| +36 S-Ge Gr 75} 1.7 
15 2 | cr 0 T-Bk S-3p Gr 3} Br | T-Sp Gr 90 
2 11.7 1166 $146 s-or cr 10 5.0 Sl | S-Sp Gr Br Inf} 106] +47 T-Sp Gr 1.8 
73 \+43 || sear or 4 10g | |S-Sp Gr Br 48) +10 T-8p Gr 
25) 6 | = |ine 96 | 1.6 2 | -||T-& Is-spco 9} 1.68] - ar |T-ceDBr 1.8 
8 Lt 98 2 | {s-spoa 90 - fis-D Br |T-ceDBr % 
Int | 6 | ling 95 | Inf © | -4|T-D Br |?-sp Br 60 | Int] 31] +1 Hsp Br | T-Ge Gr 80] 2.5 
*6 || s-or Gr 10 15 |T-Sp Br De 30 73|*SS Br |T-GeDGr 75 
T-Bk |T-Ge Bk 60 42} - Br |T-Ge or | 
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-VANIC COUPLE CORROSIOW TEST AFTER 3-YR. EXPOSURE. 


PROCEEDINGS. 


PLATE 
AM. SOC. TESTING MATS. 
VOL. 35, PART 1. 
REPORT OF COMMITTEE B-3: 
GALVANIC COUPLE CORROSION TESTS 


Olmes 


Rochester WY 


Ba®SS55oaun 


8 


fe 


SSSBSSES 


bes 


BSKR SSSAISS 


1.0 


Inf 


New York City Phoenix Aris. State College Pa 
wt 
Res Face 4 Face | Pace Res. | Loss 
amt Color | Color Amt Color | Me Bdge (Amt Color Me 
ar 1.? S-Ge Lt @ 40 80 N - |2.4 0 
T-Sp @ 80 S-Ge Lt Gr 40 N 80 0 T-Ge N e 
95] 1.7 M-Ge @r G Gr 90 8 Gr 50 }1.8 
Br 80 Or Br S-Ge Gr 90 2 S-GeGr|M-Sp Gr 50 2 
SSp Br@r 10; 1.8 S-Sp Br S-Sp Br 20 eee T-GeBr|M-Sp Gr Br 5 |*** 
S-Ge Br Or 5 H-Ge Br ° S-Sp Br 20 33 M-Ge Or Br 2 184 
T-Sp Or 75} 1.9 S-Sp Or 40 s-sp Gr 60 2 S-SspGr 55 }1.8 2 
T-Sp Or 75 S-Ge Or 20 S-Sp Gr 70 S-Sp Gr 55 1 
TSp Gr 98) 2.5 S-Ge Lt @ 60 S-sp Gr 40 1 S-Ge Gr 2 | Int 0 
TSp or 98 S-Ge 5 S-sp Gr 40 u T-LtBr|W-sp Gr 40 26 
Tsp 98} 1.8 3Sp Or 16 S-sp Gr 90 1 S-sp Gr 60 8 
Or 96 S-Sp or 10 Tarnish 100 T-LtBr|S-sp Gr 6s 3 
T-Sp B Tint SO} 2.0 S-Sp @ 30 S-sp Gr 90 2 S-Sp Gr 50 12.5 
TOs D Gr 50 S-Sp arw 50 S-Sp Gr 90 59 5-Sp Gr 60 36 
T-Ge Br 95] 1.9 T-Sp Br 90 T-Ce 100 4 T-Ce N 211.9 
T-Ge Br 95 T-Sp Br 90 T-Ge N 100 3 T-Ge N 2 6 
T-Sp Br G SO; 1.8 M-Ge Br 1 S-Ge Br 90 7 M-Ge Br 60 | Inf 21 
T-Sp BrG 30 M-Ge Br ) S-Ge Br 60 38 M-Ge Br = 5” 223 
T-Sp Br 80} 1.7 sp Br 20 T-8p Br 15 5 S-Sp Lt Br 70 }1.7 6 
Ssp 8s OrG 30 $-sp Gr 90 5 S<Ge DGr 65 13 
T-Sp 90] 1.7 S-Ge BrG 90 S-8p Gr 80 3 T-CeGr 95 3 
T-Sp Gr 90 T-Sp Or 80 S-sp Gr 80 17 T-Ge Or 90 5) 
TGe D Br 90} 10 TSp Br 90 T-Ge N 100 4 T-Ge N 96 }1.7 fs 
T-Ge Br 95 SpB Tint 9% Unaffected 1 T-Ge N 100 ge 
™Sp Br 90 140 u Ge GBr 75 T-Sp Gr 90 6 T-Ge Lt Br 95 | 1.7 ry 
T-Sp D Or 60 S-Sp ar 80 Gr 90 Tsp Gr 90 42 
Br M-Ge Br M-Sp Br 10 4? M-Sp Br 10 | Inf | 205 
M-Ge Br 5 M-Ge Br ° M-Sp Br 10 aa M-Sp Br 10 197 
H-Ge Br 5} 1.9 Br 38 S-Ge Br 30 70 M-Ge Br 5|1.6 | 303 
“Sp Br 15 S-Ce Br De 3 S-Ge Br 30 13 M-Ge Br De 5 le 
T-Sp BrQr 20] 4.0 4 S-Sp Or Br 30 S-Sp Gr 20 1 S-Ge Br 2|s%o | 62 
wW 30 S-Sp 30 Gr 10 23 S-sp Br 5 56 
M-Sp Br 30] 1.7] 489 H-Ge Br ts) S-Sp Br 20 54 “Sp Br 5S |iInf | 265 
+Sp Br 40 8 M-Sp Br 20 S-Sp Br 40 2 S-Sp Br 20 3 
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oF Disks EXPRESSED AS PERCENTAGE OF ORIGINAL WEIGHT. 
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TaBLE II.—GALVANIC COUPLE CORROSION TEST, 3-YR. 
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The heavy solid line through a group represents the average percentage 
weight loss of the two disks of the same metal coupled together as a blank. 
The heavy dotted lines indicate the percentage loss of weight of the 
individual disks in the blanks. The percentage loss in weight of the blank 
is a measure of the normal corrosion rate of this form of specimen of the 


| 
LaJolla Pittsburgh NewYork Altoona Key West Sandy Hook Rochester State College Phoenix 


FiG. 2—Galvanic Couple Corrosion: Percentage Loss in Weight of Iron Disks After Three 
Years of Outdoor Exposure. 


metal in the respective test exposures. ‘The double cross-hatching is used 
to indicate cases where the amount of corrosion of the disk was greater 
than the weight loss of the higher blank. 
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DISCUSSION OF RESULTS 


_An efiort has been made to present the data in a convenient form to 
facilitate an interpretation of the results and the formulation of such con- 
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clusions as seem justified. In drawing conclusions, due consideration must 
be given to all of the several factors involved and tolerance allowances 
made for such limitations and chance variations as are inherent to the 
conditions of test. In utilizing these data it should be borne in mind that 
they apply only to atmospheric exposure. 

It is apparent from an inspection of the 3-yr. data that changes of 
sufficient magnitude have developed in several cases to justify tentative 
conclusions relative to the behavior of some of the metals when in contact 


TaBLE CouPLE TEsT, 3-yR. EXPOSURE COUPLE ACTION 
UNDER TyPICAL ATMOSPHERIC CONDITIONS. 


Severe Marine* Marine Industrial Rural 


Neg- S Con- Neg- Con- Neg- 
tigible> | | iderabledf tigible? | | iderabled} ligible? 
Al*-Cu 7 Al*-Sn | Al*-Cu Al*-Cu 
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Sn-Zn* 


Zn*-Ni 
Zn*-Pb Ni-Pb 


Small? Con 
Small? Senall \siderable? 


Neg- 
4) ligible® 


( ‘u-Pb 


Ni-Pb 


Ni-Pb 


_ @ Severe marine condition at La Jolla, Cal. 
© Couple action negligible. 
: { © Couple action not important but of sufficient magnitude to indicate a trend. 


4 Corrosion considerably accelerated on one or both disks of the couple. 
 * Indicates the metal on which corrosion is greatest. The magnitudes are shown in Ki igs. 1 and 2. 
_ Nore.—The aluminum-iron couples have been omitted because of the loss of the aluminum disks. 


with other metals at particular exposures. In most instances, the 3-yr. 


data, when compared with the 1-yr. results, show a consistent behavior for 
specific metals in a given type of exposure, while in a few cases there are 
minor inconsistencies which are probably within the chance variables of 
the test. In many instances the weight changes have been too small to 
be of significance except as an indication of relative corrosion at the 
respective exposures. The data on a very few couples of the same metal 
(blanks) show a substantial deviation in the weight changes for individual 
disks. It is not felt that indicated acceleration or protection of these metals, 

when coupled to other metals, has any important significance when the 
indicated difference is less than the deviation in the blanks. The symbols 
given in Table II indicate whether the corrosion of the metal listed in the 
first column is retarded or accelerated when coupled with the metals in 
the second column. 
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In Table III an effort has been made to group the couples with re- 
spect to the degree the couple action has accelerated the corrosion of one 
or both metals in the couple; that is, the table is prepared on the basis 
that if either metal is seriously effected by couple action the couple is an 
undesirable one. 

It should be borne in mind, however, that the sacrificial corrosion of 
ne metal in a couple to protect another is sometimes utilized to an advan- 


tage as in the case of protective metallic coatings, that is, zinc coatings on 
ion orsteelh 


The following errors have been discovered in the 1934 report: 
In Table I, the weight losses of the mild steel blank disks at La Jolla 
should read 1114 and 1150 mg. instead of 114 and 150 mg. In Fig. 3 the 
position of the heavy black line indicating the average percentage loss of 
the iron blanks at La Jolla should be at 8.8 per cent instead of 1.0 per cent. 


Respectfully submitted on behalf of the subcommittee, 


C. L. 
Chairman. 
L. J. GORMAN, 


Secretary. 
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REPORT OF COMMITTEE B-4 
ON 


ELECTRICAL-HEATING, ELECTRICAL-RESISTANCE AND 
ELECTRIC-FURNACE ALLOYS 


Two meetings of Committee B-4 were held in New York City on 
October 15 and 16, 1934, and March 11 and 12, 1935, in addition to the 
meeting held during the annual meeting of the Society. 

The present membership of the committee is 30, of whom 15 are 
classified as producers, 12 as consumers and 3 as general interests. 


RECOMMENDATIONS AFFECTING STANDARDS 


Proposed Revision of Tentative Standard.—The committee recommends 
that the procedure for the application of thermocouples as specified in 
Section 7 (b) of the Tentative Method of Test for Linear Expansion oi 
Metals (B 95 — 34 T),! be changed from its present form: namely, 


(b) Calibrated Base-Metal or Platinum-Rhodium Thermocouples and a calibrated 
high-grade industrial potentiometer may be used. Base-metal couples shall not be 
used for more than one cycle of heating and cooling at temperatures over 500 C. 
If platinum couples are used the portions near the specimen shall be cut off after 

- operating for two runs at temperatures over 500 C. 


to read as follows: 
_ (b) Nickel chromium - nickel aluminum (sold as Chromel-Alumel or Nichrome 
T-1—Nichrome T-2), nickel chromium - constantan (sold as Chromel-constantan or 
Nichrome T-1—constantan), iron-constantan, or platinum-rhodium thermocouples, 
_in conjunction with a potentiometer, may be used. If the potentiometer is of the 
; industrial type, it shall be calibrated and the scale corrections thus determined shall 
be applied. The cold junctions shall either be maintained at 0 C. by means of an 
_ ice bath or else the temperature determined by means of a liquid-in-glass thermom- 
_ eter placed very near them. 
(c) Iron-constantan or nickel chromium - constantan (sold as Chromel-constan- 
tan or Nichrome T-1—constantan) couples shall not be used for runs above 500 C. 
and nickel chromium - nickel aluminum (sold as Chromel-Alumel or Nichrome T-! 
—Nichrome T-2) couples for runs above 800 C. If base-metal couples are used they 
F shall not be smaller than B. & S. gage No. 28 and shall be taken from coils of wire 
from which at least two other. couples selected from different parts of the coil have 
_ been calibrated. Each sample shall be used for not more than two cycles of heating 
and cooling. 
(d) A platinum-rhodium couple shall be used above 800 C., protected by 4 por 
- celain tube to within a few millimeters of the hot junction The end of the couple 


1 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 733 (1934); also 1934 Book of A.S.T.M. Tentative 


! A Standards, p. 279. 
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shall be sealed through the end of the protection tube by pyrex glass (or a small 
amount of kaolin and water-glass cement) to prevent contamination of the couple, 
with the exception of a small length of 2 or 3 mm. near the hot junction which is 
attached to the specimen. After each cycle of heating and cooling, the seal shall be 
| examined and if it is not in good condition, or if the projecting ends of the wires 
7 are brittle, this part of the wires shall be cut off and enough wire drawn through the 


seal to form a new junction. 
1 The above recommendation has been submitted to letter ballot of the 
committee, which consists of 30 members; 27 members returned their 


ballots, of whom 19 have voted affirmatively, 0 negatively and 8 marked 
ty on | their ballots “not voting.” 


ACTIVITIES OF SUBCOMMITTEES 
Subcommittee I on Life Tests (J. W. Harsch, chairman).—Accelerated 
life tests are being made in several laboratories on a sample of 80 per cent 
nickel, 20 per cent chromium wire at temperatures of 1950, 2000 and 2050 F. 
(1065, 1095 and 1120 C.) to determine whether higher temperatures may 
mends § be employed to expedite the test. 
sed in Subcommittee II on Electrical Tests (H. L. Curtis, chairman).—Further 
jon of work has been done in the development of a standard method of test for 
temperature coefficient of sheet manganin. It has been necessary first to 
‘brated | (determine the conditions under which the test is to be made. Two 
not be | important factors have been established during the year: 
500 C. 1. The method of attaching potential leads is not important. In one 
ff after § experiment, the leads were soft soldered to the manganin, and in the other 
they were attached to some “‘ears” cut from the manganin. The temper- 
ature-resistance curve was the same in both cases. 
ichrome 2. The method of pickling the sample before test is unimportant so 
ntan or 9 long as all the surface layer of copper is removed. The problem of annealing 
couples, J the sample before test is now under investigation. 
phe Subcommittee IIIT on Chemical Analysis (T. R. Cunningham, chair- 
ns ofan | ™4n).—This subcommittee has recommended the formation of a standing 
ermom- J Committee on chemical analysis of metals and believes that the committee 
should give consideration to methods of analysis for both ferrous and 
—_ non-ferrous alloys. Mr. Cunningham has been designated to represent 
door Committee B-4 in this work. 
sed they Subcommittee IV on Mechanical Tests (P. H. Brace, chairman).—Two 
of wire types of testing machines for determining the stiffness of electrical-resistance 
oil have § Wires are being investigated. Both utilize a falling weighted pendulum. 
 heatins 7 In one machine, the specimen is subjected to bending by impact, while in 
_— the other the weight is in contact with the specimen before the load is 
e coupe | plied. Eight sizes of nickel wire have been tested to compare the two 
ae machines, with a view to the adoption of one machine as a standard. The 
. machines will also be referred to the Sectional Committee on Specifications 


_ 


: 
| 


for Insulated Wires and Cables (Other than Telephone and Telegraph 
functioning under the procedure of the American Standards Association 
for consideration in determining the stiffness of copper magnet wires. 

Subcommittee V on Cast and Wrought Alloys for High-Temperature Use 
(C. L. Clark, chairman).—Some difficulty has been experienced in obtaining 
sound castings for the high-temperature tension test specimen. A new 
pattern is being made. ‘The specimens will be examined with X-ray and 
will then be tested in four laboratories in accordance with the Tentative 
Method of Test for Short-Time High-Temperature Tension ‘Tests of 
Metallic Materials (I 21-34 T). <A high-temperature bend test is also 
under consideration, especially for structural materials. 

In order to determine their tendency to warp at elevated temperatures, 
several nickel-chromium alloys in the form of an eccentric tube are being 
tested at 1800 I’. (980 C.). 

As a test for structural stability, several alloys are being given a Charpy 
impact test before and after heating to 1800 F. (980 C.), and the grain 
size is also being determined. 

Subcommittee VII on Thermostatic Metals (P. H. Brace, chairman). 
In order to avoid confusion it was found necessary first to prepare a set 
of definitions for the various terms used. ‘The name “thermoflex”’ has 
been adopted to designate the various materials which give useful flexure 
under the influence of temperature variations. 

A program of tests is being carried on to determine the deflectivity 
deflection stiffness and hardness of three materials, 0.025 in. and 0.050 in. 
in thickness, representing low, medium, and high-temperature service, 
respectively. The tests are being made in five laboratories—of which 
three are producer and two consumer. It has been necessary for several 
laboratories to build testing equipment and the committee has aided them 
in this development to secure the best results. Part of the test data has 
been secured and has been discussed in the committee. 

This work requires a fundamental study of the subject as there are 
no standards in the industry. It is being carried on in cooperation with 
the Thermostatic Bimetal Manufacturers Association which has represen- 
tation on Committee B-4 and Subcommittee VIJ. 
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This report has been submitted to letter ballot of the committee, which 
consists of 30 members; 22 members returned their ballots, all of whom 


have voted affirmatively. de 
Respectfully submitted on behalf of the committee 


DEAN HARVEY, 


F. E. Basu, Chairman. 
Secretary. 
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REPORT OF COMMITTEE B-5 


ON 
COPPER AND COPPER ALLOYS, CAST AND WROUGHT | 


Committee B-5 on Copper and Copper Alloys, Cast and Wrought, 
held two meetings during the year, at Atlantic City, N. J., on June 28, 1934, 
and at Philadelphia, Pa., on March 5, 1935. Subsequent to its meeting 
last June, as noted in the 1934 annual report, Committee B-5 presented to 
the Society, through Committee E-10 on Standards, three new tentative 
specifications for copper-silicon alloys and tentative revisions of three 
standard specifications.' The new specifications and revisions were accepted 
as tentative by Committee E-10 and appear in the 1934 Proceedings? 

A paper being presented at this annual meeting of the Society by J. W. 
Bolton on “Some Tests on ‘Tin Bronzes at Elevated Temperatures,’” 

iscusses studies of alloys which are of interest to Committee B-5. 


I. Proposed Tevitative Standards.—At the March meeting of the com- 
ittee the following three new specifications, which were prepared by 
subcommittee IT on Wrought Metals and Alloys (D. K. Crampton, chair- 

n), were considered by the committee and approved for reference to 
tter ballot. The committee recommends that these specifications be 
epted for publication as tentative, as appended hereto: 

Tentative Specifications for Copper-Silicon Alloy Wire for General Purposes* 

Tentative Specifications for Wrought Phosphor-Bronze Bearings and Expansion 

Plates for Bridges and Structures® 
Tentative Specifications for Wrought Silicon-Bronze Bearings and Expansion 
Plates for Bridges and Structures* 

The specifications providing standardized requirements for copper- 

silicon alloy wire were prepared as a result of a demand for a specification 


1In submitting these recommendations to Committee E-10 on Standards, Committee B-5 reported the 

wing results of the letter ballot vote of a total of 24 ballots returned from a committee membership of 49: 

the three Tentative Specifications for Copper-Silicon Alloy, 17 affirmative, none negative and 7 ballots 

ked “not voting”; tentative revision of Standard Specifications for Steam or Valve Bronze Sand Castings 

1-28), 19 affirmative, 1 negative and 4 ballots marked “not voting;” revision of Standard Specifications 
‘Composition Brass or Ounce Metal Sand Castings (B 62 —- 28) and for Sand Castings of the Alloy: Copper 

er cent; Tin 8 per cent; Zinc 4 per cent (B 60 — 28), 20 affirmative, none negative and 4 ballots marked 

t voting; withdrawal of Standard Specifications for the Alloy: Copper 88 per cent; Tin 10 per cent; 

> 2 per cent (B 10-18), 20 affirmative, 1 negative and 3 ballots marked “not voting.” 

? Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 249 (1934); also pp. 692 to 702, 1259 (1934). 

* Proceedings, Am. Soc. Testing Mats., Vol. 35, Part II, p. 204 (1935). 

‘See p. 750. 

‘These specifications were accepted as tentative and subsequent to the annual meeting Committee B-5 
sented to the Society on August 22, 1935, through Committee E-10 on Standards a proposed revision of the 
utative specifications. ‘This revision was accepted by Committee E-10 and the specifications in their revised 
appear on p. 732. 

‘At the annual meeting these specifications were referred back to Committee B-5 for further consideration, 

Summary of Proceedings, p. 23.—Eb. 
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to cover material now being sold and used extensively for various structural 
purposes. The wire in question is well adapted to the making of bolts, 
screws, nails, rivets, springs, or other structural members requiring a 
"material of high strength and high corrosion resistance. It was not possible 
to have these specifications in satisfactory form in time for inclusion with 
. { the specifications for copper-silicon alloy in other forms which were accepted 
for publication as tentative by Committee E-10 last August. Subcommittee 
I is now engaged in the preparation of other copper alloy wire specifications 
_ primarily intended for electrical purposes. 
The specifications covering alloys for bearings oul expansion plates for 
; bridges were prepared to satisfy a continuing demand for guidance in the 
use of wrought metal as an alternative to the cast metal hitherto specified 
_ in this field as covered by the Standard Specifications for Bronze Bearing 
Metals for Turntables and Movable Railroad Bridges (B 22-21). The 
-committee has under consideration the combination of these specifications. 
IT. Specifications Continued as Tentative—The following specifications 
_ which have been tentative for a period of three years will be continued in 
4 this form for another year in view of the general program of comparative 
studies of all casting specifications now under way in Subcommittee II on 
Cast Metals and Alloys (G. H. Clamer, chairman): 
Tentative Specifications for Copper-Base Alloys in Ingot Form for Sand Castings 
(B 30-32 T) 
Tentative Specifications for Sand Castings of the Alloy: Copper 80 per cent; 
Tin 10 per cent; Lead 10 per cent (B 74-32 T) 
_ The recommendations appearing in this report have been submitted 
to letter ballot of the committee, which consists of 54 members; 31 members 
returned their ballots, the results being as follows: 


Ballots 

Affirm Neg- | Marked 
Items ative | ative | “Not 
Voting 


Proposep TENTATIVE STANDARDS 


7 Specifications for Copper-Silicon Alloy Wire for General Purposes...............-++.-e+eeeee0 20 2 9 
4 Specifications for Wrought Phosphor-Bronze Bearings and Expansion Plates for Bridges and 


: Specifications for Wrought Silicon-Bronze Bearings and Expansion Plates for Bridges and 
22 0 9 


This report has been submitted to letter ballot of the committee which 
consists of 54 members; 40 members returned their ballots, of whom 36 
have voted affirmatively and none negatively. 


Respectfully submitted on behalf of the committee, 


| C. H. MATHEWSON, 
D. K. CRAMPTON, eee Chairman. 
Secretary. 
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~REPORT OF COMMITTEE B-6 
ON 


DIE-CAST METALS AND ALLOYS 


Committee B-6 on Die-Cast Metals and Alloys has held two meetings 
during the year, one at Atlantic City, N. J., on June 29, 1934, and one at 
Philadelphia, Pa., on March 6, 1935, with an attendance of about 35 at 
each meeting. Certain of the subcommittees have held meetings at various 
times during the year. The resignation of Mr. C. R. Maxon from the 
committee has been accepted and Mr. W. W. Broughton, representing 
the New Jersey Zinc Co., has been elected to fill his place. At the present 
time the committee consists of 53 members, of whom 19 are classified as 
producers, 19 as consumers and 15 as general interests. 

Mr. J. C. Fox has been appointed to represent Committee B-6 on the 
Joint Committee on Exposure Tests of Plated Coatings consisting of 
representatives of the National Bureau of Standards, the American Electro- 
Platers’ Society and the A.S.T.M. 

Mr. H. A. Anderson has been appointed chairman of a subcommittee 
consisting of Messrs. D. L. Colwell, J. A. Gann, C. E. Heussner, E. H. 
Dix, Jr., W. M. Peirce, J. R. Freeman, Jr., and J. R. Townsend to prepare 
an exhibit of the work of Committee B-6 for the Detroit meeting. This 
committee is responsible for the assembling of the material and the proper 
presentation of the exhibit at the annual meeting. 

Mr. Sam Tour, chairman of Committee B-7 on Light Metals and 
Alloys, Cast and Wrought, has presented to Committee B-6 a tentative 
draft of Specifications for Aluminum Die-Casting Alloys in Ingot Form. 
This draft has been submitted to Committee B-6 for comment before 
further consideration by Committee B-7 at its June meeting. 

A special committee has been appointed consisting of the Advisory 
Committee of Committee B-6 plus other members to be added by the 
Advisory Committee to constitute a committee to act as a clearing house 
for discovering causes of contamination of die castings so that the industry, 
in general, would be kept advised of any such findings. 


RECOMMENDATIONS AFFECTING STANDARDS 


Proposed Tentative Specifications—The committee recommends that 
the proposed Tentative Specifications for Lead and Tin-Base Alloy Die 
Castings! be accepted for publication as tentative. ‘This recommendation 
er 


1 See p. 753. 
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has been submitted to letter ballot of the committee which consists of 
64 members; 37 members returned their ballots, of whom 22 have voted 
affirmatively, none negatively, and 15 marked their ballots ‘not voting.’ 

Specifications Continued as Tentative-—The committee recommends 
that the Tentative Specifications for Aluminum-Base Alloy Die Castings 
(B 85-33 T) and the Tentative Specifications for Zinc-Base Alloy Die 
Castings (B 86-34 T) be continued as tentative without revision. The 
question of revision of these two specifications is now under active discus- 
sion by the respective subcommittees with the likelihood that some revisions 
may be prepared during the coming year. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Aluminum Base Die-Casting Alloys (E. E. Thum, 
chairman).—On the basis of the experimental work in the Research Labor- 
atory of the Aluminum Company of: America the subcommittee has under- 
taken a study of aluminum alloys Nos. IV and V corresponding to these 
grades in the Tentative Specifications for Aluminum-Base Alloy Die 
Castings (B 85 — 33 T) but of higher purity and with narrower composition 
ranges. ‘The results of this work to date are reported in Appendix I. 

Subcommittee IT on Zine Base Die-Casting Alloys (C. i. Heussner, 
chairman).—Mr. C. I. Heussner has been appointed chairman of this sub- 
committee since Vice Chairman W. H. Graves resigned from the chairman- 
ship of Subcommittee IT. 

Subsequent to the 1934 annual meeting on the recommendation of this 
subcommittee, Committee B-6 presented to the Society through Com- 
mittee E-10 on Standards a revision of the aluminum content of zinc-base 
alloy No. XXIII as covered by the Tentative Specifications for Zinc-Base 
Alloy Die Castings (B 86-33 T). ‘This revision consisted in changing 
the maximum aluminum content from ‘4.5 per cent” to “4.3 per cent.” 
The revision was accepted! by Committee E-10 at a meeting held on 
August 22, 1934, and the specifications in their revised form appear in the 
1934 Proceedings.” 

Subcommittee IIT on Tin and Lead-Base Die-Casting Alloys (G. 9. 
Hiers, chairman).—This subcommittee held two meetings during the year 
and has prepared proposed Tentative Specifications for Lead and Tin-Base 
Alloy Die Castings which are recommended for publication as tentative.’ 
Supplementary methods of analysis for iron, zinc and aluminum in this 
type of alloy have been submitted to Committee E-3 on Chemical Analysis 
of Metals for their consideration. 


1In submitting this revision to Committee E-10 on Standards, Committee B-6 reported results of the 
letter ballot vote as follows: Of a total membership of 65, 44 members returned their ballots, of whom 37 
voted affirmatively, 0 negatively, and 7 marked their ballots ‘“‘not voting.” AS ; 
_ 2 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 706 (1934); also 1934 Book of A.S. T.M. Tenta- 
tive Standards, p. 252. 
3 See p. 753. 
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Subcommittee [V on Physical Tests of Die Castings (R. L. Templin, 
chairman).——The chairman reports that consideration has been given to 
the Monotron hardness tests of die castings, but as yet no work has been 
done along this line. There is work in progress in several laboratories on 
the fatigue testing of die castings, although the data are not yet available. 
A form of test specimen similar to that used on the R. R. Moore type of 
rotating-beam machine has been worked out. Some tests are also under 
way with a flat type of specimen. With the rotating-beam type of specimen 
it was found necessary to grind and polish the surface of the specimen and 
to machine the ends to insure that they were concentric with the reduced 
section. The problem of providing a flat type die-casting specimen is 
practically solved and since it is desirable to test material having a surface 
as cast, this work is being carried out on such specimens. 

Subcommittee V on Exposure and Corrosion Tests (W. M. Peirce, chair- 
man).—This subcommittee has completed the testing of the specimens 
from the 5-yr. indoor and outdoor corrosion racks, covering both zinc and 
aluminum alloys. ‘The report of these tests appears as Appendix II. The 
tables in this report show the alloy, the exposure location, type of specimen, 
and test results comprising the tensile strength, elongation and impact 
strength. 

Subcommittee VI on Finishing Properties of Die Castings (J. C. Fox, 
chairman).--The chairman of this subcommittee has under preparation a 
paper on the subject of finishing of die castings which will be available 
next year. 

Subcommittee VII on Magnesium-Base Die-Casting Alloys (J. A. Gann, 
chairman).—This subcommittee recommends that the Tentative Specifica- 
tions for Magnesium-Base Alloy Die Castings (B 94 — 34 T) be continued 
as tentative. 


This report has been submitted to letter ballot of the committee which 
consists of 64 members; 34 members returned their ballots, all of whom 


have voted affirmatively. 
Respectfully submitted on behalf of the committee, 


J. R. TOWNSEND, 
Chairman, 
P. V. FARAGHER, 
Secretary. 
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APPENDIX I 

of 
AN INVESTIGATION OF ALUMINUM DIE-CASTING ALLOYS Tak 
Nos. IVa AND Va 
At a meeting of Committee B-6 on February 21, 1934, data and _ 
exhibits were presented which illustrated that an improved aluminum die- — 
casting alloy of the 12 per cent silicon type could be produced if certain 1808 
limitations were incorporated in the present specifications. Subcommittee] om 
was requested to investigate the controlled-purity grades of the 5 per 1382 
cent silicon (No. IV) and 12 per cent silicon (No. V) alloys, to be designated, “ 
respectively, as alloys Nos. [Va and Va. Alloy No. V, of a composition = 
typical of the present specifications, was to be included in the tests as a am 
control material. A subgroup consisting of H. A. Anderson, D. Basch, a 
E. H. Dix, Jr., C. L. Hippensteel, and G. M. Rollason was appointed to eis 
plan and conduct the tests. 1-35 
The purpose of this report is to record briefly the activities incident 133 
to the planning, preparation for, and initiation of the tests and to report 50 
data covering the analyses and original mechanical properties of the alloys 5 
being studied. All tests are now in progress. Subsequent reports will “75 
cover the accelerated or the atmospheric corrosion tests. 
Plans for the Investigation: 
Briefly, the plans for the test proposed that the General Electric Co. 2h 
and the Aluminum Company of America, who had volunteered to produce 4-1 
the required specimens, each supply 350 standard round and 80 standard tt 
flat die-cast specimens of each of the three alloys. Duplicate sets of five 5 
specimens each were then to be used for original mechanical property 1 
determinations, exposures to the 3} per cent salt spray for three periods* sa 
at two laboratories, similar exposures? by alternate immersion in a 3} per i 

cent sea-salt solution, and atmospheric exposures at three of the Society's 

exposure stations. The Western Electric Co. and the Aluminum Research 
Laboratories offered to make the necessary tests, while the Bell Telephone som 
Laboratories agreed to conduct, as representatives of the Western Electric tha 
Co., half of the salt-spray tests. of | 
Preparation of Specimens: 
Che 


In accordance with the plans, the two producers cast the required 
specimens of each alloy, from compounded ingot metal supplied by the 


1 Tentative Specifications for Aluminum-Base Alloy Die Castings (B 85-33 T), Prococtings,, - Soc. vac 
Testing Mats., Vol. 33, Part I, p. 641 (1933); also 1934 Book of A.S.T.M. Tentative Standards, p. 247 
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Aluminum Company of America, and shipped them to the Aluminum 
Research Laboratories. The reported casting dates are included in Table 
III. The specimens were then stencilled with the assigned alloy identifi- 
cation number and a specimen serial number and were assembled in packs 
of five (each pack containing five bars with consecutive serial numbers). 
Table I gives the distribution of specimens among the several tests. In 


TABLE I.—IDENTIFICATION OF MATERIALS AND DISTRIBUTION OF SPECIMENS IN TESTS. 


nd IDENTIFICATION OF MATERIALS 
Identification Number | Alloy Producer 
1e- 
I No. V_ | Aluminum Company of America 
e 
OF SPECIMENS IN TESTS 
Number 'es y? Number Test, 
sa 
ch | Se Original properties.............0.0+. A 191-195..... Blanks—5 yr. atmospheric........... A 
il, 311-315..... Original A 231-235..... Blanks—10 yr. atmospheric. ..... A 
6-10........| Original properties................. W 271-275.....| Blanks—indefinite atmospheric....... A 
to l1-15.......] Blanks—12 weeks salt spray......... A 196-200..... Blanks—5 yr. atmospheric........... Ww 
16-20.......| Blanks—12 weeks salt spray......... A 236-240..... Blanks—10 yr. atmospheric.......... WwW 
21-25.......] 12 weeks salt spray at A............. A 276-280..... Blanks—Indefinite atmospheric....... WwW 
t 26-30.......] 12 weeks salt spray at A............. B 201-205..... Sandy Hook—5 yr.............. — a 
1-45...... weeks salt spray at B............. 241-245..... Sandy Hook—10 yr................. 
ort 16-50... 12 weeks salt spray at B............. B 246-250... Sandy Hook—10 yr................. W 
5 s1-5....... Blanks—26 weeks salt spray......... A 281-285..... Sandy Hook—Indefinite............. A 
oy I-65.......] 26 weeks salt spray at A............. A 286-290..... Sandy Hook—Indefinite............. WwW 
ill 6-70.......| 26 weeks salt spray at A............. B 211-215..... A 
1-75.......| Blanks—26 weeks salt spray.......... 216-220..... New York—5 OW 
R1-85...... 26 weeks salt spray at B............ A 251-255..... A 
§6-90.......] 26 weeks salt spray at B............. B 256-260..... W 
1-105..... 1 year salt spray at A................ A 291-295..... New York—Indefinite............... A 
ee 1 year salt spray at A................ B 296-300..... New York—Indefinite............... W 
Co. 26-130..... 1 year salt spray at B ............... B 261-265.....] Altoona—10 A 
Blanks—12 weeks alternate immersion A 266-270.....| Altoona—10 WwW 
luce 140.....] Blanks—12 weeks alternate immersion] W_ 301-305..... A 
15-150... weeks alternate immersion. . 
1-155... Blanks—26 weeks alternate i immersion A 
five 160..... Blanks—26 weeks alternate immersion W Flat Specimens 
-165..... 26 weeks alternate immersion. A 
erty §6-170.....| 26 weeks alternate immersion. W 
190..... Blanks—1 year alternate immersion. W eee Sandy Hook (microscopic examination)| A & W 
per $1-185.....] 1 year alternate i immersion........... A 31-40.......| New York (microscopic ex: A&W 
ty’s 1 year alternate immersion....... W_ 151-60 ......] Altoona (microscopic examination)....| A & W 
: a *A= Aluminum Research Laboratories, B = Bell Telephone Laboratories, W = Western Electric Co., Soden Plant. 
arc. 
none some cases, notably for the salt-spray tests, more “blanks” were set aside 
ctric than it was considered would probably be required, in order to take care 
of possible contingencies. ‘Those groups probably will not be tested and 
te omitted from the table. 
tired Chemical Analyses: 
"the Five round and two flat tension specimens of each alloy as made by 
n. Sot. cach producer were selected at random from the lots received (except No. 


| 
wets 


TABLE IIT.—CHEMICAL ANALYSES OF MATERIALS. 
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@ Composite from 5 specimens. 6 Composite from 2 specimens. 


TABLE III.—OriGInAL MECHANICAL PROPERTIES. 


ae Manga- | Magne- Alumi- 
Hestiiention Alloy | Silicon, | Iron, | Copper,| nese, sium, Zine, | Nickel, | Tin, Lead, | num, 
stand percent | percent | percent | percent | percent percent | percent | percent | percent | per cent 
| 
14865..... No.IVa| 4.72 1.06 0.10 0.01 0.01 0.00 0.01 0.00 0.00 | balance 
15431... No.IVal| 4.78 1.11 0.10 0.02 0.01 0.00 0.01 0.00 0.00 | balance 
14866........... | No. Va] 12.02 1.06 0.09 0.01 0.01 0.00 0.01 0.00 0.00 | balance 
15432............1 No. Val 11.87 1.34 0.09 0.01 0.00 0.00 0.01 0.00 0.00 | balance 
ES al dha 5 ar No. V 12.18 1.37 0.42 0.25 0.05 0.51 0.31 0.05 0.02 | balance 
eee No. V | 12.09 151 0.42 0.26 0.06 0.52 0.32 0.05 0.03 | balance 
Fiat Specimens? 
14865...... No.IVa} 4.75 1.07 0.09 0.01 0.01 0.00 0.01 0.00 0.00 | balance 
15431... No. 4.67 1.09 0.10 0.02 0.00 0.00 0.01 0.00 0.00 | balance 
eee No. Va| 12.13 1.11 0.09 0.01 0.01 0.00 0.02 0.00 0.00 | balance 
15432...... No. Va} 11.91 1.22 0.09 0.01 0.00 0.00 0.01 0.00 0.00 | balance 
ae No. V | 12.16 1.40 0.42 0.24 0.05 0.51 0.31 0.05 0.03 | balance 
15433............]No. V | 12.01 1.51 0.42 0.26 0.06 0.52 0.32 0.05 0.03 | balanee 
max, max. max. max. max, max. max. max 
Nominal..........| No.IVa] 5.0 1.5 0.15 0.1 0.05 0.20 0.10 0.05 0.05 | balance 
No. Val 12.0 1.5 0.15 0.1 0.05 0.20 0.10 0.05 0.05 | balanee 
No. V | 12.0 2.0 0.6 0.3 0.1 0 75 0.50 0.10 Sack = 
| 


* A = Aluminum Research Laboratories, W = Western Electric Co., Hawthorne Plant. 
° 0.2 per cent permanent set (determined by A only). — 
© Ten round specimens tested by laboratory A; five by W. 

Average of four specimens, others broke outside gage marks. 
* One specimen broke outside gage marks but was included in average. 
/ Average of three specimens, others broke outside gage marks. 
9 Single specimen, others broke outside gage marks. 
4 Three specimens broke outside gage marks but were included in average. 
* Two specimens broke outside gage marks but were included in average. 
7 Average of two specimens, others broke outside gage marks. 


Tensile Strength, Yield Elongation in 2 in., Specimen 
ib. per sq. in. Strength, per cent 
Identification Alloy | Tested Ib. per 
Number by? sq. in.” 
Strength | Standard Elonga- | Standard Cast | Shape 
Deviation tion Deviation | 
14865... .. No. IVa A 26 445 985 9 850 5.7 0.7 June 6, 1934 | rour ‘ 
21 140 950 11 650 3.0 0 | flat 
W 28 260 1250 6.14 1.0 | rour 
20 070 820 flat 
Pibbsecncceses< A 25 600 940 11 950 48° 07 June 28, 1934 | round 
25 830 505 12 400 4.6 04 flat 
W 25 140 1370 4.8/ 06 round 
25 940 530 5.09 0 flat 
14866........ No. Va A 32 200 1575 16 450 2.34 0.34 June 5, 1934 | round 
36 525 2910 20 000 2.3 0.9 flat 
W 32 420 1670 2.14 04 round 
33 120 4640 4.09 0 at 
aisha civccarsciod A 27 555 1775 17 325 1.2? 02 June 25, 1934 | round 
29 340 1670 18 300 1.6! 0.5 flat 
W 30 900 1555 2.0 03 round 
29 360 2295 1.5) 0 flat 
See No. V A 34 630 2510 18 575 2.0 0.35 June 7, 1934 | roun 
34 450 2170 22 350 1.34 0.4 at 
38 080 1065 2.44 0.2 roun 
39 260 1795 2.0/ 0 flat 
SERRE are A 28 365 2440 18850 | 1.1 0.3 June 16, 1934 | roun 
28785 | 2685 19150 | 1.2¢ 0.2 | flat 
W 29 060 3255 1.5¢ 0.35 roun 
28 380 2755 1.5/ 0 flat 
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15431, round, where only four samples were taken) and submitted for 
chemical analysis.'. The laboratory was instructed to make a composite 
sample from the round specimens and another from the flat specimens of 
each lot and report the analysis of each. The results, summarized in 
Table II, are believed to represent the typical compositions of the materials 
in test. These data illustrate the relative uniformity of materials of the 
same nominal composition, regardless of producer and shape of specimen, 
as well as the small amount of impurities in alloys Nos. [Va and Va. Since 
both producers used compounded ingot from the same source, contamina- 


TABLE IV.—AVERAGE ORIGINAL MECHANICAL PROPERTIES. 
(Regardless of Testing Variables.) 


Round Specimens Fiat Specimens 
Identification Number Alloy 
Tensile Elongation Tensile Elongation 

Strength, in 2 in., Strength, in 2 in., 

Ib. Ib. per sq. in. per cent Ib. per 84. in. per cent 
No. [Va 27 050. 5.8 20 605 3.0 
No. Va 32 375 22 34 820 2.6 
dda 28 670 1.4 29 350 1.6 
No. V 35 780 | 36 855 1.6 


TABLE V.—AVERAGE MECHANICAL PROPERTIES. 
(Reg: irdless of C vasting or r Testing Variables. ) 


Round Specimens Flat Specimens 
Alloy 
Tensile Elongation Tensile Elongation 

Strength, in 2 in., Strength, in 2 in., 

Ib. per sq. in. per cent lb. per sq. in. per cent 
32 190 32 720 


tion during casting would be the principal source of variations between the 
vo suppliers’ products. The uniformities in composition indicate rela- 
ively close plant control. 


riginal Mechanical Properties: 


Ten round and five flat tension specimens of each alloy as supplied 
y each producer were tested by the Aluminum Research Laboratories, 
while five round and five flat specimens of each group were tested by the 
Hawthorne Plant of the Western Electric Co. The average mechanical 
ropertics of the various groups as re _— by the two testing laboratories 


1 Analyses sat these materials were made by « } luminum Research Laboratories 
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are summarized in Table III. As is evident, these averages for a given 
producer’s material are relatively uniform. 

Tables IV and V present these mechanical property data in slightly 
different forms. In the former, variations in the procedures of the two 
testing laboratories are not considered to exist, and the average properties 
of each producer’s specimens of a given alloy are presented. In calculating 
these averages, consideration was given to the number of specimens tested 
by each laboratory so that for the round specimens the data represent an 
average of fifteen tests. In the latter table (Table V) the average mechan- 
ical properties of each alloy, regardless of the source or the tester, are 
presented. 

It is interesting to note, from the data of Table V, that the average 
mechanical properties of the alloy No. V specimens in this investigation 
are essentially those which the Society suggests may be expected from 
this material (Tentative Specifications for Aluminum-Base Alloy Die 
Castings, B 85-33 T') and that the shape of the specimen has had no 
effect. It is also of interest that the reduction of impurities in this alloy, 
although it might be expected to reduce slightly the tensile strength and 
increase the elongation, has exerted but little effect on the properties. The 
strength of alloy No. [Va is apparently slightly below the typical values 
for the less pure composition of alloy No. IV (B 85 — 33 T), but with a con- 
current increase in elongation. It might be concluded then, that properties 
typical of the more impure compositions may be secured with alloy No. 
Va, but that the average strength of alloys Nos. [Va and Va will be some- 
what less and the elongations somewhat greater than for alloys Nos. IV 
and V. 

Comparison of the standard deviations for the high purity alloys with 
similar data for alloys Nos. IV and V of the committee’s previous investi- 
gation leads to the conclusion that these newer alloys are not subject to 
greater variations in strength and elongation as a result of their purity 
(even though the higher purity material may be more prone to porosity). 

Visual examination of the broken tension specimens by the two test- 
ing laboratories resulted in the following general observations: 

Alloy No. IVa.—The round specimens from one producer (No. 14865) 
were uniformly quite sound but those from the other (No. 15431) were 
somewhat porous. ‘The flat specimens, regardless of producer, were rela- 
tively porous but the one set (No. 15431) had this porosity chiefly near 


_ the center while in the other it more closely approached the surface. 


Alloy No. Va.—In general, the round specimens of this alloy from one 
producer (No. 14866) were sound but those from the other (No. 15432) 
were in some cases markedly porous. ‘The relatively low strength of 


1 Proceedings, Am. Soc. Testing Mats., Vol. 33, Part I, p. 641 (1933); also 1934 Book of A.S.T.M. Tentative 
Standards, p. 247. 
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oF ALuMiNuM Die-Castinc ALLoys 189 
material No. 15432 tested by the Aluminum Research Laboratories (‘Table 
III) is possibly the result of this porosity. The flat specimens of the 
alloy from one producer (No. 14866) were slightly less porous than those 
from the other, although both groups were reasonably sound. 

Alloy No. V.—Here again the round specimens from one producer 
(No. 14867) were somewhat sounder than those from the other, the 
latter having as much as 20 per cent porosity. The flat specimens varied 
quite a little from one to the other, some being reasonably sound and a 
few markedly porous. Most of the porous specimens were from one pro- 
ducer (No. 15433). 


Conclusions: 


An inspection of the data included in this report leads to the following 
conclusions: 

1. The experimental alloys Nos. [Va and Va made for this investiga- 
tion were well within the specified composition limits and can apparently 
be commercially produced to these limits except in small castings, where 
the iron limit may be too low. 

2. The specimens of a given alloy, regardless of shape or producer, 
are of very uniform composition, especially as regards the minor impurities; 
indicating that contamination during casting was avoided. 

3. The average tensile strength of alloys Nos. [Va and Va, as supplied 
by a number of producers, will probably be about 5 to 10 per cent less than 
that of their lower-purity counterparts but the elongations will be slightly 
higher. 

4. The shape of the tension specimen used to evaluate the properties 
of alloy No. Va will apparently have no effect but with alloy No. IVa may 
result in lower strengths when flat specimens are employed. 

5. The flat specimens of alloy No. IVa appear somewhat more prone 
to porosity than do the round specimens. 

6. Except for the flat specimens of alloy No. IVa, the specimens of 
alloys Nos. IVa and Va are generally no more porous than similarly shaped 
specimens of alloy No. V made by the same producer. 

7. The specimens for this investigation made by one producer (Nos. 
15431, 15432 and 15433) were generally more porous than those supplied 
by the other. 


Respectfully submitted on behalf of Subcommittee I on Aluminum © 
Base Die-Casting Alloys, 
E. E. Tuum, 
Chairman. 
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APPENDIX II 
~ REPORT OF SUBCOMMITTEE V ON EXPOSURE AND | 
CORROSION TESTS 


This report covers the results of the first five years of exposure tests 
of 12 aluminum and 10 zinc alloys cast by several producers and exposed 
at six outdoor and four indoor locations. 

It was originally planned to test the outdoor exposure specimens after 
1,3 and 5 yr. exposure. Lack of testing facilities to test the 3-yr. outdoor 
specimens in 1932 led to the decision to test the outdoor specimens after 
the same aging periods as had been planned for the indoor specimens, 
namely 1, 5 and 10 yr. 

The data obtained from the test bars, exposed both indoors and out- 
doors for 1 yr., were presented in 1932' but without comment since it was 
felt that the exposure was of too short duration to draw reliable conclu- 
sions. ‘These data are presented graphically in the accompanying Figs. 
1 and 2. 

At the end of 4 yr. the outdoor exposure specimens were all photo- 
graphed at the test locations without removing the corrosion products. 
Complete copies of this photographic record are in the files of the Chair- 
man of Committee B-6 and of Subcommittee V. The tabulation given in 
the Appendix’ to this report gives the general surface appearance of each 
alloy at each location. 

The data on the 5-yr. specimens are now available and are presented 

in the accompanying ¢ tables. Results are reported on }-in. round tension 
and } by }-in. square impact specimens. lor the tension bars the results in 

guneeal are averages of five specimens and for the impact bars the results 
| are averages of ten tests determined on five bars each of the latter, being 

cut into two pieces 3 in. long prior to testing. In a great many cases the 
| results are averages of a lesser number of specimens since some specimens 
were stolen from the racks at the exposure locations; broken or badly bent 
during shipment; or so badly warped during exposure that they could 
not be tested. Flat tension specimens exposed at the indoor locations were 
tested but since the tests were started, it has become evident that the round 
tension specimens give all the necessary information. The data for the 
5-yr. specimens, covering both indoor and outdoor exposure, are presented 
graphically in Figs. 3 and 4. These may be compared with Figs. 1 and 2 
covering the ing the corresponding l-yr. tests. 


ar Bak to Report of Committee B-6 on Die-Cast Metals and Alloys, Proceedings, Am. Soc. Testing 
» p. 271 (1932). 
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The present report is divided into two parts. The first part relates 


to the discussion of the aluminum alloys, and the second, to the zinc alloys. 


Part I—Aluminum Alloys: 


Examination of the mechanical property data for the 12 aluminum — 


alloys after an exposure of 1 and 5 yr. at the four indoor and five! of the 
six outdoor stations leads to the general conclusion that no significant 
changes have been induced by corrosion and only small changes have 
resulted from aging. In several instances, the data at their face value 
suggest measurable changes from one of the two causes but careful analysis 
usually will reveal that inherent variability among the test specimens 
probably is responsible. 


In analyzing these data, the average properties of each producer’s 
ecimens of a given alloy at each of the nine stations were compared with 


he original properties reported for this producer’s material. This pro- 
edure theoretically should result in isolating changes developed at the 
indoor stations as a result of aging and at the outdoor stations from aging 


is corrosion. In order to separate aging from corrosion effects at the 


utdoor stations, the data from the latter were compared with the average 
properties developed after a similar period at the four indoor stations. 
Changes in properties indicated by these comparisons should theoretically 


aused by corrosion. Similar comparisons were made for the average 
roperties of each alloy at the several stations. 
The term “‘theoretically”’ is believed to have been used advisedly in 
e preceding discussion, as there are a number of instances in which purely 
ithematical comparisons yield results not believed to be truly accurate. 
r instance, in the case of alloy No. I, producer D, the original properties 
orted are relatively low as compared with the properties for specimens 
le by other producers. After 5 yr. at several indoor stations, the 
roperties of this alloy are more nearly in line with those for the other 
roducers’ materials, indicating a relatively large increase in tensile strength 
elongation due to aging. In this, and similar cases where inconsistent 
ita are encountered, conclusions must be predicated from a general con- 
‘ration of specimens furnished by several or all of the five producers. 
Age hardening of aluminum alloys is generally indicated in mechanical 
roperty data by an increase in tensile strength and a decrease in elongation 
| impact strength. Applying these criteria to the indoor data in com- 
‘ison with the original properties leads to the conclusion that alloys Nos. 
| II, III and XII probably have age hardened, that alloys Nos. VI, VII, 
X and XI possibly have age hardened slightly and that alloys Nos. IV, 
', VIIT and X have developed no significant changes. It is interesting 
hote that the alloys which have probably age hardened contain either 


'No data from State College at one year nor Rochester after five years. 
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copper alone or in predominance; those that age harden slightly contain 
2 to 4 per cent copper, together with other elements, and those which 
apparently do not age harden contain either no copper or only a small 
amount. 

Examination of the data for the indoor stations indicates that no 
apparent difference in aging has been encountered between the northem 
and southern stations. Probably this has resulted from the particular 
storage conditions in effect at the four stations. For instance, the speci- 
mens stored at New Kensington were located in a room (and at a location 
in that room) where the temperature was relatively uniform throughout 
the year and possibly never fell below about 60 F. (except for infrequent, 
short periods). With relatively small differences in the average temperature 
at the four indoor stations then, approximately uniform aging effects 
would be expected. 

It may be pertinent to the discussion of ‘“‘aging”’ effects to point out 
that the changes in elongation and impact strength indicate more general 
age hardening effects than are confirmed by the tensile strengths. The 
actual elongations and impact strengths being of relatively small order, 
however, leads to a magnification of the changes when expressed as a per- 
centage of the original values, even though the actual change may be 
slight. In addition, testing was done by stations rather than alloys (a 
given testing laboratory had all specimens from one station), so that 
unavoidable variations in testing procedure or equipment may have intro- 
duced large percentage changes. Somewhat more weight has, therefore, 
been attached to tensile strength changes than to changes in elongation 
or impact strength. 

Careful analyses of the mechanical properties of the specimens exposed 
for 5 yr. at the five outdoor stations lead to the general conclusion that 
any corrosion which may have developed was merely a surface attack 
having no definitely measurable effect on the mechanical properties; pat- 
ticularly in comparison with the 5-yr. indoor exposure data. Critical 
examination, and the assumption that variations in specimens or testing 
procedures had no efiect, suggest that the alloys containing nickel (alloys 
Nos. VIII and IX) may have developed some pitting and that Key West 
is slightly more severe an exposure station than the others. (This latter 
observation is not very well in accord with data accumulated for wrought 
alloys by Subcommittee VI on Atmospheric Corrosion of Non-Ferrous 
Metals and Alloys! of Committee B-3 on Corrosion of Non-Ferrous Metals 
and Alloys). 

The data from these 5-yr. exposures, even though they prove only 
that the aluminum alloys in the tests are mechanically unaffected by either 
corrosion or aging, are of practical value in allaying any possible fears 


1See p. 142. 
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At.Loy No. I. 
CoorpinaTeD CHEMICAL ANALYSES—ALL LABORATORIES. 
- Mag- i- 
Copper, Silicon, Nickel, Tron, Zine, Sos 
percent | percent | percent | percent | percent | percent | Per cent per cent? per cent. 
|1.5t02.0] 0.05 max. | 0.05 max.| ...... Remainder} ...... 
4.37 0.43 nil 1.48 0.01 0.03 0.05 93 .63 nil 
3.51 0.63 0.17 1.50 0.03 0.03 0.18 93 .95 nil 
3.97 0.32 0.03 2.77 0.02 0.01 nil 92.80 Tin 0.08 
4.23 0.59 0.45 1.90 0.02 0.04 .03 92.74 nil 
3.80 0.31 nil 2.25 0.03 nil 0.08 93 .43 nil 
5-yr. Outdoor Exposure 5-yr. Indoor Exposure 
Producer As Cast Key | Sandy | Roch- Altoona,| New State Coco | Cam- New Han- 
West, | Hook, | ester, Pa *| York, | College,| Solo, | bridge, |Kensing-| over, 
Fla. N. J. Pa. C.Z Mass. | ton, Pa. N. Mex, 
TENSILE STRENGTH, LB. PER 8Q. IN. (; tn. Diameter Rounp Bars) 
EL AIP 28940 | 29300 | 29800) .¢ 29 600 | 29500 | 30900 | 31000 | 29600 | 30700 | 30800 
juavkveennneas 24660 | 24100 | 27300 € 26 700 | 26900 | 26100 | 28500 | 28000 | 28100 | 28300 
EOE ee 29 240 | 29600 | 30100 * £- | 30200 | 31200 | 31600 | 29400 | 30000 | 32300 | 31000 
33 380 | 33300 | 33 500 33 900 | 33800 | 35.600 33 700 | 34700 | 34000 | 34 700 
31570 | 30300 | 30700 e 33 100 , 33500 | 33500 | 32600 | 34100 | 30400 | 32200 
ELONGATION IN 2 IN., PER CENT ( } in. Diameter Rounp Bars) 
4.8 4.2 4.2 $8 3.3 4.8 4.1 3.8 3.9 | 4.2 
2.8 3.1 3.9 3.5 3.5 3.6 3.6 3.2 3.3 
ReebinesGinwncae 2.8 3.0 3.4 bd 2.5 3.2 2.9 3.1 2.7 3.0 2.9 
4.4 4.1 3.8 4.0 3.8 4.6 4.6 2.6 4.5 4.0 
3.6 3.8 3.6 4.3 3.7 _ 4.0 4.0 3.6 2.4 1.7 
Cuarpy Impact (} 1, Square Bars)? 
SREP EENS ieee 3.50 | 3.75 | 5.004| 4.25 | 4.50 | 4.50 | 4.25 | 3.75 | 4.00 | 4.50 
4.00 5.75 5.257 | 5.50 4.75 5.75 6.00 6.25 5.00 6.00 
oe ee 5.4 2.00 4.00 3.504 3.50 4.50 4.50 5.00 4.00 3.75 4.50 
7.5 4.75 6.00 5.504 | 6.25 5 75 7.00 6.75 7.00 7.50 7.25 
6.5 | 450 | 5.50 | 5.254) 5.75 | 450 | 4.25 | 5.00 5.25 | 4.50 | 6.25_ 
y difference. © No specimens available. 


* Average of two tests on each specimen, 


4 Average of three tests on each specimen. 


AtLoy No. II. 


Coorpinatep CHemicaL ANALYSES—ALL LABORATORIES. 


= Man- Mag- Alumi- Other 
Copper, Silicon, Nickel, Tron, ganese, nesium, Zine, num, Elements, 
percent | percent | percent | percent per cent percent | Per cent per cent® | per cent 
1.5 to 2.0 | 0.05 max. | 0.05 max.| ...... Remainder} ...... 
ae 7.13 0.38 nil 1.96 0.01 0.04 0.16 90.52 nil 
8.97 0.34 0.05 1.44 0.03 0.13 0.09 88.95 nil 
be 9.36 0.31 nil bee 0.02 nil nil 88.60 nil 
ve 10.47 0.44 nil 1.44 0.01 0.01 0.05 87.58 nil 
8.93 0.44 nil 3.07 0 03 nil 0.20 87.33 nil 
5-yr. Indoor Exposure 5-yr. Indoor Exposure 
Producer As Cast Coco Cam- New Han- As Cast Coco Cam- New Han- 
Solo, | bridge, | Kensing-| over, Solo, | bridge, |Kensing-| over, 
C.Z Mass. | ton, Pa. | N. Mex. C. Z. Mass. | ton, Pa. | N. Mex. 
TENSILE STRENGTH, LB. PER SQ. IN. ELONGATION IN 2 IN., PER CENT 
(4 Diameter Rounp Bars)¢ (} in. Diameter Rounp Bars) 
34470 | 36400 | 35700 | 37200 | 36800| 3.2 37) 337 877 37 
MeteReickemeunesanwaaes 34 760 | 37700 | 35600 | 35900 | 34400 1.0 ei 1.0 1.0 0.8 
34 620 | 37300 | 34700 | 38800 | 35900 2.6 2.6 1.5 1.5 1.9 
33 590 | 40400 | 36200 | 39200 | 38 600 1.8 1.7 1.6 1.5 
37 220 | 39400 | 39200} 40000 | 39200 1.8 1.3 1.0 1.5 
Caarpy Impact Vauve, (} Square 
4.0 2.75 3.75 2.50 
2.00 2.25 2.25 
4.1 3.00 3.25 2.75 
2.6 1.75 2.00 1.75 
4) difference, ae ® Average of two tests on each specimen. 
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ALLoy No. III. 
CoorpDInaTED CHEMICAL ANALYsES—ALL LABORATORIES. 
Copper, | Silicon, | Nickel, Iron, ga Zine, 
percent | percent | percent | percent | percent | percent | Percent | per cento per cen: 
Nominal composition... .. 1.5 to 2.0| 0.05 max.|0.05 max.| Remainder| ...... 
Producer C...........- 11.99 0.43 0.14 1.76 0.02 0.03 0.09 85.54 nil 
| eee 13.14 0.32 0.12 1.67 0.08 0.03 0.09 84.55 nil 
Producer G............ 14.29 0.27 nil 1.72 0.02 0.01 0.03 83.68 nil 
Producer S............. 13.20 0.53 nil 1.57 0.01 0.01 0.08 84.60 nil 
_ Producer W.... 13.02 0.37 nil 2.74 0.03 0.02 0.11 &3 71 nil 
5-yr. Indoor Exposure 5-yr. Indoor Exposure 
Producer vr As Cast Coco Cam- New Han- | As Cast Coco Cam- | New Har. 
Solo, | bridge, | Kensing-| over, | Solo, | bridge, | Kensing-| over, 
C. Z. ass. | ton, Pa.| N. Mex. | C. Z. Mass. | ton, Pa. | N. Me. 
TeNsiLe STRENGTH, LB, PER 8Q. IN. ELONGATION IN 2 IN., PE PER CENT 
DiamerEr Bars) (4 in. Diameter Roonp Bars)¢ 
on 37 480 | 41700 | 40900 | 40300 | 41700 1.5 0.7 14 1] 
38020 | 40800 | 40700 | 41200 | 40100 0.5 1.1 0.5 0.9 04 
35 890 | 39600 | 39100 | 39400 | 37200 2.7 1.0 0.5 0.5 04 
40 230 | 42300 | 42300 43100} 43 400 1.0 1.0 0.9 0.9 05 
40180 | 42900] 41000] 43400] 39700} 10 08 | 05 | O8 
Cuarpy Impact Fr-LB. (+ Square Bars)?*¢ 
| 1.25 | 1.60 | 1.00 | 1.50 
2.2 1.00 1.25 1.00 1.00 
_ OILS 1.8 | 1.00 | 1.25 | 1.25 | 1.00 
a ¢ By difference. — > Average of two tests on each specimen. ¢ This alloy not exposed outdoors. 
ALLoy No. IV. 
CoorpinateD CHemicaL ANALYSES—ALL LABORATORIES. 
a Man- | Mag- | ,. i- Other 
Copper, Silicon, Nickel, Tron, Zine, Elements 
per cent per cent per cent per cent per cent per cent per cent per cent® | per cest 
Nominal composition... .. 1.5to2.0| 0.05 max.| 0.05 max.| ...... Remainder) ...... 
0.58 4.16 0.01 1.85 0.01 0.07 0.02 93.30 nil 
{ ree 0.34 5 07 nil 1.48 0.07 0.06 0.44 92.54 nil 
 FretwewG............ 0.68 5.27 nil 1.29 0.02 0.01 nil 92.73 nil 
er 0.24 5.11 0.22 1.89 0.04 0.01 0.11 92.38 nil 
Producer W............ 0.61 4.41 nil 2.53 0.05 0.02 5.90 | 86.50 nil 
5-yr. Outdoor Exposure 5-yr. Indoor Exposure 
Producer As Cast Key Sandy | Roch- | ae | New State Coco Cam- | New | Ha- 
West, | Hook, | ester, | P *! York, | College,| Solo, | bridge, |Kensing-| over, 
Fla. | N.J ** | N.Y) | Pa. | Mass. | ton, Pa. |N.Met 
“STRENGTH, LB. PER 8Q. IN. IN. Rounp Bars) 
30160 | 31500 | 30500 1 30100 | 30600 | 32000 | 31500 | 30000 | 31700 
ee Bee 25 680 | 27000 | 25200 e 28000 | 25400 | 26000 | 24300 | 25400 | 25800 26 
29 600 | 31000 | 30100 30000 | 29700 | 31000} 31000 | 29500 | 31400) 30% 
29610 | 29700 | 31600 29 700 | 31500] 31900 | 31200 | 30900} 31400) 
Ww. 30150 | 31000 | 34400 33 100 | 30300 | 30300] 32000 | 32400 | 32200) 2 
Evonaarion IN 3 IN., PER CENT a in. DIAMETER Rounp Bans) 
“4.4 4.0 3.5 3.4 4.2 4.3 4.3 4.4 45 
2.3 3.1 2.3 2.9 2.4 2.1 2.3 2.5 2.2 
REE 3.6 4.5 3.5 ¢ 3.5 3.1 4.1 41 3.4 4.2 Py 
i etccatadiuadcucar skys 3.7 3.7 3.5 e 3.6 3.5 3.7 4.1 3.6 3.8 4 
21 20 | 14 }22 | 14 | 16 | 19 | 16 | 25 
Cuarpy Impact (4 IN. ‘Square Bans)? 
_ aes 43 3.50 | 4.25 | 4.507) 3.25 | 4.00 | 3.50 | 3.75 | 3.50 | 3.7% ‘3 
3.75 3.754 | 3.25 3.50 3.50 3.50 4.00 3.75 
5.7 4.00 4.25 4.254 | 4.25 4.75 4.25 400 4.50 3.75 
6.3 5.75 | 5.25 | 4.754] 5.25 4.75 5.00 | 5.25 | 5.50 | 5.25 
, ere 2.6 2.00 | 2.00 2.507] 175 | 200 | 1.75 | 2.00 | 200 | 200) ce" 


@ By difference. 


> Average of two tests on each specimen. 


© No specimens available. 
4 Average of three tests on each specimen. 
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Man- | Mag- Alumi- | Other 
Copper, Silicon, Nickel, Iron, ganese, a Zine, num, Elements 
per cent per cent per cent per cent per cent per cent per cent per cent? | per cent. 
‘ominalcomposition..... | ...... 1.5 to 2.0} 0.05 max. | 0.05 max. Remainder} ...... 
OS Sa 0.64 13.0 0.08 1.59 0.19 0.09 0.22 84.20 nil 
0.98 12.96 0.03 1.52 0.09 0.12 0.90 83.40 nil 
"Sea roe 0.15 12.42 nil 1.89 0.03 0.01 0.03 85.20 Tin 0.06 
Lead 0,21 
cer... 0.05 12.97 0.02 1.35 0.02 0.03 0.06 85.50 nil 
eW... 0.20 10.72 nil 4.34 0.06 0.04 0.60 84.04 nil 
5-yr. Outdoor Exposure 5-yr. Indoor Exposure 
roducer As Cast Key | Sandy | Roch- [Altoona, New State Coco Cam- New Han- 
West, iN i ester, Pa York, | College,| Solo, | bridge, | Kensing-| over, 
Fla. | > & N.Y. Fa. C. Z. ass. | ton, Pa. | N. Mex. 
TensiLe STRENGTH, LB. PER 8Q. IN. IN. DiaMeTer Rounp Bars) 
eck ips akties 34090 | 34700 | 32000 ¢ 31600 | 32400 | 34400 | 35300 | 33.600 | 34100 | 35100 
agewe’s' 25810 | 27400 | 29000 es e 27000 | 27700 | 28600 | 30100 | 27000 | 27300 
shea aerks 28 480 | 29600 | 26000 e 28 100 | 25400 | 26200 | 31300 | 29300 | 32000 | 29700 
34650 | 36900 | 35400 e€ 34500 | 34800 | 34800 | 34700 | 34000 | 37400 | 37800 
28120 | 25800 | 25800 ad 28 200 | 28900 | 29000 | 26800 | 27100 | 29300 | 30200 
ELONGATION IN 2 IN., PER CENT (} IN. DiameTeR Rounp Bars) 
1.4 1.0 11 ‘ 1.0 1.0 1.4 1.4 1.5 
09 0.9 1.1 ¢ e 0.5 0.6 0.7 1.0 0.6 1.0 
1.4 1.5 1.0 1.5 1.0 1.0 1.9 1.4 1.2 1.1 
2.8 1.7 1.5 e 1.5 1.8 2.6 2.9 2.8 
Ronen 1.1 0.5 0.6 * 2.3 0.5 07 1.1 0.9 0.4 9 
Cuarpy Impact VALUE, FT-LB. G Square Bars)? 
1.25 1.50 1.754 1.25 1.50 1.25 1.25 1.50 1.25 1.50 
1.25 1.50 1.507] 1.25 1.50 1.50 1.50 2.00 1.50 1.75 
1.17 1.50 1.75 1.504 1.00 1.50 1.25 1.25 1.50 1.50 1.50 
3.00 2.504 | 2.50 2.7 2.50 3.00 3.50 2.7% 3.25 
pa can 15 1.00 1.25 1.004 | 0.75 1.00 1.00 1.00 1.25 | 1.25 | 1.00 
By difference. od Average of three tests on each specimen. 
rage of two tests on each specimen. ¢ Broke in fillet. 
specimens available. 
AtLoy No. VI. 
CoorpinaTeD CHEMICAL ANALYSES—ALL LABORATORIES. 
- } - i- Othe 
Copper, Silicon, Nickel, Iron, Man- Zine, 
percent | percent | percent | percent | percent | percent | Percent | per cent@ per cent 
omposition 2.0 1.5to 2.0) 0.05 max. | 0.05 max. Remainder 
_ 1.91 2.96 0.35 1.30 0.66 0.05 0.42 92.35 nil 
a 1.98 3.19 nil 1.53 0.04 0.07 0.33 92.87 nil 
B... 2.06 3.23 nil 1.98 0.03 0.01 0.01 92.68 nil 
2.18 3.27 nil 1.86 0.02 0.02 0.04 92.61 
W.. 2.16 5.02 nil 3.38 0 06 0.01 016 | $9.21 | nil 
5-yr. Indoor Exposure 5-yr. Indoor Exposure 
Producer As Cast Coco | Cam- | New | Han- Coco Cam- New Han- 
Solo, | bridge, Kensing-| over, Solo, bridge, | Ke nsing-| over, 
C.Z. | Mass. | ton, Pa. | N. Mex. C. 2, Mass. sandal Pa. | N. Mex. 
TENSILE STRENGTH, LB. PER SQ. IN. ELONGATION IN 2 IN., PER CENT 
Diameter Rounp Bans) un. Diameter Rounp Bars) ¢ 
29330 | 31300 | 32100 31100 | 31400| 3.5 | 4.0 | 3.5 3.4) 3.5 
26460 | 29000 | 30400 | 27500 | 29700 3.3 2.7 2.3 2.5 2.3 
29440 | 32100 | 31500 | 32600 | 32100 3.8 4.2 3.5 3.9 | 3.9 
30 440 | 33400 | 33000 | 32000 | 34100 4.2 4.4 3.3 3.8 | 4.3 
32020 | 33800 | 34100 | 33300 | 34 6 1.7 14 2.0 
Cuanpy Impacr | FT-LB. IN. Square Bars)’ 
4.00 4.25 4.00 4.00 
5.5 5.00 5.00 4.25 5.75 
2.4 1.75 2.25 | 1.7% 2.00 


CoorpinaTeD CHEMICAL ANALYSES—ALL LABORATORIES. 


ALLoy No. V. 
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Amage of two tests on each specimen. 


© This alloy not exposed outdoors. 
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Atitoy No VII. 


Coorpinatep CHemicaL ANALYSES—ALL LABORATORIES. 


Copper, | Silicon, | Nickel, | Iron, | fem | Mae | gin, | Alumi- | | Othe 
per cent r cent er cent r cent num, Element, 
pe Pp per percent | percent | Pe per cent? | per cent 
Nominal 4.0 1.5 to2.0| 0.05 max.| 0.05 max.| ...... Remainder} ...... Nominal 
3.53 5.11 0.09 1.45 0.20 0.01 0.43 89.18 nil 
| 3.86 5.18 0.04 1.51 0.05 0.04 0.38 88.94 nil dese | 
Producer G............-- 3.92 4.83 nil 1.56 0.16 nil 0.08 88.11 Tin 0.76 r ( 
Lead 0.48 
&. 3.78 5.08 0.14 1.86 0.02 0.01 0.12 89.21 nil 
Producer 3.53 5.70 nil 3.07 0.05 nil 0.22 87.43 nil 
5-yr. Outdoor Exposure 5-yr. Indoor Exposure 
Producer AsCast| Key Sandy | Roch- |Altoona,| New State Coco Cam- New | Han : 
West, | Hook, | ester, Pa. York, | College,| Solo, | bridge, |Kensing-| over, 
Fla. Nua | Bee N. Y. Pa. C. Z. | Mass. | ton, Pa. | N.Mer, 
TensiLe SrreNnorn, LB. PER 8Q. IN. (} 1N. DiameTer Rounp Bars) 
35 150 | 36300 | 36900 Ce 35 400 | 35400 | 37600 | 37800 | 36800 | 37600 | 
kcaGGenetsedneSeunaee 28070 | 29600 | 29600 bd 31300 | 28900 | 30300 | 31600 | 32300 | 29200 | 293m 
29710 | 30300/ 32500} | 30900 | 29500 | 31300 | 33100 | 32200) 32300¢| 3130 
33 660 | 36700) 35600 35 400 36 100 35 700 | 36900 | 34900 3600) 
32240 | 32800! 31.809 | e 33 200 | 32400 | 34700 | 35600 | 33200 34600) 3590 
ELONGATION IN 2 IN., PER CENT (4 1N. Diameter Rounp Bars) 
3.4 2.5 2.5 ¢ 3.0 | 2.2 3.2 3.0 2.4 2.6 | 32 
1.2 1.3 5.5 3.0 1.5 0.8 1.2 1.4 0.7 0.5 
1.8 1.7 1.4 e 1.8 1.5 1.5 1.6 1.3 1.3¢ 1.0 
13 1.0 0.9 bd 1.3 1.0 1.1 2.0 1.1 ¢ 13 
1.4 0.5 0.8 e 1.2 1.0 09 1.3 1.0 09 - 
Cuarpy Impact FT-LB. 1N. Square Bars)? 
Seskpyancanben sears odes 3.5 | 2.25 | 3.00 | 2.507) 2.25 | 2.75 | 2.50 | 2.25 | 2.75 | 2.50 | 250 
1.00 1.50 1.504 1.25 1.25 1.25 1.25 1.50 1.50 1.75 
3.0 1.75 1.75 1.754 1.75 2.00 2.25 1.75 2.50 2.00 2.50 
2.3 1.25 1.75 1.754 1.50 1.75 1.50 1.50 1.75 2.0 
1.00 1.25 1.254 0.75 1.00 1.25 1.25 1.50 1.25 125 
* By difference. 4 Average of three tests on each specimen. 
* Average of two tests on each sp2cimen. * Average of ten specimens (mistake in loading racks resulted 
© No specimens available. in including two groups of round specimens from producer G). 
Attoy No. VIII. 
CoorpinaTep CuemicaL ANALYSES—ALL LABORATORIES. 
- Mag- Alumi- Other 
Copper, | Silicon, Nickel, Tron, Zine, Elements, 
per cent per cent per cent per cent per cent per cent per cent per cent? | per cent 
Nominal composition...... 1.5 0.75 2.25 1.5 to 2.0| 0.05 max.| 0.05 max.| ...... Remainder] 
1.56 0.46 1.50 1.67 0.02 0.01 0.03 94.75 nil er D 
1.90 0.85 2.22 1.70 0.05 0.03 0.10 93.15 nil 
Producer G.............. 1.63 1.43 1.84 1.58 0.10 0.01 nil 93.41 nil ver § 
ae 1.85 0.95 2.38 1.63 0.06 0.03 0.05 93.05 nil ver W 
in fh PO 0.45 2.06 0.90 3.52 0.08 0.01 0.07 92.91 nil — 
) 5-yr. Outdoor Exposure 5-yr. Indoor Exposure Ph 
Producer AsCast| Key | Sandy | Roch- Altoona,| New | State | Coco | Cam- New | Hat- 
West, | Hook, | ester, — York, | College,| Solo, | bridge, | Kensing-| over, 
Fla. | N.J. | N.Y. | N.Y. | Pa. | C.Z. | Mass. | ton, Pa.|N.Me 
TensiLe STRENGTH, LB. PER 8Q. IN. ( IN. Diameter Roonp Bars) 
31110 | 32200 | 31400 31300 | 32800 | 32300 | 32500 | 32000 | 32300 | 32%” 
24640 | 27800 | 25 600 e 25 400 | 25800 | 26800 | 27100 | 27200 | 28000 | 274 
eden 27990 | 26500 | 29000 25 200 | 27300 | 25800 | 29000 | 28800 | 27700 
33720 | 34100 | 33 400 34500 | 33900 | 34600 | 35000 | 34400 | 34800 
29 290 | 30400 | 30000 30700 | 30800 | 31500] 31400} 30800 | 31100 31 
ELONGATION IN 2 IN., PER CENT (4 1N. Diameter Rounp Bars) 
abegiebeeeecaeewaewbann 6.5 5.4 5.3 ¢ 6.2 .6 5.9 6.1 5.2 5.5 59 
Raha deans acletndaeeel 2.5 3.0 2.4 e 2.5 2.5 2.3 2.9 2.7 3.0 
2.9 3.2 3.4 e 3.0 3.0 2.3 3.9 2.9 3.1 31 
5.2 4.1 4.0 5.7 4.0 5.2 5.1 5.1 5.2 
5.2 45 4.7 e 5.4 5.0 4.9 5.6 4.7 | 59 | 40 
Cuarpy Impact (} 1. Square Bars)? 
52 | £00 | 400 | 4757) 400 | 4.00 | 4.00 | 3.75 | 4:25 | 4.0 | $0 
2.75 3.00 3.257 | 3.00 3.00 3.00 2.75 3.25 3.25 
3.75 3.75 4.002 | 3.25 3.50 3.75 3.50 3.75 3.25 
5.6 4.50 4.75 5.004 4.25 5.00 4.25 4.50 5.25 4.50 
9.4 5.25 4.25 5.504} 5.25 5.25 5.50 | 4.75 6.50 | 5.75 | 
@ By © No specimens available. di 
A 


Average of two tests on each specimen. 


4 Average of three tests on each specimen. 
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AtLoy No. IX. 
CoorprnaTep ANALYSES—ALL LABORATORIES. 
Copper, | Silicon, Nickel, Iron, Zine, 
percent | percent percent | percent per cent percent | Per cent per cent® | per cent 
Nominal composition...... 4.0 1.5 4.0 1.5 to 2.0] 0.05 max.|0.05 max.| ...... Remainder] ...... 
ERS aay 4.12 2.30 4.31 1.19 0.63 0.01 0.28 87.16 nil 
3.86 1.64 3.78 1.15 0.04 0.04 0.23 89.26 nil 
4.07 1.46 3.68 1.74 0.03 0.01 nil 89.01 nil 
Producer S.. . 4.15 1.55 3.83 1.68 0.06 0.02 0.12 88.59 nil 
Producer W.. 3.28 3.58 1.06 4.97 0.08 0.01 0.18 86.84 nil 
5-yr. Outdoor Exposure 5-yr. Indoor Exposure 
Producer As Cast; Key | Sandy | Roch- Altecne New State Coco | Cam- New 
West, | Hook, | ester, ~~ York, | College,| Solo, | bridge, | Kensing-| 
Fla. } | Pa. C. Z. | Mass. | ton, Pa. 
TensiLe STRENGTH, LB. PER SQ. IN. ({ IN. DiameTeR Rounp Bars) 
ddenlacaneekatia 31950 | 36200 | 37 100 6 37000 | 35700 | 37000 | 39700 | 37100} 35100 
slalslata tparareiesan 25770 | 28200 | 28000 e 26 800 | 27900 | 28500 | 27800 | 28000 | 28700 
30 950 | 32400 | 31900 32400 | 32100 | 33100 | 34700 | 31600 | 31500 
jcéevesneeuaeea 35 950 | 36900 | 36000 ¢ 37 400 36800 | 38400 | 39300 37 600 | 38 200 
36 680 | 38600 | 38900 e 38 700 | 37900 | 39100 | 39700 | 39800 | 36200 
ELONGATION IN 2 IN., PER CENT DiaMETER Rounp Bars) 
1.1 0.5 0.9 1.0 0.5 0.8 1.3 0.6 0.4 
1.0 0.9 1.0 1.0 1.0 0.7 1.5 1.0 1.0 
RRS ee 1.8 1.5 1.5 e 1.4 1.6 1.7 2.0 1.5 1.6 
1.9 1.3 1.6 2.0 1.5 2.0 1.9 1.5 1.9 
ere 1.7 1.0 1.3 ¢ 1.5 1.0 1.8 1.0 1.1 3.7 
Cuarpy Impact Vatu, 1N. Square Bars)? 
1.9 1.00 1.25 1.504 1.00 1.25 1.00 1.25 1.25 1.25 
enews 1.25 1.25 1.254 1.25 1.25 1.50 1.25 1.50 1.25 
enttalanmisete 2.8 1.50 1.75 1.754 | 1.50 2.00 1.75 2.00 2.25 1.75 
nekecnuewnnanee 3.7 1.50 1.75 2.004 1.75 1.75 2.00 1.75 2.00 2.00 
akencmieeteiee 2.6 1.25 1.50 1.504 1.50 1.50 1.75 1.75 2.25 1.75 
difference. © No specimens available. 
rage of two tests on each specimen. 4 Average of three tests on each specimen. 
AtLoy No. X. 
CoorpDINATED CHEMICAL ANALYSES—ALL LABORATORIES. 
Copper, | Silicon, | Nickel, | Iron, 
percent | percent | percent | percent | per cent per cent | Per cent per eent® per cent 
alcomposition......] ...... 2.0 5.0 1.5 to2.0 | 0.05 max. | 0.05 max.| ...... Remainder| ...... 
_ ES 0.44 2.06 4.39 1.05 0.73 0.09 0.09 91.5 nil 
| Se Seay 0.20 2.30 4.54 1.00 0.05 0.04 0.27 91.60 nil 
_ eae 0.52 1.93 4.61 1.47 0.04 0.01 0.08 91.34 nil 
0.32 2.03 4.89 1.63 0.07 0.04 0.13 90.89 nil 
eer W.... 0.76 1.78 4.29 1.88 0.06 trace 0.24 | 90.99 nil 
5-yr. Outdoor Exposure 5-yr. Indoor Exposure 
Producer As Cast} Key | Sandy | Koch- |Altoona,| New State | Coco | Cam- New Han- 
West, | Hook, | ester, Pa. York, | College,} Solo, | bridge, |Kensing-| over, 
Fla. N. J. N.Y ‘ Pa. >. Z. | Mass. | ton, Pa. | N.Mex. 
Tensite SrreNGTH, LB. PER 8Q. IN. (4 1N. Diameter Rounp Bars) 
34 100 | 34400 ¢ 33 900 | 34000 | 34500 | 34700 | 33700 | 34 700 
24400 | 23 400 6 23 700 | 24200 | 22600 | 23800 | 23000 | 24000 
28 600 | 27900 6 28 100 | 27400 | 28600 | 28900 | 27100 | 28500 
31300 ; 32000 31700 | 31800 | 32300 | 32200 | 31900 | 32900 
30000 | 28 400 ad 29 600 | 30300 | 29900 | 29800 | 29500 | 29900 
_ ELONGATION IN 2 IN., PER CENT (+ 1n. Diameter Rounp Bars) 
Peano 3.0 2.2 3.1 6 2.8 2.0 3.1 2.8 2.6 2.9 
2.0 1.9 2.0 2.2 1.9 1.5 2.0 
Miubcanbiennsdes 2.2 2.0 2.0 e 2.3 1.5 2.5 2.6 1.9 2.3 
2.0 2.0 2.3 e 2.8 2.0 2.6 2.7 2.5 2.9 
Wieidnecioin.s es 2.3 1.9 2.0 e 2.5 2.0 2.0 2.3 $3 2.4 
Cuarpy Impact Ft-L. Square Bars)? 
ieenienenr 3.2 2.50 , 2.75 | 2.754) 2.50 | 3.00 | 3.25 | 2.50 | 2.75 | 2.75 
eer 2.00 2.00 2.254 1.75 2.00 2.25 2.25 1.75 2.00 
2.0 2.00 | 2.50 | 2.50¢] 2.50 | 2.50 | 2.25 | 2.25 | 2.75 | 2.00 
3.3 2.75 | 3.00 3.002 | 2.75 3.00 3.00 3.00 3.25 3.00 
~~ 3.2 2.50 ! 2.50 2.502 | 2.25 2.75 2.25 2.25 2.75 2.25 
© No specimens available. 
Terage of two tests on each specimen, ¢ Average of three tests on each specimen. 
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AtLoy No. XI. 
CoonpinaTED CuemicaL ANALYseS—ALL LABORATORIES. 
Silicon, | Nickel, Iron, Zine Oth 
ganese, nesium, num, 
per cent per cent per cent per cent per cent per cent per cent per cent | per a 
Nominal composition 2.0 8.0 * 1.5to2.0| 0.05 max.| 0.05 max.| ...... Remainder 
a 2.0 7.48 0.67 0.99 0.70 0.02 0.10 88.04 nil 
Producer D............ 0.33 7.95 nil 1.40 0.04 0.03 0.51 89.74 nil 
Producer G............. 2.09 7.65 nil 0.90 0.03 0.03 0.06 89.08 Tin 0.14 
i | rere 2.07 7.30 0.21 1.92 0.02 0.04 0.08 88.36 nil 
Producer Ww 1.46 6.86 0.37 4 2.91 0.04 0.01 0.36 87.99 nil 
| 5-yr. Outdoor Exposure 5-yr. Indoor Exposure 
Producer | As Cast | Key | Sandy | Roch- |aioona | New | State | Coco / Cam- | New l Han- 
West, | Hook, | ester, Pa *| York, | College,| Solo, | bridge, | Kensing-| over. 
_Fla. | N.Y N.Y. | Pa. | C.Z. Mass. | ton, Pa. N.Mex 
TENSILE STRENGTH, LB. PER 8Q. IN. (4 1n. Diameter Rounp Bars) 
c | 36 590 | 32400) 35900) © 36400 | 35600 | 36000 | 38400 | 37500 | 38700 | 3840 
28650 | 26200 | 29700 | 27 800 | 26400 | 29600 | 30000 | 29500 | 29200 | 305m 
31000 | 30800 | 32000 e 32800 | 30100 | 33000 | 33300 32 500 | 33200 | 325% 
| REA ree 33 810 | 36 100 | 33 300 | 6 34500 | 34900 35400 | 35400 | 33700 | 34900 | 346% 
Wes 23 540 30 400 | 30400 29 600 31 200 | 31300 _30 700 | 31000 | 28500) 
ELONGATION IN 2 IN., PER CENT Gg IN. DIAMETER Rounp Bars) 
“Sat esi 21 3.4 2.8 3.2) 32 
D 2.0 1.0 2 e 2.3 1.5 1.9 1.7 1.9 2.0 1.6 
G. 2.2 1.0 1.9 bd 2.0 1.6 3.3 2.6 2.32 19 14 
_ 11 1.2 1.4 1.0 1.0 1.7 1.1 2.0 13 
11 0.7 1.0 | 1.0 | 1.1 1.2 0.9 1.1 04 
Cuarpy Impact Ft-Le. (4 Square Bars)? 
C.. é fae 2.00 2.50 2.504 2.50 2.50 2.25 2.25 2.75 2.25 2.50 
2.50 2.75 3.004 2.75 3.00 3.00 2.75 3.25 2.75 3.0 
3.7 1.75 2.75 2.754 2.50 3.00 2.75 2.25 3.00 2.50 
ies | 25 | 1.50 | 1.75 | 2.004] 1.75 | 2:00 | 2.00 | 2.25 | 2.95 | 2.95 | 235 
__ : 1.6 1.00 1.25 1.254 1.25 1.25 1.25 1.25 1 25 1.25 1.3 
« difference. No specimens available. 
© Average of two tests on each specimen. 4 Average of three tests on each specimen 
ALLoy No. XII. 
CoorpinaTep CHemicaL ANALYSES—ALL LABORATORIES. 
Nicke 
Conver, | | Nickel | Tron, | | | | ‘num, | 
: percent | per cent on cent® | per cent 
Nominal composition 8.0 1.0 | 1.5 to 2.0 | 0.05 max. Remainder) ...... 
7.62 0.72 | 0.10 1.74 0.01 0.02 0.04 89.7. 
eS ee 7.86 1.20 | 0.04 1.60 0.02 0.18 0.14 88.96 nil 
7.90 1.17 nil 1.00 0.02 0.03 0.07 89.41 | Tind4 
7.55 1.48 nil 1.97 0.01 0.03 0.09 | 88.87 ail 
Producer W............ 683 | 3.08 | 0.03 2.57 0.05 0.01 0.12 | 87.31 nul 
| 5-yr. Outdoor Exposure 5-yr. Indoor Exposure 
Producer As Cast | Key Sandy | Roch- Attenne New State Coco Cam- | New | Has- 
West, | Hook, | ester, York, | Gollege,| Solo, | bridge, | Kensing-| 
_ | Fla. | NJ. | N.Y. |* Pa. | C.Z. | Mass. | ton, Pa. | N.Me 
TENSILE STRENGTH, LB. PER SQ. IN. Diameter Rounp Bars) 
..| 34430 | 36200 | 36100) 37 000 | 35400 | 36800 | 38900 37200 | 37700 7 700 | 
32380 | 30900 | 33000 | e 33 100 | 33400 | 33200 | 35300 34.900 | 33 900 
29 580 32 500 | 30300 e 27 900 | 28500 | 29600 | 32300 | 32400 | 34100 
34.800 | 38700 | 34200| 37400 | 36300 | 37100 | 38900 | 36600 | 39500 
ion’ “| 34720 | 37800 | 36100 | _| 37500 | 36400 | 38100 | 38600 | 37900 | 38200 | 
ELONGATION IN 2 IN., PER CENT (} IN. DIAMETER Rounp Bars) as 
19 |25 | | 20 | 168 19 | 25 | 19 | 24 | 
1.0 1.1 1.1 a 1.3 0.9 0.6 1.5 os 1 Be | 3 
2.2 1.5 1.1 ¢ 1.0 1.0 1.5 2.1 1.5 2.0 13 
2.0 1.1 By 1.8 1.7 3.1 10 
1.5 1.1 | 0.8 . 1.7 05 | 13 | 12 | 10 | 12 1% 
CHARPY Iueacr Vauue, IN. Square Bars)? 
_ ARNETTE | 3.7 1.75 | 2.25 | 2.504) 2.26 | 2.50 | 2.25 | 2.00 | 2.25 | 2.00 | 5 
D.. 1.25 1.50 1.504 1.25 | 130 1.50 | 2.00 1.75 1.50 | 9% 
a utcbunsadacaahetnces | 3.9 1.50 2.25 1.754 2.00 2.25 2.25 2.25 2.25 2.00 335 
_ BEE: 2.3 1.00 | 1.25 ¢ 1.25 | 1.25 | 1.25 | 1.75 | 1.75 | 1.50 
@ By difference. * No specimens available. 


» Average of two tests on each specimen. 


4 Average of three tests on each specimen. 
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that periods of this length may induce measurable changes. ‘The data 
also suggest that change in the plans from those of testing after 1, 3 and 
jyr. to the present 1, 5 and 10-yr. schedule, forced by economic condi- 
tions, was fortunate—the old schedule would have produced nothing of 
very real value. The test data to be secured from the one remaining set 
of exposed specimens, from a corrosion viewpoint, will apparently be of 
the greatest value. Until those data become available, accurate compari- 
gns between the several aluminum alloys can hardly be made from the 
committee’s data 


The following conclusions can be drawn from the data presented in 

this report: 

The superiority of alloys prepared with high-purity zinc (99.99+ 
rcent pure) over those prepared with high-grade zinc (99.90 per cent 

) which was demonstrated in the 95 C. steam tank is confirmed by the 

r. exposures. 

Alloy No. XXI differs in composition from alloys Nos. XV and XVI 
ily in that zinc of high purity was used in this alloy. After 5 yr. indoor 
t outdoor aging, the test bars of this alloy, which was the only alloy 
pared with 99.99 per cent pure zinc, alone show no visual intercrystalline 
dation. 

The steam test causes corrosion due to the combined effect of 
isture and heat and also aging changes due to the effect of heat alone. 
nparison of the effects of the steam exposure, exposure to dry heat, 
the various atmospheric exposures show that the results of the steam 

when properly interpreted, afford a reliable and rapid means of pre- 

ting whether intercrystalline corrosion will occur under atmospheric 
sure conditions over long periods of time. ‘The variations in the 
ilts of exposure at the various test locations are entirely consistent with 
variations in temperature and humidity known to exist among those 
itions. 

3. Comparison of changes in impact strength after atmospheric 
posure, after steam exposure and after exposure in paraffin at 95 C. show 

t those changes which have occurred are due almost entirely to the 

mal effect and not to corrosion. 


Note.—Alloy No. XXIII of A.S.T.M. T entative Specifications for Zinc-Base Alloy 


e Castings B 86-34 T) ‘is copper-free and is not subject to change of impact strength 
aging, 


4. Contrary to what was at one time generally believed, alloy No. 
IIT (0.5 per cent aluminum, 3 per cent copper, 6 per cent tin, balance 
ne Western zinc) is susceptible to intercrystalline oxidation in indoor 


Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 706 (1934); also 1934 Book of A.S.T.M. Ten- 
Standards, p. 252. 
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and outdoor exposures. ‘This is in accordance with the findings in the 
95 C. steam test. 

Discussion.—The zinc alloys tested fall into two related groups. 
Most important is the group containing 4 per cent aluminum and 2 or 
3 per cent copper. Some of this group contain magnesium and one also 
contains nickel to retard intercrystalline oxidation. The several alloys 
vary both in the nominal purity of the zinc used and in the actual purity 
of the final alloys as made by different producers. The variation in 
behavior of the various alloys of this group in both steam and atmospheric 
exposure tests correlates very closely with the purity of the alloys in respect 
to lead, tin and cadmium and with presence or absence of magnesium and 
nickel. 

The alloys of this group in ascending order of their permanence are 
Nos. XX, XIV, XV and XVI (with casts from individual producers varying 
in purity and similarly in permanence), No. XIX and finally, far superior to 
all other zinc alloys of any group both in purity and permanence, alloy 
No. XXI. Alloy No. XVII in spite of poor initial properties has a degree of 
permanence making it approximately equal in this respect to any alloy made 
with the same grade of zinc. Alloy No. XXI is of course the only one of 
the alloys tested now in common use. 

Alloys Nos. XIII and XVIII are low in aluminum. Both show inter- 
crystalline oxidation both in steam and after atmospheric exposure. 


Respectfully submitted on behalf of the subcommittee, 
W. M. PErRcE, 


Chairman. 


DESCRIPTION OF THE PHOTOGRAPHIC INSPECTION OF DreE-CAstT SPECI- 


MENS EXPOSED FOR 4 YEARS AT SIX OuTDOOR LOCATIONS 


Key West Exposure 


Alloy No. I: 


Producer C—Completely covered with white corrosion product. 
D—Completely covered with white corrosion product. 
G—Completely covered with white corrosion product. 
S—Completely covered with white corrosion product. 
W-—Completely covered with white corrosion product. 


Alloy No. IV: 


Producer C—Some metallic luster remains. Numerous spots of white corrosion product. 

_ _D—Numerous spots of white corrosion product. Some pitting. 

_G—Some metallic luster remains. Numerous spots of white corrosion product. 

-S—Best appearance of any aluminum specimens exposed at this location. Some 
parts of the bars still retain a metallic luster. White corrosion product 
is present. 

W—Completely covered with white corrosion product. 
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Alloy No. V: 
Producer C—Some metallic luster remains. Almost covered with white corrosion product. 
D—Completely covered with white corrosion product. 
G—Some metallic luster remains. Almost covered with white corrosion product. 
S—Some metallic luster remains. Numerous spots of white corrosion product. 
W—Some metallic luster remains. Almost covered with white corrosion product. 


Alloy No. VII: 


Producer C—Completely covered with white corrosion product. 
D—Completely covered with quite heavy deposit of white corrosion product. 
G—Completely covered with quite heavy deposit of white corrosion product. : 
S—Completely covered with quite heavy deposit of white corrosion product. 
W—Completely covered with white corrosion product. 


Alloy No. VIII: 


Producer C—Some metallic luster remains. Almost completely covered with fine white 
corrosion product. 

D—Some metallic luster remains. Almost completely covered with fine white 
corrosion product. 

G—Some metallic luster remains. Almost completely covered with white 
corrosion product. 

S—Some metallic luster remains. Almost completely covered with white 
corrosion product. 

W—Some metallic luster remains. Almost completely covered with fine white 
corrosion product. 


\lloy No. IX: 

Producer C—Completely covered with quite heavy deposits of white corrosion product. 
ID)—Completely covered with quite heavy deposits of white corrosion product. 
G—Completely covered with quite heavy deposits of white corrosion product. 

S—Completely covered with quite heavy deposits of white corrosion product. 
W—Completely covered with quite heavy deposits of white corrosion product. 


lloy No. X: 
roducer C—Some metallic luster remains. Almost completely covered with white 
corrosion product. 
D—Some metallic luster remains. Almost completely covered with white 
corrosion product. 
G—Completely covered with white corrosion product. 
S—Some metallic luster remains. Almost completely covered with white 
corrosion product. 
W—Some metallic luster remains. Almost completely covered with white 
corrosion product. 


\lloy No. XI: 
Producer C—Some metallic luster remains. Almost completely covered with white 
corrosion product. 
D—Some metallic luster remains. Almost completely covered with white 
corrosion product. 
G—Completely covered with white corrosion product. 
S—Some metallic luster remains. Almost completely covered with white 
corrosion product. 
W—Some metallic luster remains. Almost completely covered with white 
corrosion product. 


Alloy No, XII: 


‘roducer C—Completely covered with fine white corrosion product. 
D—Completely covered with heavy white corrosion product. Some pitting. a 
-G—Completely covered with heavy white corrosion product. Some pitting. _ 
S—Completely covered with very heavy white corrosion product. Considerable 
pitting. This is the worst of the aluminum specimens exposed at this 
location. 
W—Completely covered with very heavy white corrosion product. Considerable 
pitting. 
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Alloy No. XIII: 
Producer C—Considerable fine white corrosion product. 
D—Considerable white corrosion product. 
R—Considerable white corrosion product. 
T—Considerable white corrosion product. 


Alloy No. XIV: 
Producer C—Considerable fine white corrosion product. 
D—Some fine white corrosion product. 
R—Some fine white corrosion product. 
S—Some fine white corrosion product. 
T—Considerable fine white corrosion product. 


Alloy No. XV: 
Producer C—Considerable fine white corrosion product. 
D—Considerable fine white corrosion product. 
_ R—Considerable fine white corrosion product. 
S—Considerable fine white corrosion product. 
Z—Considerable fine white corrosion product. 


Alloy No. XVI: 
Producer C—Considerable fine white corrosion product. 
D—Considerable fine white corrosion product. 
S—Considerable fine white corrosion product. 
Z—Considerable white corrosion product. 


Alloy No. X VII: 


Producer D—Considerable white corrosion product. 
S—Considerable white corrosion product. 
T—Considerable white corrosion product. 


Alloy No. X VIII: 


Producer C—Considerable white corrosion product. 
S—Considerable white corrosion product. 
T—Considerable white corrosion product. 


Alloy No. XIX: 


Producer D—Some fine white corrosion product. 
R—Some fine white corrosion product. 
Z—Some fine white corrosion product. 


Alloy No. XX: 

Producer C—Some fine white corrosion product. 
D—Some fine white corrosion product. 

Alloy No. XXI: 


‘Producer D—Some white corrosion product. 
R— Considerable fine white corrosion product. 
S—Considerable white corrosion product. 
T—Considerable white corrosion product. 
Z—Considerable white corrosion product. 


Alloy No. XXII: 
Producer C—Considerable white corrosion product. 


Sanpy Hoox Exposure 
Alloy No. I: 
Producer C—Numerous spots of white corrosion product. 
D—No specimens photographed. 
G—Numerous spots of white corrosion product. 


S—Some metallic luster remains. Numerous spots of white corrosion product. 
- W—Some metallic luster remains. Almost completely covered with white 


corrosion product, 
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SUBCOMMITTEE V ON EXPOSURE AND ‘Conneune TESTS 


Alloy No. IV: 
Producer C—Some white corrosion product. 
D—Numerous white corrosion product. 
G—Some white corrosion product. 
S—Numerous spots of white corrosion product. 
W—Numerous quite heavy deposits of white corrosion product. 


Alloy No. V. 

Producer C—Numerous spots of white corrosion product. 
D—Numerous quite heavy deposits of white corrosion product. 
G—Some white corrosion product. 

S—Some white corrosion product. 
W—Numerous spots of white corrosion product. 


Alloy No. VII: 


Producer C—Some white corrosion product. 
D—Numerous spots of white corrosion product. 
G—Numerous quite heavy deposits of white corrosion product. 
S—Numerous spots of white corrosion product. : 
W—Numerous spots of white corrosion product. 


Alloy No. VIII: 


Producer C—Some metallic luster remains. Numerous spots of white corrosion product. 
D—Some white corrosion product. 
G—Some white corrosion product. 
S—Some white corrosion product. 

W—Some metallic luster remains. Numerous spots of white corrosion product. 


Alloy No. IX: 
Producer C—Some white corrosion product. 


D—Some white corrosion product. 

G—Some metallic luster remains. Numerous spots of white corrosion product. 
S—Some white corrosion product. 

W—Numerous spots of white corrosion product 


Producer C—Numerous spots of white corrosion product. ” 


D—Some metallic luster remains. Numerous spots of white corrosion product. 
G—Numerous quite heavy deposits of white corrosion product. Some pitting. 
S—No specimens photographed. 
W—Some white corrosion product. 


Alloy No, XI: 
Producer C—Some white corrosion product. Some pitting. 
D—Numerous spots of white corrosion product. Some pitting. 
G—Numerous spots of white corrosion product. 
S—Some white corrosion product. 
W—Some fine white corrosion product. 


Alloy No. XII: 


Producer C—Numerous spots of fine white corrosion product. Some pitting. 
D—Some white corrosion product. Some pitting. 
G—Numerous spots of fine white corrosion product. Some pitting. 
S—Numerous spots of fine white corrosion product. Some pitting. 

W—Numerous spots of fine white corrosion product. Some pitting. 


Alloy No. XIII: 
Producer C—Gray appearance. on 
y appearance. Few spots of fine white corrosion product. Some pitting. 


I appearance. Few spots of fine white corrosion product. Some pitting. 
T—Gray appearance. Few spots of fine white corrosion product. Some pitting. 
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Alloy No. XIV: 

Producer C—Gray appearance. 
_ D—Gray appearance. 
R—Gray appearance. 
S—Gray appearance. 
_T—Gray appearance. 


Alloy No. XV: 


Producer C—Gray appearance. 
_D—Gray appearance. 
R—Gray appearance. 
§—Gray appearance. 
Z—Gray appearance. 
Alloy No. XVI: 

Producer C—Gray appearance. 
D—Gray appearance. 
S—Gray appearance. 
appearance. 

Alloy No. X VIT: 


Producer D—Gray appearance. 
S—Gray appearance. 


T—No photograph taken. 


Alloy No. X VIIT: 


Producer C—Gray appearance. 
S—Gray appearance. 
T—Gray appearance. 


Alloy No. XIX: 


Producer D—Gray appearance. 
R—Gray appearance. 
Z—Gray appearance. 


Alloy No. XX: 


Producer C—Gray appearance. 
D—Gray appearance. 


Alloy No. XXI: 

Producer D—Gray appearance. 
R—Gray appearance. 
S—Gray appearance. 
T—Gray appearance. 
Z—Gray appearance. 


Alloy No. XXII: 
Producer C—Gray appearance. 


‘ete 


Alloy No, I: 


Producer C—Dark discoloration. 
D—Dark discoloration. 
G—Dark discoloration. 
S—Dark discoloration. 
W—Dark discoloration. 


Alloy No. IV: 


Producer C—Dark discoloration. 
D—Dark discoloration. 
G—Dark discoloration. 
S—Dark discoloration. 
W—Dark discoloration. 


Few spots of fine white corrosion product. 


Few spots of fine white corrosion product. 


Few spots of fine white corrosion product. 


Some fine white corrosion product. 
Few fine white corrosion product. 


Few spots of fine white corrosion product. 
Few spots of fine white corrosion product. 
Few spots of fine white corrosion product. 


Some fine white corrosion product. 


Some fine white corrosion product. 
Some fine white corrosion product. 
Some fine white corrosion product. 
Some fine white corrosion product. 
Some fine white corrosion product. 


Considerable fine white corrosion product. 


New York Exposure 


Some fine white corrosion product. 
Some fine white corrosion product. 
Some fine white corrosion product. 
Some fine white corrosion product. 
Some fine white corrosion product. 


Some fine white corrosion product. 
Some fine white corrosion product. 
Some fine white corrosion product. 
Some fine white corrosion product. 
Numerous spots of fine white corrosion product. 
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Alloy No. V: 

Producer C—Dark discoloration. 
D—Dark discoloration. 
G—Dark discoloration. 
S—Dark discoloration. 
W— Dark discoloration. 


Alloy No. VII: 

Producer C—Dark discoloration. 
D—Dark discoloration. 
G—Dark discoloration. 
S—Dark discoloration. 
W—Dark discoloration. 


Alloy No. VIIT: 


Producer C—Dark discoloration. 
D—Dark discoloration. 
G—Dark discoloration. 
S—Dark discoloration. 
W—Dark discoloration. 


Alloy No. IX: 


Producer C—Dark discoloration. 
D—Dark discoloration. 
G—Dark discoloration. 
S—Dark discoloration. 

W—Dark discoloration. 


Alloy No. X: 


Producer C—Dark discoloration. 
D—Dark discoloration. 
G—Dark discoloration. 
S—Dark discoloration. 

W—Dark discoloration. 


Alloy No. XI: 


Producer C—Dark discoloration. 
D—Dark discoloration. 
G—Dark discoloration. 

S—Dark discoloration. 
W—Dark discoloration. 


Alloy No. XII: 


Producer C—Dark discoloration. 
discoloration. 
(G—Dark discoloration. 

S—Dark discoloration. 
W—Dark discoloration. 


lloy No. XIII: 


Producer C—Considerable fine white corrosion product. 
D—Considerable fine white corrosion product. 
R—Considerable fine white corrosion product. 
T—Considerable fine white corrosion product. 


illoy No. XIV: 

Producer C—Dark discoloration. 
ID)—Dark discoloration. 
-R—Dark discoloration. 

discoloration. 


SUBCOMMITTEE YV ON EXPOSURE AND CORROSION TESTS 


T—Dark discoloration. 
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Numerous spots of fine white corrosion product. 
Some fine white corrosion product. 

Numerous spots of fine white corrosion product. 
Numerous spots of fine white corrosion product. 
Numerous spots of fine white corrosion product. 


Some very fine white corrosion product. 

Few spots of fine white corrosion product. 
Few spots of fine white corrosion product. 
Few spots of fine white corrosion product. 
Few spots of fine white corrosion product. 


Few spots of white corrosion product. 

Few spots of fine white corrosion product. 
Occasional spots of white corrosion product. 
Occasional spots of white corrosion product. 
Some white corrosion product. 


Occasional spots of white corrosion product. 
Occasional spots of fine white corrosion product. 
Occasional spots of fine white corrosion product. 
Occasional spots of fine white corrosion product. 


Fine white corrosion product. 


Occasional white corrosion product. 
Few spots of white corrosion product. 


Numerous spots of white corrosion product. 


Numerous spots of fine white corrosion product. 
Some spots of fine white corrosion product. 

Occasional spots of fine white corrosion product. 
Numerous spots of fine white corrosion product. 


Some spots of fine white corrosion product. 
Numerous spots of fine white corrosion product. 
Numerous spots of fine white corrosion product. 
Some fine white corrosion product. 

Some fine white corrosion product. 


Some fine white corrosion product. 
Some fine white corrosion product. 
Some fine white corrosion product. 
Some fine white corrosion product. 
Some fine white corrosion product. 
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Alloy No. XV: 
Producer C—Dark discoloration. 


D—Dark discoloration. 
R—Dark discoloration. 
S—Dark discoloration. 


Z—Dark discoloration. 
Alloy No. XVI: 


Producer C—Dark discoloration. 
D—Dark discoloration. 
S—Dark discoloration. 
Z—Dark discoloration. 


Alloy No. XVII: 


Producer D—Dark discoloration. 
S—Dark discoloration. 
T—Dark discoloration. 


Alloy No. XVIII: 


Producer C—Dark discoloration. 
S—Dark discoloration. 
T—Dark discoloration. 


Alloy No. XIX: 


Producer D—Dark discoloration. 
R—Dark discoloration. 
Z—Dark discoloration. 


Some fine white corrosion product. 
Some fine white corrosion product. 
Some fine white corrosion product. 
Some fine white corrosion product. 
Some fine white corrosion product. 


Some fine white corrosion product. 
Some fine white corrosion product. 
Some fine white corrosion product. 
Considerable fine white corrosion product. 


Considerable fine white corrosion product. 
Some fine white corrosion product. 
Considerable fine white corrosion product. 


Considerable fine white corrosion product. 
Considerable fine white corrosion product. 
Considerable fine white corrosion product. 


Some fine white corrosion product. 
Some fine white corrosion product. 
Some fine white corrosion product. 


Alloy No. XX: 


Producer C—Dark discoloration. 
D—Dark discoloration. 


Alloy No. XXI: 


Producer D—Dark discoloration. 
R—Dark discoloration. 
S—Dark discoloration. 
T—Dark discoloration. 
Z—Dark discoloration. 


Alloy No. XXII: 
Producer C—Dark discoloration. 


Some fine white corrosion product. 
Some white corrosion product. Some pitting. 


Some fine white corrosion product. 
Some fine white corrosion product. 
Considerable fine white corrosion product. 
Some fine white corrosion product. 
Considerable fine white corrosion product. 


Considerable white corrosion product. _ 


ALTOONA EXPOSURE 
Alloy No. I: 


Producer C—Dark discoloration. Brownish cast on top of specimens. 
of white corrosion product. 
‘D—Dark discoloration. Brownish cast on top of specimens. 
7 white corrosion product. 
‘G—Dark discoloration. Brownish cast on top of specimens. Some white cor- 
rosion product. 
S—Dark discoloration. 
rosion product. 
W—Dark discoloration. Brownish cast on top of specimens. 
white corrosion product. 
Alloy No. IV: 


Producer C—Dark discoloration. Brownish cast on top of specimens. 
white corrosion product. 

-D—Dark discoloration. Brownish cast on top of specimens. 

rosion product. 

_G—Dark discoloration. 


rosion 
_ S—Dark discoloration. Brownish cast on top of specimens. 
of white corrosion product. 
: W—Dark discoloration. Brownish cast on top of specimens. 
; of white corrosion product. 


Occasional spots 


Few spots of 
Brownish cast on top of specimens. Some white cor- 


Few spots of fine 


Few spots of 
Some white cor- 
Brownish cast on top of specimens. Some white cor- 
Numerous spots 


Numerous spots 
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Alloy No. V: 


Producer C—Dark discoloration. 


Brownish cast on top of specimens. 
of white corrosion product. 
D—Dark discoloration. Brownish cast on top of specimens. 
rosion product. 
G—Dark discoloration. Brownish cast on top of specimens. 
of white corrosion product. 
S—Dark discoloration. Brownish cast on top of specimens. 
of white corrosion product. 
W—Dark discoloration. Brownish cast on top of specimens. 
of white corrosion product. 


Numerous spots 
Some white cor- 
Numerous spots 
Numerous spots 


Numerous spots 


Alloy No. VII: 


Producer C—Dark discoloration. 
D—Dark discoloration. 
G—Dark discoloration. 
S—Dark discoloration. 


Brownish cast on top of specimens. 
Brownish cast on top of specimens. 
Brownish cast on top of specimens. 
Brownish cast on top of specimens. 


W—Dark discoloration. 


Alloy No. VIII: 


Producer C—Dark discoloration. 

corrosion product. 

D—Dark discoloration. Brownish cast on top of specimens. 
corrosion product. 

G—Dark discoloration. Brownish cast on top of specimens. 
white corrosion product. 

S—Dark discoloration. Brownish cast on top of specimens. 
corrosion product. 

W—Dark discoloration. Brownish cast on top of specimens. 
of white corrosion product. 


Brownish cast on top of specimens. 


Alloy No. IX: 
Producer C—Dark discoloration. Brownish cast on top of specimens. 
of fine white corrosion product. 
D—Dark discoloration. Brownish cast on top of specimens. 
of fine white corrosion product. 
G—Dark discoloration. Brownish cast on top of specimens. 
S—Dark discoloration. Brownish cast on top of specimens. 
of fine white corrosion product. 
W—Dark discoloration. Brownish cast on top of specimens. 
of fine white corrosion product. 


Alloy No. X: 


Producer C—Dark discoloration. 
corrosion product. 

D—Dark discoloration. 

of white corrosion product. 

G—Dark discoloration. 

of fine white corrosion product. 

S—Dark discoloration. 
corrosion product. 

W—Dark discoloration. 
corrosion product. 


Alloy No. XI: 


Producer C—Dark discoloration. 
corrosion product. 
D—Dark discoloration. 
corrosion product. 
-G—Dark discoloration. Brownish cast on top of specimens. 
S—Dark discoloration. 
of fine white corrosion product. 
W—Dark discoloration. 
corrosion product. 


Brownish cast on top of specimens. 


Few spots of fine 


Brownish cast on top of specimens. 
Brownish cast on top of specimens. 
Brownish cast on top of specimens. 
Brownish cast on top of specimens. 


Brownish cast on top of specimens. 
Brownish cast on top of specimens. 
Brownish cast on top of specimens. 


Brownish cast on top of specimens. 


Brownish cast on top of specimens. 


Some white 


Some fine white 


Some fine white 


Numerous spots 


Occasional spots 


Occasional spots 


Occasional spots 


Occasional spots 


Some fine white 
Numerous spots 
Numerous spots 
Some fine white 


Some fine white 
Some fine white 
Some fine white 


Numerous spots 


Some fine white 
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Alloy No. XII: 


Producer C—Dark discoloration. Brownish cast on top of specimens. 
D—Dark discoloration. Brownish cast on top of specimens. 
white corrosion product. 
G—Dark discoloration. Brownish cast on top of specimens. 
S—Dark discoloration. Brownish cast on top of specimens. 
white corrosion product. 
W—LDark discoloration. Brownish cast on top of specimens. 


Alloy No. XIII: 


Producer C—Considerable fine white corrosion product. 
l)—-Considerable fine white corrosion product. 
R—Considerable fine white corrosion product. 
‘T—Considerable fine white corrosion product. 


Few spots of fine 


Few spots of fine 


Alloy No. XIV: 

Producer C—Dark brownish cast. 
D—Dark brownish cast. 
R—Dark brownish cast. 
S—Dark brownish cast. 
‘T—Dark brownish cast. 


Alloy No. XV: 


brownish cast. 


Alloy No. XVI: 


Alloy No. X VII: 


Alloy No. X VIII: 


Alloy No. XIX: 


Alloy No. XX: 


Alloy No. XXI: 


Alloy No. XXII: 


Producer C—Dark brownish cast. 


R—Dark brownish cast. 
S—Dark brownish cast. 
Z—Dark brownish cast. 


Producer C—Dark brownish cast. 
D—Dark brownish cast. 
S—Dark brownish cast. 
Z—Dark brownish cast. 


Producer D—Dark brownish cast. 
S—Dark brownish cast. 
T—Dark brownish cast. 


Producer C—Dark brownish cast. 
S—Dark brownish cast. 
‘T—Dark brownish cast. 


Producer D—Dark brownish cast. 
R—Dark brownish cast. 
Z—Dark brownish cast. 


Producer C—Dark brownish cast. 
D—Dark brownish cast. 


Producer D—Dark brownish cast. 
R—Dark brownish cast. 
S—Dark brownish cast. 
T—Dark brownish cast. 
Z—Dark brownish cast. 


Producer C—Dark brownish cast. 


Some spots of fine white corrosion product. 
Few spots of fine white corrosion product. 
Few spots of fine white corrosion product. 
Few spots of fine white corrosion product. 
Few spots of fine white corrosion product. 


Few spots of fine white corrosion product. 


Few spots of fine white corrosion product. 


Few spots of fine white corrosion product. 


Few spots of fine white corrosion product. 


Some pitting. 


Some fine white corrosion product. itti 
Some pitting. 


Some fine white corrosion product. 


Few spots of fine white corrosion product. 
Few spots of fine white corrosion product. 
Few spots of fine white corrosion product. 
Few spots of fine white corrosion product. 


Considerable fine white corrosion product. 
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Alloy No. I: 
Producer C—Retains almost original metallic luster. 
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STATE COLLEGE EXPOSURE ; 


D—Retains almost original metallic luster. 
G—Retains almost original metallic luster. dj 
S—Slightly gray in appearance. . 

W—Retains almost original metallic luster. = 


Alloy No. IV: 

Producer C—Retains almost original metallic luster. 
D—Retains almost original metallic luster. 
G—Retains almost original metallic luster. 
S—Retains almost original metallic luster. 
W—Retains almost original metallic luster. 


Alloy No. V: 

Producer C—Retains almost original metallic luster. 
D—Somewhat gray in appearance. 
G—Retains almost original metallic luster. 
S—Retains almost original metallic luster. 
W—Retains almost original metallic luster. 


Alloy No, VII: 

Producer C—Retains almost original metallic luster. 
D—Retains almost original metallic luster. 
G—Retains almost original metallic luster. 
S—Somewhat gray in appearance. 
W—Somewhat gray in appearance. 

Alloy No. VIII: 


Producer C—Retains almost original metallic luster. ; 


D—Retains almost original metallic luster. 
G—Retains almost original metallic luster. 
S—Retains almost original metallic luster. 
W—Retains almost original metallic luster. 


Alloy No. IX: 
Producer C—-Somewhat gray in appearance. 
D—Somewhat gray in appearance. 
G—Somewhat gray in appearance. 
S—Somewhat gray in appearance. 
W—Retains almost original metallic luster. 7 


Alloy No. X: 


Producer C—Retains almost original metallic luster. 
I)—Retains almost original metallic luster. 
_~G—Somewhat gray in appearance. 
S—Somewhat gray in appearance. 
W —Retains almost original metallic luster. 4 
Alloy No. XI: 
Producer C—Retains almost original metallic luster. 
I)—Retains almost original metallic luster. 
G—Retains almost original metallic luster. 
S—Retains almost original metallic luster. 
-W—Retains almost original metallic luster. 


Alloy No. XII: 

Producer C—Somewhat gray in appearance. 
D—Somewhat gray in appearance. 
G—Somewhat gray in appearance. 


S—Quite dark in appearance. 
_ W—Somewhat gray in appearance. 
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Alloy No. XIII: _ 


Producer C—Some white corrosion product. 
D—Some fine white corrosion product. 
R—Considerable fine white corrosion product. 
T—Considerable fine white corrosion product. 


Alloy No. XIV: 


Producer C—Some fine white corrosion product. 
D—Few spots of fine white corrosion product. 
R—Few spots of fine white corrosion product. 
S—Few spots of fine white corrosion product. 
T—Few spots of fine white corrosion product. 


Alloy No. XV: 

Producer C—Few spots of fine white corrosion product. 

D—Gray appearance. 
R—Gray appearance. Few spots of white corrosion product. 
S—Gray appearance. Few spots of white corrosion product. 
Z—Few white spots of corrosion product. 


Alloy No. XVI: 


Producer C—Gray appearance. Few spots of fine white corrosion product. 

j oe D—Gray appearance. Few spots of fine white corrosion product. 
S—Gray appearance. Few spots of fine white corrosion product. 
Z—Gray appearance. Few spots of fine white corrosion product. 


Alloy No. XVII: 


Producer D—Gray appearance. Few spots of fine white corrosion product. 
S—Gray appearance. Few spots of fine white corrosion product. 
T—Some fine white corrosion product. 


Alloy No. X VIII: 


Producer C—Considerable fine white corrosion product. 
S—Considerable fine white corrosion product. 
T—Some fine white corrosion product. 


Alloy No. XIX: 


Producer D—Dark appearance. Few spots of fine white corrosion product. 
R—Some fine white corrosion product. 
Z—Some fine white corrosion product. 


Alloy No. XX: 


Producer C—Some fine white corrosion product. Some pitting. 
' D—Dark appearance. Few spots of fine white corrosion product. 


Alloy No. XXTI: 


Producer D—Some fine white corrosion product. 
R—Few spots of fine white corrosion product. 
S—Dark appearance. 
T—Dark appearance. Few spots of fine white corrosion product. 
Z—Considerable fine white corrosion product. 


Alloy No. XXII: 
Producer C—Considerable fine white corrosion product. 


ROCHESTER ExPosuRE 
Alloy No. I: 


Producer C—No photographs taken. 


G—Dark discoloration. Some fine white corrosion product. 


D—Dark discoloration. Numerous spots of fine white corrosion product. 


S—Dark discoloration. Numerous spots of fine white corrosion product. 
W—Dark discoloration. Numerous spots of fine white corrosion product. 
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Alloy No. IV: 
Producer C—Dark discoloration. 
Dark discoloration. 
G—Dark discoloration. 
S—Dark discoloration. 
W—Dark discoloration. 


Alloy No. V: 

Producer C—Dark discoloration. 
D—Dark discoloration. 
G—Dark discoloration. 
S—Dark discoloration. 
W—Dark discoloration. 


Alloy No. VII: 

Producer C—Dark discoloration. 
D—Dark discoloration. 
G—Dark discoloration. 
S—Dark discoloration. 
W—Dark discoloration. 


Alloy No. VIII: 

Producer C—Dark discoloration. 
D—Dark discoloration. 
G—Dark discoloration. 

S—Dark discoloration. 
W—Dark discoloration. 


Alloy No. IX: 


Producer C—Dark discoloration. 
D—Dark discoloration. 
G—Dark discoloration. 

S—Dark discoloration. 
W—Dark discoloration. 


Allay No. X: 


Producer C—Dark discoloration. 
D—Dark discoloration. 


S—Dark discoloration. 
W—Dark discoloration. 


Alloy No. XI: 


Producer C—Dark discoloration. 
D—Dark discoloration. 
G—Dark discoloration. 
S—Dark discoloration. 
W—Dark discoloration. 


Alloy No. XII: 


G—Dark discoloration. 


Alloy No, XIII: 
Producer C 


SUBCOMMITTEE V ON EXPOSURE AND CORROSION TESTS 


G—No photograph taken. 


Producer C—Dark discoloration. 
D—Dark discoloration. 


S—No photographs taken. 
W—No photographs taken. 
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Numerous spots of fine white corrosion product. 
Numerous spots of fine white corrosion product. 
Numerous spots of fine white corrosion product. 
Numerous spots of fine white corrosion product. 
Numerous spots of white corrosion product. 


Numerous spots of white corrosion product. 
Numerous spots of white corrosion product. 
Numerous spots of white corrosion product. 
Numerous spots of white corrosion product. 
Numerous spots of white corrosion product. 


Some fine white corrosion product. 
Some fine white corrosion product. 
Some fine white corrosion product. 
Some fine white corrosion product. 
Some fine white corrosion product. 


Some fine white corrosion product. 
Some fine white corrosion product. 
Considerable fine white corrosion product. 
Considerable fine white corrosion product. 
Considerable fine white corrosion product. 


Some fine white corrosion product. 
Some fine white corrosion product. : 
Considerable fine white corrosion product. 
Considerable fine white corrosion product. 

Considerable fine white corrosion product. _ 


Some white corrosion product. 
Considerable fine white corrosion product. 


Considerable fine white corrosion product. 
Some fine white corrosion product. 


Some fine white corrosion product. 
Some white corrosion product. 
Some white corrosion product. 
Some white corrosion product. 
Few white corrosion product. 


Some fine white corrosion product. 
Some white corrosion product. 
Considerable fine white corrosion product. 


> Specimens stolen from exposure rack. 
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Alloy No. XIV: 
Producer C 


Alloy No. XV: 

Producer C—Dark appearance. 
_D—Dark appearance. 
_R—Dark appearance. 

S—Dark appearance. 
Z—Dark appearance. 


Alloy No. XVI: 

Producer C—Dark appearance. 
appearance. 
S—Dark appearance. 
Z—Dark appearance. 

Alloy No. X VII: 

Producer 1)—Dark appearance. 
S—Dark appearance. 
‘l—Dark appearance. 

Alloy No. X VIIT: 

Producer C—Dark appearance. 
S—Dark appearance. 
‘T—Dark appearance. 


Alloy No. XIX: 


R | Specimens stolen from exposure rack, 


Few spots of fine white corrosion product. 
Few spots of fine white corrosion product. 
Few spots of fine white corrosion product. 
Few spots of fine white corrosion product. 
Few spots of fine white corrosion product. 


Considerable fine white corrosion product. 
Few spots of fine white corrosion product. 
Few spots of fine white corrosion product. 
Few spots of fine white corrosion product. 


Few spots of fine white corrosion product. 
Few spots of fine white corrosion product. 
Few spots of fine white corrosion product. 


Some fine white corrosion product. 
Considerable fine white corrosion product. 
Few spots of fine white corrosion product. 


Producer D—Few spots of fine white corrosion product. 


R—Dark appearance. 
Z—Dark appearance. 


Alloy No. XX: 


Producer C—Dark appearance. 
D—Dark appearance. 


Alloy No. XXT: 


Producer D—Dark appearance. 
R—Dark appearance. 
S—Dark appearance. 
T—Dark appearance. 
Z—Dark appearance. 


Alloy No. XXII: 


Producer C—Specimens stolen from exposure rack. 


Some fine white corrosion product. 
Some fine white corrosion product. 


Small corrosion blisters. 
Small corrosion blisters. 
Few spots of fine white corrosion product. 
Few spots of fine white corrosion product. 


Few spots of fine white corrosion product. 
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DISCUSSION 


Mr. A. J. FieLp.'—There is one brief comment I should like to make 
on the aluminum alloys covered in this report. As stated in the report, 
there are small changes in properties which probably have been caused by 
age hardening and are to be seen by studying the test results on the indoor 
exposed specimens only. In connection with this age hardening, which is 

fonly very minor magnitude, it is of special interest to examine whether 
age hardening is likely to be progressive or takes place in the early 
tages only. Some information on this point can be gained by comparing 
the results after 5 yr. indoor exposure with those after 1 yr. indoor ex- 
posure, Which were published by the committee in 1932.2 It will be found, 
msidering only those specimens of acceptable chemical analysis, that the 
hanges between the l-yr. and 5-yr. indoor properties are very much less 
in magnitude than between the original and 5-yr. properties, and in many 
ses are nil. A safe conclusion from this is that the greater part of the 
mall age hardening that has taken place was completed in 1 yr. and that 
practically no further hardening has taken place between 1 and 5 yr. 

(By letter.) -A consideration of the report of Subcommittee V of 
Committee B-6 indicates that it may be helpful to have the committee’s 
\tensive data on aluminum die-cast alloys available in a compressed and 

lected form, so as to render the conclusions of the subcommittee more 
readily confirmable by an examination of the figures, and to provide a 
road basis of study of the behavior of the different alloys by averaging 
such variations as those due to different producers. In comparing the 
various alloys, it seems reasonable that only those specimens of which the 
composition comes close to allowable limits should be included for study. 

With the above objects in view, the accompanying Table I of average 
roperties is presented. This table has been compiled only for those 

ecimens of “acceptable” chemical analysis, as given in a previous paper 
y the writer. The table covers average physical properties for each 
y after 5-yr. outdoor and 5-yr. indoor exposure, the figures for which 
ive been derived from the results given in the present report. Average 
roperties after 1-yr. indoor exposure are also included, the figures for 
hich are derived from results previously published by the committee.? 
\lso included in Table I are average “original” properties, which are not 


Technical Representative, Arthur Seligman and Co., Inc., New York City. 
* Report of Committee B-6, Appendix: Table of Physical Properties of Aluminum-Base Die-Casting 
p Specimens After 1-Year Indoor Exposure, Proceedings, Am. Soc. Testing Mats., Vol. 32, Part I, p. 275 


- A. J. Field, ‘The Physical Properties of Aluminium-Base Die-Casting Alloys,” Proceedings, Am. Soc. 
ting Mats., Vol. 32, Part I, p. 285 (1932). 
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derived from the committee’s present report, but which have been copied 
from a previous paper by the writer.'. The “original” tensile and elonga- 
tion properties here included were obtained by averaging the results of 
6 testing laboratories for all specimens extending over an interval of time 
averaging about 7 months from the dates of casting, whereas the “‘as cast” 
figures given in the committee’s report include results from 1 to 4 testing 
laboratories for each set of specimens extending over a time of 1 to 3 months 
after casting. A close study of individual results has shown that no sig- 
nificant difference in tensile or elongation results is introduced by the 
writer’s selection of “original” values, but rather that it is preferable to 
use the broader base for the averages, which has the additional advantage 
of giving impact values for all specimens. The “original” impact values 


TABLE I.—AVERAGE PHYSICAL PROPERTIES OF }°IN. DIAMETER Die-Cast Test Bars 
(or ‘‘ ACCEPTABLE’? CHEMICAL ANALYSIS ONLY). 


Nominal Composition, Tensile Strength, Elongation in 2 in., Impact Strength, 
per cent Ib. per aq. in. per cent ft-lb. 

Alloy 
lyr. | Syr. | Syr. lyr. | 5 yr.) 5 yr yr. | 5 yr. | S yr. 
Copper] Silicon | Nickel |Original| In- In- | Out- |Original| In- | In- | Out- |Original] In- | In- | Out- 
door | door | door door | door | door door | door | door 
4 ... | 30150 | 30 960) 31330) 30570) 4.4 4.113.5 3.9 6.9 5.6 | 5.5 | 5.0 
10 ... |84720 | 36 420) 37 060) ..... 1.8 3.5 2.6 | 2.6]... 
No. III..... 14 ... |388760 | 40370) 40 760) ..... 1.0 1.9 
5 ... | 28760 | 28 850) 29 000| 29190) 3.1 | 5.4 14.4145) 43 
12 32 560 | 33 530] 33 690) 31790) 1.5 1.6] 1.7) 1.3 2.3 2.0} 2.0) 1.8 
No. VI... 2 3 | 29700 |31 160)31 450) ..... 3.6 3.613.4]... 5.5 4.6) 4.5 
No. VII. 5 ... |33120 | 34350) 34 650) 34050) 1.9 1.9] 1.7] 1.9 2.7 2.0} 1.9] 1.7 
No. VIII 1.5 1 2.25 | 29.070 | 29 540) 30 240) 29050) 3.7 3.7 | 3.6 | 3.4 4.3 4.0 | 3.8] 3.7 
4 1.75 4 31 560 | 33 160} 33 120) 32450) 1.7 1.6/1.5] 1.4 2.3 
No, X..... 2 5 27 870 | 28 000) 27 27870) 2.1 2.2 | 2.2] 2.1 2.9 2.512.5)24 
No, XI 2 8 32 320 | 33 520] 33 760) 33 290) 1.7 | 1.8)1.811.5] 3.0 | 2.5]24]21 
No. XIlI..... 8 1.5 34 410 | 36 60 | 35 270) 34 730) 1.6 1.5 | 1.4] 1.3 3.2 2.2123 


Nore.—Properties after 1 yr. exposure, average of 4 locations. _ 
Properties after 5 yr. indoor exposure, average of 4 locations. 
Properties after 5 yr. outdoor exposure, average of 5 locations. 


in Table I are derived from 3 testing laboratories for all specimens at an 
average interval of about 6 months after casting, the results from one 
laboratory being uniformly rather higher than from the other two, so that 
the “original” average impact values may be slightly on the high side. 
An examination of Table I will more readily enable the subcommittee’s 
conclusions to be confirmed, and will show that such changes in physical 
properties as have taken place in 5 yr. indoor and outdoor exposure are 
very small. It can also be seen that the individual alloys tested differ but 
little from one another in their high resistance to the exposures. 
Attention is drawn to the 1 yr. indoor and 5 yr. indoor exposure 
results, an examination of which justifies the conclusion that such age- 
hardening as has taken place is of no important magnitude in any alloy, 
and that all alloys are practically stable in properties after 1 yr. indoor 
exposure. 
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DISCUSSION ON DreE-CASTING ExposuRE TESTS 


great special effect of any locality on any individual alloy. 


The effects of the various 5-yr. exposure localities cannot be seen in 
Table I. An examination of the committee’s figures to determine the effects 
of the different localities on the properties of the different alloys shows no 


It therefore 


seems justifiable and of interest to examine the mean effect of each locality 


TaBLE I].—EFFEcT OF LOCALITY ON MEAN PROPERTIES OF NINE DIFFERENT ALLOYS 


AFTER 5 YR. OuTDOOR EXPOSURE. 


TENSILE STRENGTH, 
LB. PER SQ. IN. 


Impact STRENGTH, 


FT-LB. 
2.49 
2.89 
2.84 
2.70 
2.85 
2.81 


TaBLE III.—EFFect oF LOCALITY ON MEAN PROPERTIES OF TWELVE DIFFERENT ALLOYS 


AFTER 5 yr. INDOOR EXPOSURE. 
TENSILE STRENGTH, 


| 
. 


on all alloys. 


ages being derived from specimens of ‘‘acceptable”’ 
g Pp 


For this reason the accompanying Tables IT and III are 
presented, in which are shown the mean tensile and impact strengths of 
all alloys at each outdoor and each indoor locality respectively, the aver- 
analysis only. The 
results confirm the subcommittee’s comments and show that there is no 


IMPACT STRENGTH, 
LB. PER SQ. IN. 


FT-LB. 
2.80 
3.06 
2.76 
3.13 


very marked difference in the effects of any of the outdoor localities in 


)yr., and the same remark applies to the indoor localities. 
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REPORT OF COMMITTEE C-1 


— 


ON 


The results of the year’s activities of Committee C-1 on Cement can 
be best evaluated from the fact that it has submitted for action by Com- 
mittee E-10 on Standards one proposed tentative specification and three 
tentative methods of test. It has further continued active work along 
other lines which should shortly lead to the promulgation of standards. 
Briefly, this work has been confined to test requirements and methods for 
high-early-strength cements, short methods for the determination of the 
magnesia in cements, methods for indicating volume changes during 
hardening, and the continuation of the services of the Cement Reference 
Laboratory in calibrating testing equipment and in demonstrating to lab- 
oratory operators the proper procedure to be used in carrying out cement 


testing according to A.S.T.M. Standards. 


High-Early-Strength Cement: 


The Sponsoring Committee on High-Early-Strength Cements (M. A. 
Swayze, chairman) has been carrying out an investigation of all the cements 
(totaling 33) of that type now available in our markets. Four laboratories 
have cooperated in the work in which special features were the determina- 
tion of the fineness by the No. 325 sieve and the specific surface by the 
Wagner turbidimeter or hydrometer, the making and testing of the usual 
standard sand briquets, plastic mortar cubes according to the new A.S.T.M. 
Tentative Method of Test for Compressive Strength of Portland Cement 
Mortars (C 109 — 34 T), and 6 by 12-in. concrete cylinders. ‘The purpose 
of this study was primarily to compare the results of the mortar cubes with 
briquets and concrete, as there has been evidenced a considerable demand 
for a compression test specimen of mortar rather than the commonly used 
tension specimen. The data are now in the hands of the committee as 4 
whole. 

The committee at its spring meeting after giving consideration to the 
present status of the Tentative Specifications for High-Early-Strength 
Portland Cement (C 74-30 T), voted to submit to letter ballot of the 
committee the question of recommending their adoption as standard with 
but one revision, deleting the fineness requirements. The results of this 
letter ballot were favorable. The committee is therefore recommending 
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On CEMENT 231 


that with this revision these tentative specifications be submitted to the 
Society for adoption as standard.! 

Although these specifications cover only high-early-strength cements 
of the true portland type, the committee has not lost sight of those high- 
early-strength cements which are mixtures of portland cement and small 
quantities of other materials. It is believed that within a short time 
specifications will be available covering these. . 

Masonry Cement: 


The Sponsoring Committee on Masonry Cement (H. D. Baylor, chair- 
man) has given consideration to the Tentative Specifications and Tests for 
Masonry Cement (C 91 — 32 T) for which it is responsible. Notwithstand- 
ing the great interest by various groups in masonry cements, the committee 
has not received much in the way of comments as a result of promulgating 
these tentative specifications. It consequently addressed a questionnaire 
to all those known manufacturers of this commodity, asking among other 
things, their attitude towards withdrawing these Tentative Specifications 
or continuing them “‘as is”’ pending further study, or revising them along 
lines which they were to suggest in replying to the questionnaire. Unfor- 
tunately, no very constructive suggestions were received regarding the 
nature of future studies, but it was very evident that the manufacturers did 
not desire having the tentative standard withdrawn. Hence, the committee 
is recommending that Specifications C 91 - 32 T be continued as tentative 
for another year. 


Chemical Analysis: 


Although the Working Committee on Methods of Chemical Analysis 
(W. C. Hanna, chairman) completed during the year the preparation of 
the recently issued Tentative Method of Chemical Analysis of Portland 
Cement (C 114-34 T),? it has actively continued its work. Where speci- 
fications do not require a complete chemical analysis but place limits upon 
the amount of magnesia allowable, it is very desirable that a shorter 
method be available than that contained in the present Standard Methods 
of Sampling and Testing Portland Cement (C 77-32). The working 
committee has conducted a comparative investigation in a group of lab- 
oratories covering several quick methods and the present Tentative Method 
Cll4-34T. The results indicate that possibly two of the shorter methods 
may be adequate. They appear both precise and accurate, as may be 
noted in the report appended hereto, wherein are presented briefly the 
results of this investigation. However, the committee is not ready at this 

' This recommendation failed to receive the necessary two-thirds vote at the session of the annual meeting, 


ummary of Proceedings, p. 24. The specifications are accordingly being continued as tentative. 
The method in its latest form appears on p. 766. 
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- cooperative study using two cements and participated in by 24 labora- 


tories. 

It has also inaugurated work covering the determination of manganese 
oxide and ferrous oxide in cements. The presence of these oxides in any 
quantity very materially affects the calculations of the amounts of the 
four major compounds assumed to be present in portland cement. Hence, 
the determination of these becomes a matter of much moment. 


Low-Heat and Blended Cements: 


It is with much regret that the committee cannot announce more than 
progress in its work on low-heat and blended cements. While it is true 
that the agitation regarding true low-heat cements has somewhat sub- 
sided, the opposite is the case with blended cements. It is believed, how- 
ever, that during the coming year something more than progress will be 
achieved in these two activities. 


Volume Change and Soundness: 


The Working Committee on Volume Change and Soundness of Port- 
land Cement (H. F. Gonnerman, chairman) which has been assigned these 
problems has not lost sight of the importance of further work towards 
developing better methods to determine volume change and soundness. 
But while it seems that the early disintegration of cement products or test 
specimens, due to inadequate manufacturing procedure, has become a 
thing of the past and the test method has become almost unnecessary, 
there remains much concern over the change in volume due to hardening 
and to cycles of wetting and drying. What work has so far been carried 
out by the working committee has not yet yielded results which might be 
used as a basis for developing an acceptance test. The question is being 
actively studied. 


Plasticity: 

The Working Committee on Plasticity (C. H. Scholer, chairman) has 
given some thought to the possibility of applying certain procedures used 
at the National Bureau of Standards in its study of masonry cements as 4 
method for evaluating the relative plasticity of cements. This method 
involves a change in working qualities of fnortars after being subjected to 
the withdrawal of water by an absorptive base. A questionnaire was 
distributed to a number of laboratories studying this property and elicited 
some interesting comments, but did not lead to any information which 
might be used in developing a test program. 


1 Subsequent to the annual meeting Committee C-1 presented to the Society as tentative two quick 


methods for the determination of magnesia content in portland cement, see p. 235. 
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Cement Reference Laboratory: 

A brief report of the activities of this laboratory, maintained at the 
National Bureau of Standards by the committee, is appended hereto. Of 
particular interest is a tabulation showing the results of the calibration 

‘ of equipment on the several inspection tours, which now total four. This 

/ shows the value of this work most concisely and conclusively and it further 

: shows the spirit in which the public has accepted the efforts of the com- 

mittee. Such a marked increase in acceptable equipment has been brought 
about only by the ready and prompt acquiescence of those maintaining 
testing laboratories in the inspection results. The suggested replacement 
or readjustment of faulty equipment has in many cases entailed an expen- 

: diture of considerable funds, but it seems that those who have made such 

: expenditures have been very highly pleased with the improvement in their 

: laboratories. With the adoption of some of the new tentative methods, 

i such as those involving compression specimens, the work of the Cement 
Reference Laboratory will have to be expanded to take care of the equip- 
ment used in such testing. This is being considered by the subcommittee 
concerned with this activity. | 

rt- New Tentative Standards: 

se During the year Committee C-1 presented to the Society, through 

‘ds Committee E-10 on Standards, four proposed standards for publication 

ss. as tentative. Two of these, the Tentative Method of Chemical Analysis 

est of Portland Cement (C 114-34 T),! and Tentative Method of Test for 

a Fineness of Portland Cement by Means of the Turbidimeter (C 115- 

ry, 34 T),1 were formally accepted by Committee E-10 on December 27, 1934 

ing and have now been issued as tentative.? Approval of the other two pro- 

ied posed standards, namely, Specifications for Sulfate-Resistant Portland 
be Cement, and Methods for Sampling and Testing Sulfate-Resistant Port- 
ing land Cement, was withheld pending the receipt of more supporting data. 
These are being given further thought by Committee C-1. The Tentative 
Methods C 114-34 T and C 115-34 T have been published so recently 
that no comments have been received; consequently it is being recom- 
has mended that they be continued as tentative for the coming year. : 

Plastic Mortar: 

hod It is also recommended that the Tentative Method of Test for Com- 

1 to pressive Strength of Portland-Cement Mortars (C 109-34 T), remain 
—es a tentative for another year. This method is being used not only for 
ited ' These methods in their latest form appear on pp. 776 and 777. 

hich In submitting these tentative methods to Committee E-10 on Standards, Committee C-1 reported the 


following results of the letter ballot vote of a total of 65 ballots returned from a committee membership of 
73: Tentative Method of Chemical Analysis of Portland Cement (C 114-34 T), 55 affirmative, 1 negative, 
tad 9 marked their ballots “‘not voting"; Tentative Method of Test for Fineness of Portland Cement by 


quick Means of the Turbidimeter (C 115 - 34 T), 51 affirmative, 2 negative, and 12 marked their ballots “not voting.” 
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further study by the committee, but is also being used in purchase specifica- 
tions in several large RENE operations; among others, by the Tennessee 
Valley Authority in a recent purchase of 6,500,000 barrels of cement and 
in the purchase of 1,200,000 barrels by the United States Engineer Office 
for the Tygart River Reservoir Dam. Several laboratories are cooperating 
also in studying such questions as the effect on the strength of variation in 
the grading of the sand, of using a variable instead of a fixed amount of 
water, of using non-sealed instead of sealed molds, speed of testing, etc. 
Valuable information should soon be available which will be of use to the 
committee in considering the adoption of this method as standard. 


RECOMMENDATIONS AFFECTING STANDARDS 


The committee proposes that the fineness requirement in Section 3 of 
the Tentative Specifications for High-Early-Strength Portland Cement 
(C 74-30 T) be deleted and recommends that the specifications as thus 
revised be referred to letter ballot of the Society for adoption as standard: 
‘This recommendation has been submitted to letter ballot of the committee, 
which consists of 73 members; 73 members returned their ballots, of 
whom 533 have voted affirmatively, 11} negatively and 7 marked their 
ballots ‘‘not voting.” 


This report has been submitted to letter ballot of the committee which 
consists of 73 members; 61 members returned their wots, of whom 60 


have voted affirmatively and none negatively. _ 


Respectfully submitted on behalf of the = 


. H. 


G. A. SAEGER, 


1 This recommendation failed to receive the necessary two-thirds vote at the session of the annual meet 
see Summary of Proceedings, p. 24. The specifications are accordingly being continued as tentative. 
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-~REPORT OF THE WORKING COMMITTEE ON METHODS 


a4 OF CHEMICAL ANALYSIS 

e RepoRT OF STUDY OF A QuicK METHOD FOR DETERMINING MAGNESIA IN CEMENT 
ce There is presented in Table I a digest of a preliminary study of the 
ng results obtained in analyzing several cements for magnesia by three 
in methods. ‘Two of these methods were developed by their authors (Fred 
of P. Diener! and John C. Redmond?) as a means of quickly obtaining the 
tC. 


TaBLE I.—PERCENTAGE MAGNESIA CONTENT OF PORTLAND CEMENTS AS DETERMINED 


he a BY DIFFERENT METHODS. 
Method I: U.S. Bureau of Reclamation Specifications 599-D and 566 for Boulder Dam. 
Method III: 8-Hydroxyquinoline Method of J. C. Redmond. 


os Method IV: Volumetric Method of F. P. Diener. 


Cement A@ Cement B Cement C Cement D 
Laboratory 
of Method| Method] Method] Method|Method|Method||Method| Method|Method||Method| Method| Method 
I m | iv} | m | ivi]. | m | iv m | ive 
4.04] 4.14 | 3.93 3.41 | 3.58 | 3.34] 5.31 | 5.34 | 5.34] 5.43 | 5.40 | 5.47 
Us 4.08 | 4.22 | 4.16 | 3.45 | 3.46 | 3.44 | 5.37 | 5.16 | 5.36 | 5.55 | 5.18 | 5.36 
i | 4.09 | 4.01 | 4.14 | 3.59 | 3.41 | 3.53 | 5.38 | 5.19 | 5.35 | 5.53 | 5.38 | 5.53 
4.27 | 4.04 | 3.80 || 3-63 | 3:42 | 3.46 | 5.58 | 5.15 | 5.10 | 5.62 | 5.24 | 5.34 
ee, 4.46 | 4.11 | 4.75 | 3.79 | 3.56 | 3.90 | 5.73 | 5.45 | 5.70 | 5.89 | 5.55 | 6.15 
4.04 | 3.95 | .... | 3.39 | 3.37 5.23 | 5.10] .... 5.42 | 5.31] .... 
. 4.20 4.15 4.50 3.36 3.47 3.50 || (4.80) | (4.64) | 5.00 5.12 4.98 5.20 7 
4.47 | (4.59) | 4.38 || 3.77 | (3.94) | 3.98 5.68 | (6.02) | 5.56 || 5.92 | (6.12) | 5.95 
4.20 | 4.07 | 4.24] 3.55 | 3.44 | 3.59] 5.49 | 5.24 | 5.34 | 5.59 | 5.31 | 5.57 
ich *Careful analysis of Cement A under the supervision of G. E. F. Lundell, National Bureau of Standards, chewed © 
magnesia content of 4.07 per cent. This determination was not made by Method I. 
60 ' Averages are the mean of the results reported by laboratories, omitting values in parentheses. 
inal result, when compared with the time necessary to make the deter- 
mination using the procedures described in the Tentative Methods of 
Chemical Analysis of Portland Cement (C 114~—34 T).2 Since these 
newer methods are not generally known they are presented herewith.4 
1. Since the methods were entirely new to many analysts, another 
operative investigation is under way, which is being participated in by 
4 laboratories. ‘The data so far obtained indicate great likelihood that a , 
ting ery satisfactory quick method may be obtained. 


Respectfully submitted on behalf of the working committee, 


W. C. Hanna, 
Chairman. 


4 


sistant Chief Chemist, Northampton Plant, Universal Atlas Cement Co., Northampton, Pa. 

fattelle Memorial Inst., Columbus, Ohio; formerly of National Bureau of Standards, Washington, D. C. 
iccepted for publication as tentative by Committee E-10 on Standards, December 27, 1934; see p. 766. 
ubsequent to the submission of this report, these two methods were presented by Committee C-1 to 
‘iety through Committee E-10 on Standards at a meeting on August 22, 1935, and were accepted for 
min the Tentative Method C 114 as alternate, more rapid methods for the determination of magnesia 
nagnesia alone is to be determined, with the understanding, however, that in case of dispute the results 
ed in accordance with Section 11 of the Standard Methods of Sampling and Testing Portland Cement 
-M. Designation: C 77) shall govern. Since these rapid methods appear in full in the revised Tenta- 
lethod C 114-35 T, see p. 766, they have not been included in this report.—-Eb. 

(235) 
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REPORT OF SUBCOMMITTEE ON CEMENT REFERENCE LABORATORY 
(Period April 1, 1934, to March 31, 1935) 


The fourth tour of inspection among the cement laboratories of the 
country was begun just a few days before the end of the period covered by 
the Reference Laboratory’s report as presented in the 1934 report of Con- 
mittee C-1.!_ Of the 229 laboratories which have requested inspection to 
be made in this tour, inspections of 143 or about two thirds of this current 
tour has been completed. 

There is still in effect the rule of the U.S. Bureau of Public Roads 
requiring Reference Laboratory inspection at those cement testing labora- 
tories which make acceptance tests of cement for Federal Aid projects. 
There have already been sent to the Bureau of Public Roads, during the 
work of the fourth tour, copies of a large number of reports covering the 
inspections at various highway and commercial testing laboratories. 

In the last annual report of Committee C-1! there was presented a 
table which indicated a gradual increase in the percentage of cement test- 
ing apparatus which complied with the current A.S.T.M. specifications. 
Table I of this report shows the quantity of apparatus tested during the 
fourth inspection tour to date, and the percentage of such apparatus which 
was in accordance with specification requirements. Again there appears 
progressive improvement. 

The Reference Laboratory prepared and distributed fineness samples 
of four cements and carried out a series of comparative turbidimeter tests 
in cooperation with 30 laboratories. The purpose of this series of tests was 
to study the possibilities of a proposed method of calibrating the Wagner 
turbidimeter. Results showed that with the new method of calibration 
the cooperating laboratories could secure more uniform results than with 
the method previously in use. The new method of calibration has sinc 
been incorporated in the A.S.T.M. Tentative Method of Test for Fineness 
of Portland Cement by Means of the Turbidimeter (C 115-34 T).? As 
result of studies made some months ago on the timing burette used with 
the Wagner turbidimeter, there was prepared a specification for an im- 
proved burette. This likewise has been included in the Tentative Method 
C 115 - 34 T. 

It was found necessary to improve the method of packing the standard 
sample used for calibrating the turbidimeter. The Reference Laboratory 
devoted considerable time to improving the container for this sample. 

1 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 361 (1934). 


3 See p. 777. 
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On Cement REFERENCE LABORATORY 237 
Recently, some time has been devoted to a study of methods of deter- 
mining or comparing the consistencies of mortars. Thus far, the work — 
has not progressed enough to warrant a progress report. Some study has 
also been made of the possibilities of using the Wagner turbidimeter for 
making fineness determinations on the sand specified for the plastic mortar 
cubes. This work is prompted by questions as to the probable differences — 
which might be found in the sieves, which may comply with the standard - 
gecifications’and yet differ among themselves in actual sieving behavior. 
During the winter considerable time has been spent by the inspectors — 
in tabulating those portions of old inspection reports relating to methods —~ 
observed in the field. The purpose was to provide such statistics as might 
indicate what degree of improvement, if any, had been achieved during 
the course of the work. This study has just been completed and is now | 
summarized in Table IT. 


LABORATORY INSPECTION TOURS. 


Fourth Tour, to Date* Third Tour First Tour 7 


Approved, | Approved, , | Approved, 
per cent per cent per cent 


TABLE I.—CoMPARISON OF APPARATUS APPROVED DuRING _ 


* Covers completed inspections of 143 laboratories out of the total of 229 laboratories which requested inspection. 

>This figure includes balances actually tested during the inspection and does not include 9 balances in laboratories which 
were not teeted because of unsuitable t Four laboratories were without fineness balances. Ten laboratories used chemical 
ualytical balances for fineness tests and three laboratories used balances approved when tested in other laboratories. 


ondition of apparatus. However, it appeared that some helpful informa- _ 
tion might be obtained by listing under the principal items of test procedure _ 
the various important minor details, and then listing opposite each of the 
subdivisions the percentage of laboratories which demonstrated that por- 
lon of the method in accordance with specification requirements. It is 
wot meant that these subdivisions have the same relative weight. 

Table II and Fig. 1 are quite self-explanatory. During the progress of - 
‘te work there were changes in specifications, but nevertheless the figures : 
xeindicative of uniformity of practice. It will be observed that in nearly all 
‘ses there was progressive improvement during the period of inspection. It 
mill also be observed that during the portion of the fourth tour which has ~ 
‘en thus far completed, those laboratories which have had at “oor 
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REPORT OF SUBCOMMITTEE OF COMMITTEE C-1 


TABLE II.—PERCENTAGE OF EAacH Test METHOD Detar WHICH, IN DEMONSTRATIO: 
AND ANSWERS, WAS FouNnD IN ACCORDANCE WITH REQUIREMENTS. ” 


Second Tour Third Tour Fourth 
our 


T 

— No | No | One At Least No | At Least 
Prior Prior Prior One Prior e 

Inspec- || Inspec- | Inspec- Prior In- Inspec- | Prior In- 


tion tion tion spection tion | spectio 


A. Treatment of sample: 
1. Passed through No. 
20 sieve 
2. Air-tight storage 
containers 


B. Fineness (hand sieving 

test): 

1. Sieves calibrated... . 
2. Size of sample 
3. Preliminary sieving. . 
4. Sieving for end point 
5. Timing for end point 
6. End point 
7. Pan ayd cover for 

fingl sieving” 


. Normal consistency: 
1. Temperature of mix- 
ing water 
2. Size of batch....... 
3. Turning cement into 
4, Absorption period 
(initial point)..... 
5. Absorption period 
(length) 
6. Mixing time®....... 
7. Manner of mixing... 
8. Filling mold 
9. Time between mixing 
and plunger release? 
10. Penetration time.... 


D. Gillmore setting time test: 
1, Shaping pat 
2. Finishing top surface 
3. Dimensions of pat. . 


E. Tension test: 
Size of batch. ...... 
2. Mixing dry cement 

and sand 

. Turning materials 
into water........ 

. Absorption period 
(initial point) 

. Absorption period 

. Mixing time 

. Slab or auxiliary 
plate dry 

. Filling mold 

. Compacting mortar 

. Troweling 


| 
| 
| 
| 
| 


F. Soundness: 
1. Pats correctly 
steamed 
2. Chest at 98 C. when 
test began........ 


Number of demonstrations 
forming bases for compu- 
tations. (Varies for differ- 41 
ent details) 140- 200] 85 - 114 |128- 25 21-27 |167-182/188- 209) 6-7 |109- 


@ Fourth inspection tour now in progress, 

» Pan and cover not required by specifications until early part of third tour. i 

© Mixing time of “at least one minute” was specified until revision in early part of third tour required 12 minutes. 
4 The length of this interval was not made a part of specifications until early part of third tour. 
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20 40 60 BO 100 0 20 40 60 a 4000 20 40 60 80 700 
Correct Demonstrations Observed During First Four Inspection Tours, per cent 


. 1—Comparison of Conformance with Standard Methods as Observed in the Demon- 
trations Offered by the Various Laboratories During the Four Inspection Tours. 
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prior inspection adhered to specification details more closely than those 
which were inspected for the first time. 

In accordance with instructions received from the Executive Com- 
mittee of Committee C-1 at the February meeting, this subcommittee is 
now considering certain subjects suggested during the past year as meriting 
study by the Reference Laboratory. Among the subjects are the following: 
study of methods for measuring the consistency of plastic mortars; com- 
parative strength tests on samples of cements distributed by the Reference 
Laboratory to interested cooperating laboratories; digest of available 


; information on moist storage and water storage temperature controlled Mai 
; apparatus; study of question of calibration of compression testing machines 

used for plastic mortar tests; study of variables involved in cube mold Rev 

specifications; improvement of tension test machine grips. on 

It is planned to submit to the committee at the June meeting a report on 

transmitting the findings and suggestions of the subcommittee relating eon 

to the above mentioned subjects for study. aat 

Respectfully submitted on behalf of the subcommittee, ther 

G. E. WARREN, “Ce 


Chairman. and 
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REPORT OF COMMITTEE C-3 
ON 
BRICK 


Committee C-3 on Brick has held two meetings during the past year, 
in Atlantic City, N. J., on June 27, 1934, and in Philadelphia, Pa., on 
March 7, 1935. 

Several of the subcommittees have been very active during the year. 
Revisions of the specifications and methods of testing brick for which the 
committee is responsible have been made and other revisions are under 
consideration. At the meeting in Philadelphia on March 7, 1935, a report 
was submitted by Subcommittee XI on Weathering and Porosity (D. E. 
Parsons, chairman). In connection with the work of the subcommittee 
there were also submitted at this meeting papers by D. E. Parsons on 
“Comparison of Natural Weathering with Laboratory Tests of Clay Brick,”’ 
and by J. W. McBurney on “The Relation of Freezing and Thawing Re- 
sistance to Physical Properties of Clay and Shale Building Brick.” Com- 
mittee C-3 accepted the report and the two papers for inclusion in the 
annual report and they are accordingly appended hereto. These papers 
introduce a method for determining the weather resistance and durability 
of clay building brick. 

It has been generally recognized that the present Standard Specifica- 
tions for Building Brick (Made from Clay or Shale) (C 62-30) have 
afforded the consumer very little protection regarding factors of weather- 
ing, and a revision of the specifications has accordingly been prepared by 
Subcommittee VIII on Clay Building Brick (J. A. Pugh, chairman) and is 
being submitted for publication as tentative, as appended hereto.! 

Realizing that the present Standard Methods of Testing Brick (Com- 
pression, Flexure, Absorption) (C 67-31) do not have the sequence of 
tests usually followed in testing brick, and lacking in several other details, 
a revision of these testing procedures has been prepared by Subcommittee V 
on Methods of Testing (F. B. Lysle, chairman) and is proposed for publi- 
cation as tentative, as appended hereto.? 


RECOMMENDATIONS AFFECTING STANDARDS 


The committee recommends for publication as tentative in the forms 
48 appended hereto’ extensive revisions in the following two standards 
under its jurisdiction: 


1See p. 788.—Ep. 
*See p. 791.—Epb. 
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REPORT OF COMMITTEE C-3 


Specifications for Building Brick (Made from Clay or Shale) (C 62 - 30)! 
} Methods of ‘Testing Brick (Compression, Flexure, Absorption) 


The recommendations appearing in this report have been submitted 
to letter ballot of the committee which consists of 37 members; 27 members 
returned their ballots, the results being as follows: 


| 
Items 


Ballot 
Affirm- | Neg- | Marked 
ative ative | “Not 
Voting” 
Proposed TENTATIVE REVISION OF STANDARDS 
Standard Specifications for Building Brick (Made from Clay or Shale) (C 62-30).............. 27 0 0 
Standard Methods of Testing Brick (Compression, Flexure, Absorption) (C 67-31)............. 26 0 1 


have voted affirmatively. 


J. W. WHITTEMORE, my 


Secretary. 


11933 Book of A.S.T.M. Standards, Part II, pp. 109 and 128. 


This report has been submitted to letter ballot of the committee which 
i consists of 37 members; 27 members returned their ballots, all of whom 


Respectfully submitted on behalf of the committee, _ 


H. T. SHELLEY, 
Chairman. 
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REPORT OF SUBCOMMITTEE XI ON WEATHERING AND POROSITY 


The Society’s specifications for building brick (made from clay or 
shale) which were effective between the years 1919 to 1927, contained 
requirements on the water absorption of brick. These requirements were 
omitted when the specifications were revised in 1927. The revised speci- 
fications? afford no effective protection to the purchaser against the accept- 
ance of brick of inferior durability. In the words of Committee C-3,),* 
“It was recognized that the specifications . . . are incomplete due to 
absence of any test for or classification based on resistance to weather- 
ing...” There is need for a simple, rapid, and accurate test, the results 
of which would serve to classify brick according to their probable dura- 
bilities. Much new information on the properties of brick has been devel- 
oped since 1927 and the data now available seem to afford a basis for speci- 
fication requirements relating to durability. In this report Subcommittee 
XI gives a brief review of simple methods for classifying brick with respect 
to durability, and suggests a basis for specification requirements. 


AGENTS OF WEATHERING 


=e 

Most investigators of the weathering of clay brick agree that, of the 
several agents of weathering, frost action and the crystallization of salts 
within the voids are chiefly responsible for the disintegration of clay brick. 
[he investigations of Jones), Schlick and Staley), Orton), Kreugeris), 
Laurie), McIntyre), Bolecs), the British Building Research Board s) and 
others confirm this. Moreover, the observations of these investigators as 
well as those of Howatao), Furlonga) and others indicate that the resist- 
ance of a given product depends largely on the heat treatment during 
manufacture. Manufacturers of brick as well as discriminating users seem 
to agree that if a brick is ‘well burned”’ it is likely to be of satisfactory 
durability. All of these subjects have been discussed by several writers. 
Many of their discussions and data are summarized more fully in the 
review and abstracts of the literature given in the Symposium on Weather- 
ing Characteristics of Masonry Materialsaz,13). 


METHODS OF ESTIMATING DURABILITY 


Jones) discussed the effects of sizes of pores and of the proportion of 
pores filled with water when freezing occurred upon the destructive action 


'See the Standard Specifications for Building Brick (C 21 - 20), 1924 Book of A.S.T.M. Standards, p. 665. 
"See the Standard Specifications for Building Brick (Made from Clay or Shale) (C 62 - 30), 1933 Book 
AS.T.M. Standards, Part II, p. 109. 

*The boldface numbers in parentheses refer to the reports and papers given in the list of references 
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of the expansion of ice. Hirschwald«a) suggested the ratio of the volume 
of pores filled by simple immersion to total volume of accessible pores (his 
“saturation coefficient”) as one convenient measure of the probable resist- 
ance to frost action. Kreuger(s), McBurney and Lovewell«z,15) have shown 
that quantities similar to Hirschwald’s saturation coefficient are significantly 
related to the destructive effects of frost action. The data of McBurney 
and Lovewell«s) afford a means for estimating the relative values of different 
criteria which may be used to predict the resistance of brick to frost action. 
Moreover, these authors suggested several criteria for selecting brick that 
resisted 51 cycles of their weathering test. They showed that the ratio 
48-hr. cold-water absorption to 5-hr. boiling-water absorption gave a better 
indication of frost resistance than any other single measure, but that a 
criterion involving a combination of this ratio with a limit on absorption 
or strength gave a sharper division between brick which resisted and those 
which were disintegrated by the tests. In Appendix I to this report, J. W. 
McBurney presents comparisons between some of the physical properties 
of brick and their resistance to freezing and thawing, while the data given 
by D. E. Parsons in Appendix II afford some comparisons between natural 
weathering and the results of laboratory tests. 

The results of these investigations indicate that brick are apt to be 
highly resistant to severe frost action if the ratio of absorption by 48-hr. 
cold-water immersion to that by 5-hr. boiling water (Cys/B; ratio) is less 
than 0.80, the compressive strength exceeds 2500 lb. per sq. in. and the 
absorption by 5-hr. boiling is less than 20 per cent. It appears that the 
foregoing requirement would be adequate even if the bricks were for use 
where exposed to very severe frost action as in retaining walls, sidewalks 
and hydraulic structures. For more ordinary use, as in the walls of build- 
ings in cold climates, a less rigid requirement may suffice. The subcom- 
mittee suggests that for these exposures the maximum C,4/B; ratio be 
limited to 0.85, and the minimum compressive strength to 2500 lb. per 
sq. in. 

The C/B; ratio is a measure of the degree of saturation obtained 
during the submergence in water. It affords, therefore, a measure of the 
proportion of the pore space, accessible to water, that is filled by simple 
soaking for a standard time, the remainder being available to relieve the 
pressure which tends to develop as the entrained water freezes. Compar- 
isons by McBurneyae) of water absorptions by 24 hr. and 48 hr. simple 
soaking indicate that the C2,/Bs ratio (24-hr. cold-water absorption to the 
absorption by 5-hr. boiling water) could be substituted for the C.s/Bs ratio 
without changing materially the values for bricks having ratios greatet 
than 0.80. Obviously, this would decrease by one day the time required 


for a test. _ 
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The C/B ratio has not been shown to be an effective measure of the 
resistance of brick to the crystallization of salts. However, the values of 
this ratio tend to decrease with an increase in the heat treatment, and 
several investigators including Palmera7) and Hirschas) have noted the 
same tendency with respect to the soluble salt content of brick. Presum- 
ably, the increase in strength resulting from higher firing temperatures 
improves the resistance to stresses caused by crystallization. And the 
British Building Research Boards) has found a similar ratio to give a 
measure of “microporosity” of Portland stone and also an indication of 
resistance of this material to salt crystallization. These considerations 
together with comparison between crystallization tests and freezing tests«,9) 


indicate that the C/B ratio may be significantly related to resistance of 
brick to both agents of weathering. 
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Respectfully submitted on behalf of the subcommittee, 
D. E. Parsons, 
Chairman. 
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APPENDIX I 


THE RELATION OF FREEZING-AND-THAWING RESISTANCE TO 
per PHYSICAL PROPERTIES OF CLAY AND SHALE BUILDING BRICK! 


By J. W. McBurney? 


| In a previously published paper*® the following statement was made, which was 
wes based upon limited data: “. . . it is evident that strength and water absorption 
st., provide no measure whatsoever for judging the relative resistance to freezing and 
thawing of these two salmon grades. The only clue to their behavior is provided 
by their ratios of 48-hr. cold-water absorption to 5-hr. boiling-water absorption.” 
In another paper data were presented resulting from 51 cycles of freezing and thaw- 
ing on approximately 480 brick specimens and the following conclusions were stated: 
“The combination, not less than 2500 lb. per sq. in. compressive strength with an 
absorption ratio of not more than 0.80, or a compressive strength of not less than 
6000 Ib. per sq. in. with an absorption ratio of not more than 0.85, insures the with- 
standing of 51 cycles of freezing and thawing. 

“Likewise the combination, not more than 18 per cent water absorption by 5 hr. 

ling water with an absorption ratio of not more than 0.80, or a water absorption 
fnot more than 12 per cent by 5 hr. boiling with an absorption ratio not exceeding 
).85, insures the withstanding of 51 cycles of freezing and thawing.” 

The ratio 48-hr. cold-water absorption to 5-hr. boiling-water absorption is repre- 
ented hereafter in this paper by the symbol C,s/Bs. 

The present paper further analyzes the data obtained at the National Bureau of 
standards in the survey of the properties of clay and shale building brick and provides 
a comparison of test results at 12 cycles, 24 cycles, 51 cycles and 75 cycles of freezing 
and thawing. 


SELECTION OF TEST SPECIMENS 


Reference is made to the 1933 paper® for an account of the survey which provided 
the samples from which the specimens here considered were selected. It should be 
mphasized that the specimens for the freezing-and-thawing tests were not selected 
trandom from the 3886 bricks received and did not represent a cross-section or fair 

mple of the survey. With but few exceptions all of the specimens for the freez- 
ng-and-thawing tests were selected because they were of doubtful weather resistance. 
he number of bricks subjected to these tests were as follows: 378 bricks were frozen 
nd thawed 75 times, 480 at least 51 times, 625 at least 24 times and 680 at least 12 
imes, 


Publication approved by the Director of the National Bureau of Standards of the U. S. Department of 
mmerce, 
* Washington Representative of the American Standards Association at the National Bureau of Standards, 
shington, D.C. 
J. W. McBurney, “The Weathering of Structural Clay Products: A Review,” Proceedings, Am. Soc. 
‘esting Mats., Vol. 31, Part II, p. 745 (1931). 
‘J. W. McBurney and C. E. Lovewell, “Strength, Water Absorption and Weather Resistance of Building 
rick Produced in the United States,” Proceedings, Am. Soc. Testing Mats., Vol. 33, Part II, p. 636 (1933). 
Loc. cit. 
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Dried half bricks were totally immersed in water for 48 hr., then frozen 20 hr. 
partially immersed in water. They were then thawed in water at room temperature 
for 4 hr. After each third freezing they were oven dried at 100 C. and weighed, 
Then the same procedure of soaking, freezing and thawing was repeated. A more 
detailed description of this method of test is given on page 750 of the 1931 paper. 


PRESENTATION OF DATA 
Figure 1 was constructed in the following manner: For each specimen tested 
a card had been prepared giving the results of strength and water-absorption 
measurements as well as the number of freezing-and-thawing cycles survived. If no 
failure resulted from freezing and thawing, the number of cycles used was stated. 
These cards were first sorted with respect to number of cycles. For example, all 
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Absorption Ratio, 48 hr. cold to Shr: boiling water 


Fic. 1.—Effect of Absorption Ratio on Resistance to Freezing and Thawing of Bricks. 
All bricks considered. 


cards reporting successful resistance to 75 or more cycles were placed in one group 
and all cards reporting failure on or before 75 cycles in another. All cards in each 
group showing C,s/B, ratios of less than 0.40 were removed and counted. Of the 
sample records so selected, all were in the group which had successfully withstood 
75 or more cycles of freezing and thawing. In Fig. 1 this was indicated as 10 
per cent of specimens found satisfactory of those with C,s/Bs ratio less than 0.4. 
Corresponding percentages were calculated after adding the specimen records for 
samples with Cys/Bs ratios from 0.40 to 0.50 and thereafter by 0.10 increases up to 4 
ratio of 1.00. Similar sortings and calculations were made for 12, 24, and 51 cycles 
of freezings and thawings. This completed Fig. 1. 

Figure 2 was constructed by first removing all sample records showing bricks 
with flat compressive strength of less than 2500 Ib. per sq. in., then sorting and making 
calculations as for Fig.1. Figure 3 correspondingly was prepared from data with 
all sample records showing 5-hr. boiling-water absorptions more than 20 per cent 
elimjnated. Figure 4 combines the eliminations of Figs. 2 and 3. 


1 Loe. cit. 
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DIscussION 


If a sufficiently high requirement for flat compressive strength is set, satisfactory 
resistance to the disintegrating effect of 75 cycles of freezing and thawing can be assured 
with a degree of probability approaching certainty. Likewise, a sufficiently low limit 
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Absorption Ratio, 48 hr: cold to § hr boiling water 


Pic. 2.—Effect of Absorption Ratio on Resistance to Freezing and Thawing of Bricks 
Whose Strength Is Not Less Than 2500 Ib. per sq. in. 
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Absorption Ratio, 48 hr: cold to § hr: boiling water 


ic. 3.—Effect. of Absorption Ratio on Resistance to Freezing and Thawing of Bricks 
Whose 5-hr. Boiling-Water Absorption Is Not More Than 20 per cent. 

lor water absorption measured by the 5-hr. boiling-water test will give equal assurance. 

Prom data available the requirements of a compressive strength not less than 12,000 

Ib. per sq. in. or a water-absorption by 5 hr. boiling of not more than 12 per cent 
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provide practical elimination of the possibility of failure to withstand 75 cycles of 
freezing and thawing. These two limits, individually or in combination, are entirely 
impractical for specification purposes since they eliminate more than half of the build. 
ing bricks produced in the United States. Reference is made to Table III of the 
1933 paper.! 

From Fig. 1 it appears that the value for the Cys/B; ratio must not exceed 0.50 
if certain elimination of unsatisfactory brick is desired. This, again, is impractical 
on account of excessive elimination of brick known to be satisfactory in service. 
Figures 2 and 3 illustrate the improvement resulting from combining water absorption 
or strength with the C,s/B; ratio as a measure of freezing and thawing action. Refer- 
ence is made to Tables VII and VIII of the 1933 paper,' for a tabular presentation 
of the data for 51 cycles used in Figs. 2 and 3. 
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Fic. 4.—Effect of Absorption Ratio on Resistance to Freezing and Thawing of Brick 
Whose Strength Is Not Less Than 2500 Ib. per sq. in. and Whose 5-hr. Boiling-Water 
Absorption Is Not More Than 20 per cent. 


The ultimate goal of a classification which will accept all satisfactory bricks at 
reject all unsatisfactory ones is most nearly approached by the method illustrated in 
Fig. 4. The combination of a flat compressive strength not less than 2500 Ib. per 
sq. in. and a water absorption by 5-hr. boiling of not more than 20 per cent together 
with a C,s/Bs ratio of not more than 0.80 effectively eliminates all samples failing 
from 75 cycles of freezing and thawing. 

Obviously, a series of relations could be set up between strength-absorption limit 
and ratios, the extreme combinations being 12,000 lb. per sq. in. strength, 12 per cent 
water absorption and a C,s/B; ratio of 1.00 for one limit as against no minimum 
strength requirement, no maximum absorption limit and a ratio of 0.50 for the other 
limit. The combination given in the preceding paragraph rejects the fewest specimen 
not rejected by 75 cycles of freezing and thawing. 

If an intermediate degree of resistance is sought, raising the limit of the Cu/Bs 
ratio to 0.85 would accomplish the purpose. If Figs. 1 to 4 had been plotted to 0.05 
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ratio differences instead of 0.10 as was done, the interpolated points would in general 
have fallen on or near the lines connecting the points shown. 

Twenty-four hours would be saved in testing if there be substituted for the 
ratio 48-hr. cold-water absorption to 5-hr. boiling-water absorption, the ratio 24-hr. 
cold-water absorption to 5-hr. boiling-water absorption. The data obtained by the 
author in 1929! show that the two ratios usually do not differ by more than 0.03 
when the latter exceeds 0.80. 

Comparison of numbers of samples failing with number of freezing-and-thawing 
cycles used indicates that the number of failures is proportional to the number of 
cycles. This may be of little significance beyond indicating that the distribution of 
resistant and non-resistant specimens in the samples was of such a nature as to produce 
this result. 


CONCLUSIONS 


From the data here considered the following conclusions seem justified: === 


1. Neither strength, water absorption nor ratio of 48-hr. cold-water absorption 
to 5-hr. boiling-water absorption (C,s/Bs), considered separately, provide a practical 
means of predicting the resistance of clay or shale building brick to cycles of freezing 
and thawing. 

2. Strength or water absorption in combination with the ratio 48-hr. cold-water 
sbsorption to 5-hr. boiling-water absorption (C,,/B;) provides a very much better 
eparation of brick into resistant and nonresistant with respect to freezing-and- 
thawing cycles. 

3. Three measures together, strength, water absorption and water-absorption 
ratio provide the most accurate prediction of freezing-and-thawing resistance found 

late. 

4. To insure the withstanding of 75 cycles of freezing and thawing the require- 
ments of a flat compressive strength of not less than 2500 lb. per sq. in., a water 
absorption by 5-hr. boiling of not more than 20 per cent, and a ratio 48-hr. cold-water 
ibsorption to 5-hr. boiling-water absorption (C,s/B;) of not more than 0.80 are 
recommended. 


1J. W. McBurney, “The Water Absorption and Penetrability of Brick,’’ Proceedings, Am. Soc. Testing 
lats., Vol. 29, Part II, p. 714 (1929). 
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APPENDIX II 


COMPARISON OF NATURAL WEATHERING WITH LABORATORY 
TESTS OF CLAY BRICK? 


_ By D. E. Parsons? 

Direct comparisons of the effects of the weathering of brick with the results of 
laboratory freezing-and-thawing tests are made so seldom that the following com- 
parisons may be useful. 

Bricks showing signs of weathering were taken from the walls (above grade) of 
six buildings located in New England. Two bricks which at that time had been 
exposed for periods ranging from 6 to 17 yr., were obtained from each building. 

As all of the bricks had been stretchers in the exposed faces of the walls, one 
face of each brick had been weathered while the opposite face had the appearance of 
a new brick. The exposed faces of some of the bricks were only slightly eroded; of 
others, deeply pitted and of the rest, spalled. 

Each brick was broken transversely to obtain a value for modulus of rupture; 
one of the halves was then subjected to freezing and thawing and the other was re- 
served. Surfaces of the specimens under test which had not been exposed to natural 
weathering were compared with the weathered surface of the reserved half brick. 
This provided a means for judging whether the laboratory freezing and thawing 
produced, on the same brick, a weathered appearance similar to that caused by the 
natural agents of weathering and, if so, how many freezings and thawings were re- 
quired to produce the same appearance as the actual exposure. 

In addition to the 12 bricks taken from the walls of buildings, 14 other bricks, 
either 2 or 3 each from six different sources, were subjected to the same laboratory 
tests. 


Each brick was dried and tested for modulus of rupture. ay he rough edges and 
surfaces of one of the half-bricks were then ground to remove the weathered material 
and other portions which might readily become loosened during handling. In turn, 
it was then weighed, submerged in water at room temperature for 48 hr., frozen in 
air at a temperature of about 20 F. (-7 C.) for about 17 hr. and thawed by submerging 
in water at room temperature for about 7 hr. The alternating exposures to freezing 
in air and thawing in water were continued for 10 cycles, when the specimens were 
dried for 20 to 24 hr. in a ventilated oven at 230 F. (110 C.) and weighed. This 
procedure of soaking for 48 hr. followed by 10 cycles of freezing and thawing and then 
a redrying was repeated until either the specimen was disintegrated or had withstood 
180 cycles of freezing and thawing and 18 cycles of wetting and drying. The lab- 
oratory weathering test was, therefore, a combination of exposures to changes in 
temperature, wetting and drying and frost action. Effects of the weathering test 
were determined by two methods: 


1 Publication approved by the Director of the National Bureau of Standards of the U. S. Department 
of Commerce. 
* Chief, Masonry Construction Section, National Bureau of Standards, Washington, D. C. 
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SONS ON WEATHERING OF BRICK 


‘.—CoMPARISON OF LABORATORY WEATHERING WITH NATURAL 
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Duration of 
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Number of 
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TABLE II.—RESULTS OF PHYSICAL TESTS AND OF LABORATORY WEATHERING TESTs. 


— Absorption in Terms of 
ner Dry Weight, per cent 
ressive Coeffi- 
Specific |Porosity,| Cold cient | Cu/Bs 
Bee Gravity] per cent Immersion By | of Water| Ratio¢ 
Boiling | Satura- 
per _ | 48hr. | Shr. | tion¢ 
15 min. Ca Bs 
Bricks Taken From WALLs or 
4410 2.72 27.2 4.3 7.3 12.1 0.52 0.59 0.5 0.7 
» 2.. 3790 ® 2.73 31.1 9.8 10.9 16.2 0.66 0.67 0.5 0.9 
No. 3.. 3150 3. 2.72 43.4 20.1 21.5 22.8 0.76 0.94 2.8 7.6 
No. 4.. 2640 1. 2.73 39.5 13.0 18.1 19.0 0.76 0.95 5.1 failed 
No. 5.. 3930 1. 2.69 42.0 19.0 20.9 24.1 0.78 0.87 failed failed 
‘0. 6.. 4380 1. 2.70 41.5 19.2 20.7 23.2 0.79 0.89 6.4 6.8 
Ne, 7.. 2470 1. 2.73 43.2 20.8 21.9 23.5 0.79 0.93 0.8 1.5 
No. 8.. 3010 Bs 2.73 41.4 19.0 20.4 21.8 0.79 0.94 2.1 2.8 
No. 9.. 1980 1. 2.72 32.3 12.0 13.0 18.2 0.74 0.71 0.5 1.2 
No. 10.. 2970 1. 2.74 36.4 15.4 16.2 19.0 0.78 0.85 1.0 1.5 
No. 11,. 3640 2. 2.75 38.2 15.6 17.3 19.2 0.77 0.90 1.0 1.6 
No, 12... 3160 Bi 2.75 40.3 18.0 20.0 21.1 0.81 0.95 1.4 2.2 
New Bricks 
5690 2.01 2.71 25.8 5.3 7.5 12.0 0.58 0.63 0.2 0.4 
11580 2.00 2.69 25.6 5.3 7.4 10.6 0.58 0.70 0.0 0.1 
14000 2.22 2.67 16.8 0.8 3.0 5.4 0.40 0.56 0.2 0.3 
14840 2.20 2.66 17.2 0.7 3.2 6.3 0.41 0.51 0.0 0.0 
8930 1.89 2.68 29.5 8.7 9.8 13.0 0.63 0.75 0.3 0.4 
9510 1.85 2.70 31.4 10.6 11.8 14.0 0.70 0.84 0.1 0.2 
3510 1.64 2.75 40.3 16.8 19.7 23.0 0.80 0.86 0.5 0.8 
4470 1.63 2.76 40.9 17.7 19.7 21.7 0.79 0.91 0.8 0.9 
2580 1.59 2.77 42.6 19.7 22.3 25.0 0.83 0.89 ey 2.3 
3310 1.90 2.79 31.9 4.1 9.6 14.9 0.57 0.64 0.5 0.6 
3010 1.91 2.79 31.5 6.0 10.8 16.2 0.66 0.67 0.7 1.2 
3970 1.74 2.80 37.8 13.0 18.6 22,7 0.86 0.82 0.8 1.5 
2750 1.70 2.81 39.5 7.0 11.1 16.2 0.48 0.69 0.3 0.6 
2550 1.70 2.82 39.7 11.4 16.0 20.7 0.69 0.77 0.7 1.2 
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* For 20/20 C. Determinations made on powdered material passing No. 100 sieve. 
; Ratio of volume of water absorbed during 48-br 
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(1) loss of weight after each 10 cycles of freezing and thawing and 1 cycle of 
drying, and 

(2) visual inspection and rating according to the arbitrary scale noted in Table III. 

The visual comparisons of the unweathered faces of the halves undergoing freez- 
ing-and-thawing tests with the weathered faces of the reserved halves were made 
after each successive 10 cycles of freezing and thawing. The specimens always were 
dry when the comparisons were made. 


TABLE III.—VisuAL RATINGS OF SPECIMENS. 


-Note.—A = No apparent effect. 
__-*-B = Slightly worn or eroded appearance, 
_C = Surface pitted or spalled (shallow). 
D = Disintegration, cracks or spalls causing structural weakness. a 
_E = Useless as a structural unit. 


Visual Ratings of Specimens 


Brick | Previously Unexposed Face After 
: Freezing and thawing Exposed Fac 
= (as received) 


100 cycles 180 cycles 

B B B 

B B B 

E D 

E E D 

E { B 

D C 

B 
B 
B 
iB Cc B 
B 

Cc B 

A 

A 

A 

A 

A B 

A B 

B 

B B 

B B 

B B 

B B 

A B 

B B 


The other halves of the bricks (not subjected to the weathering test) were test 
for absorption, bulk specific gravity, compressive strength and specific gravity. 
The results of these tests are given in Table II. ; 7 


RESULTS AND DISCUSSION 


Comparison of Effects of Weathering with Laboratory Weathering Test: 

With one exception (brick No. 5), it was found that the exposures to the lab- 
oratory weathering test caused the unweathered surface (not exposed to natural 
weathering) of each of the halves undergoing the tests to exhibit an appearance which 
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sf was similar to that of the weathered face of the reserved half. The approximate 

number of cycles of the laboratory tests required to cause these two surfaces to appear 

L. alike are given in Table I. Brick No. 5 cracked during the first 10 cycles of freezing 

1 and thawing, the cracks radiating from and evidently caused by a pebble inclusion. 

le For the comparisons shown in Table I, these cracks were disregarded and the data 
re were based upon visual comparisons of surfaces. 


The data of Table I indicate a rough relation between the effects of weathering 
and of the laboratory weathering test. They show that, for the conditions of tests, 
about 3 of the laboratory cycles of freezing and thawing caused, on the average, an 
effect which appeared to be similar to that of one year of the natural weathering. 


Relations Between Physical Properties of Bricks and Results of Laboratory Weathering 
Tests: 

~ The data of Tables II and III show that no one of the properties, compressive 
strength, modulus of rupture, specific gravity, porosity or absorption by immersion 
in cold water or in boiling water were accurate measures of the performance of the 
bricks in the weathering tests. The coefficient of water saturation! was a somewhat 
better measure, but the values of the Cys/Bs; ratio' were more closely related to the 

results of the weathering tests than any other single property compared.? 
The results may be expressed in different ways. For example, of the 26 bricks, 
12 had a Cys/B; ratio less than 0.8, none of which lost more than 1.2 per cent during 
180 freezings and thawings. Moreover, all but three of the 14 bricks having a Cu/B; 
tatio greater than 0.8 lost more than 1.4 per cent; the three exceptions had compres- 

ive strengths greater than 3500 lb. per sq. in. 

The three bricks which showed marked effects of weathering when taken from 


the walls had Cys/B; ratios of 0.89 or more. ite oe 
CoMMENTS 


Data are not available to indicate to what extent (if any) the exposure to natural 
athering affected the strength, the absorption and the behavior in the laboratory 
weathering tests. It is, perhaps, superfluous to remark that some of the specimens 
were selected because of their poor durability and that those specimens were not 
fepresentative of commercial bricks. 


1 Defined in Table II. 
? This is in agreement with the findings of J. W. McBurney, C. E. Lovewell, “Strength, Water Absorp- 
and Weather Resistance of Building Bricks Produced in the United States,” Proceedings, Am. Soc. Testing 
ts., Vol. 33, Part II, p. 636 (1933). See also: J. W. McBurney, “The Weathering of Structural Clay 
ducts: A Review,” and D. E. Parsons, “Bibliography on the Weathering of Structural Clay Products,”’ 
he Symposium on Weathering Characteristics of Masonry Materials, Proceedings, Am. Soc.Testing Mats., 
-31, Part II, pp. 745 and 825, respectively (1931). 
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REPORT OF COMMITTEE 


ON 
AY PPE 


Committee C-4 on Clay Pipe held one meeting during the past year, 
on March 5, 1935, at Philadelphia, Pa., at the time of the Spring group 
meetings of A.S.T.M. committees. 

Since this is the first formal report to the Society presented by Com- 
mittee C-4 since 1932, the committee wishes to record that the Standard 
Specifications for Clay Sewer Pipe (C 13 — 24) were withdrawn at the 1933 
annual meeting.' Also, the committee presented to the Society in 1933 
through Committee E-10 on Standards certain revisions of the Tentative 
Specifications for Clay Sewer Pipe (C 13-32 T) which were accepted for 
publication by Committee E-10 at a meeting held on August 16, 1933, 
The specifications were published in their revised form in the 1933 
Proceedings® 

At the March meeting the committee reviewed in detail the existing 
Tentative Specifications for Clay Sewer Pipe (C 13 — 33 T),? in preparation 
for proposing to the Society their adoption as standard. As the result of 
this study the committee proposes the following minor revisions in these 
specifications and recommends that the specifications as revised be sub- 
mitted to the Society for adoption as standard: 


Section 6.—Change to read as follows by the addition of the italicized 
words and the omission of those in brackets: 

5. When [tested] testing with either hydrochloric, nitric, sulfuric, or acetic acid, 
as specified by the purchaser, the acid having a normality of one (1.0 N), the percentage 
of acid-soluble matter shall not exceed 0.25 per cent, calculated as sulfates. The 
purpose of this test is to determine the resistance of pipe to the action of acids and its 
use is optional. 


Section 11 (a).—Change to read as follows by the omission of the word 
in brackets: 


11. (a) The specimens shall first be freed from all visible moisture. When dry, 
each specimen shall be [weighed,] measured and inspected. ‘The results of these 
observations shall be recorded. 


1 Proceedings, Am. Soc. Testing Mats., Vol. 33, Part I, p. 15 (1933). P 
2In submitting these revised tentative specifications to Committee E-10 on Standards, Committee C-4 
I results of the letter ballot vote as follows: Of a total membership of 17, 14 ballots were returned, of 
which 11 to 14 were affirmative, 0 to 2 negative, and 0 to 2 marked “not voting.” The range in votes was due 
to the recording of votes separately on each of the revisions recommended. : 
3 Proceedings, Am. Soc. Testing Mats., Vol. 33, Part I, p. 691; also 1934 Book of Tentative Standards, 
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On Cray PIPE 

S ection 14. —Change the fifth sentence to read as follows by the addition 

of the italicized words: 

Before the pipe is placed, a fillet of plaster of Paris or other equalizing material, 


such as sand and sulfur, thick enough to compensate for the inequalities of the pipe 
barrel shall be cast on and between the two lower bearings. 


Section 20 (b).—Change to read as follows by the addition of the 
italicized words and the omission of those in brackets: 


(b) However, in case of failure of pipe to meet the requirements under the specified 
method, [especially where] and the accuracy of the testing machine is questioned, a 
retest at the request of the manufacturer shall be made upon a machine whose accuracy 
is known or [that] the machine originally used shall be recalibrated before the retest 
is made. 


Section 22.—Change the last sentence of this section from its present 
form: namely, 
Pipes intended to be straight shall not have variation in alignment of more than 


tin. per foot of length, this measurement to mean the maximum ordinate as measured 
from the concave side of the pipe. 


to read as follows: 
Pipes intended to be straight shall have a maximum ordinate as measured from 
the concave side of the pipe of not to exceed } in. per foot of length. 


Table II.—Change the last column of the table under the heading 
“Thickness of Socket (T,)” to read as follows by the addition of the 
italicized dimensior. and the omission of the dimension in brackets: 


The thickness of the socket [} in.] ; in. from its outer end shall be not less than 
three-fourths of the thickness of the barrel of the pipe. 


There exists a typographical error in the third column of Table II; for 
size 18 in. the diameter should be 22} in. instead of 22} in.; for size 21 in. 
the diameter should be 253 in. instead of 253 in. It is recommended that 
these corrections be made. 

The committee has also given much study to the Standard Definitions 
of Terms Relating to Sewer Pipe (C 8 - 24)! and has prepared a complete 
revision of the numerous terms referring to clay sewer pipe and pipe mate- 
tials. These revisions have been incorporated in the proposed Tentative 
Definitions of Terms Relating to Clay Sewer Pipe appended hereto,? which 
the committee recommends for publication as a tentative revision of 
the Standard Definitions C 8. 


The above recommendations have been submitted to letter ballot of 
the committee, which consists of 17 members; 16 members returned their 
tallots, the results being as follows: ee 
es Standards, Part II, p. 218. 

p. 829.—Ep, 
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I. Apoption or TeNTATIVE STANDARD AS STANDARD 
Tentative Specifications for Clay Sewer Pipe (C 13 - 33 T), as revised 


II. Proposep Revision or STanDARD 
Standard Definitions of Terms Relating to Sewer Pipe (C 8 - 24) 


This report has been submitted to letter ballot of the committee which 
consists of 17 members; 17 members returned their ballots, of whom 16 
have voted affirmatively and 1 negatively. 


Respectfully submitted on behalf of the committee, 


G. T. HAmmonpn, 
C. D. LENTH, 

Secretary. 
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REPORT OF COMMITTEE 


ON 
= REFRACTORIES 
- Committee C-8 on Refractories held two meetings during the year; 


in Pittsburgh, Pa., on September 19, 1934, and in Buffalo, N. Y., on Feb- 
ruary 19, 1935, the latter in conjunction with the annual meeting of the 
American Ceramic Society. 

At the Buffalo meeting, copies of the volume of A.S.T.M. Standards 
on Refractory Materials issued by the Society in February, 1935, were 
t. made available to the members of the committee. 

Committee C-8 has continued its very active work during the year 
and it is gratifying to observe the widespread use that is now being made 
of the A.S.T.M. tests and specifications pertaining to refractories. 

Subsequent to the 1934 annual meeting, the committee presented 
through Committee E-10 on Standards the following recommendations 
aflecting its standards. ‘The new tentative standards and revisions were 
accepted for publication as tentative! by Committee E-10 on December 
27,1934, and appear in the volume of A.S.T.M. Standards on Refractory 
Materials. 

Tentative Specifications for Clay Fire Brick for Malleable Furnaces 
vith Removable Bungs and for Annealing Ovens (C 63 — 34 T).—So numerous 
were the revisions that were necessary to bring the Standard Specifications 
lor Malleable Furnace Brick (C 63-28) up to date that it was deemed 
idvisable by the committee to withdraw the standard and submit new 
tentative specifications for publication. 

Tentative Specifications for Clay Fire Brick for Stationary Boiler Service 

a (64-34 T).—It was also desired to bring up to date the Standard Speci- 
ications for Boiler Furnace Brick (C 64 — 28) and the committee accordingly 
recommended that the standard specifications be withdrawn and replaced 

; y new tentative specifications. 


‘In submitting these recommendations to Committee E-10 on Standards, Committee C-8 reported the 

wing results of the letter ballot vote of a total of 33 ballots returned from a committee membership of 34: 

, B tative Specifications for Clay Fire Brick for Malleable Furnaces with Removable Bungs and for Annealing 
ye ens (C 63 — 34 T), 25 affirmative, none negative and 8 ballots marked “‘not voting”; withdrawal of Standard 
; fications C 63 — 28, 29 affirmative, none negative and 4 ballots marked “‘not voting”; Tentative Specifi- 
tons for Clay Fire Brick for Stationary Boiler Service (C 64 - 34 T), 26 affirmative, 1 negative and 6 ballots 
ark not voting"; withdrawal of Standard Specifications C 64 — 28, 30 affirmative, none negative and 3 
dots marked ‘‘not voting”; Tentative Method of Test for Permanent Linear Change After Reheating of 
actory Brick (C 113 — 34 T), 32 affirmative, none negative and 1 ballot marked “‘not voting"’;: entative 
sion of Standard Method of Test for Refractory Materials Under Load at High Temperatures (C 16-20), 
ative, | negative and 1 ballot marked “not voting”; revision of Standard Method of Test for Softening 

t of Fire-Clay Brick (C 24 - 33), 28 affirmative, 3 negative and 2 ballots marked “not voting”; revision 
éntative Specifications for Refractories for the Construction of Incinerators (C 106 - 34 T) and of Tenta- 
Method of Test for Particle Size of Ground Refractory Materials (C 92-34 T), 31 affirmative, none 


tive and 2 ballots marked ‘“‘not voting.” 
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Tentative Method of Test for Permanent Linear Change After Reheating 
of Refractory Brick (C 118-384 T).—Since many specifications for fire 
brick contain a reheat test for which there has been no standard procedure, 
the committee deemed it advisable to recommend for publication as tenta- 
tive a method of test for determining this property of refractories. 

Tentative Revision of Standard Method of Test for Refractory Materials 
Under Load at High Temperatures (C 16 —20).—There is a new type of 
fire brick being made that is known as super duty fire-clay brick. Since 
the regular standard load test is not severe enough to bring about very 
much deformation in this type of brick, the committee recommended that 
the new heating schedule be accepted as a tentative revision of the Stand- 
ard Method C 16. 

Tentative Revision of Standard Method of Test for Softening Point of 
Fire-Clay Brick (C 24 -—33).—Although Pyrometric Cone No. 32} has not 
been calibrated by the National Bureau of Standards it is needed in test- 
ing refractories and the committee accordingly recommended that this 
cone and its approximate end point be included in the cone table, published 
as a tentative revision of the Standard Method C 24. 

Revision of Tentative Specifications for Refractories for the Construction 
of Incinerators (C 106 — 34 T).—In view of the fact that the standard size 
tolerances were inadvertently omitted from these specifications when they 
were presented for acceptance as tentative in the 1934 annual report, the 
committee recommended that a section on size tolerances be added to the 
specifications. 

Revision of Tentative Method of Test for Particle Size of Ground Re- 
fractory Materials (C 92-34 T).—The Society has adopted Standard 
Specifications for Sieves for Testing Purposes (E 11-26) and since the 
Tyler standard sieve series is within the tolerances of these specifications 
and is a standard of the American Refractories Institute and widely used 
in the refractories industry, the committee recommended that both the 
A.S.T.M. series and the Tyler series be included in the Tentative Method 
C 92. Reporting of the sieve analyses was changed requiring the calcu- 
lation to be reported to the nearest 0.5 per cent in place of 0.1 per cent. 


wl 


RECOMMENDATIONS AFFECTING STANDARDS 


| 
| 
j 


New recommendations of the committee regarding standards and 
tentative standards under its jurisdiction are summarized below, together 
with the analysis of the letter ballot on eachitem. = = 


I. Proposed Tentative Standard: 

Proposed Tentative Definitions of Terms Relating to Refractories.—The 
committee recommends that the definitions of the terms, “insulating fire 
brick,” “insulating brick,” “calcining,” “burning (firing),” “hard bumed, 
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medium burned, light burned,” and “grog fire-clay mortar,” as appended 
hereto, be accepted for publication as tentative to be subsequently in- 
corporated when adopted as standard in the Standard Definitions of Terms 
Relating to Refractories (C 71 — 31). 


II. Proposed Revision of Standard: 


Standard Definitions for Clay Refractories (C 27-28)2—The com- 
mittee recommends that the following definition be accepted for publica- 
tion as a tentative revision to be subsequently incorporated when adopted 
as standard in the Standard Definitions C 27: 
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Super Duty Fire-Clay Brick—The Pyrometric Cone Equivalent of super duty 
fireclay brick shall not be lower than that of Standard Pyrometric Cone No. 33, 
when tested on the fired product. The alumina content shall be not less than 40 
percent. In the panel spalling test, these brick shall not lose more than 1.0 per cent. 
In the test for permanent linear change after reheating, schedule C, the brick shall 


not show more than 0.5 per cent shrinkage. 
III. Adoption of Tentative Standards as Standard: OS 
Tentative Definitions of Terms Relating to Refractories (C 71 — 34 T)3— 
No objections having been received during the past year to the tentative 
definitions of the terms, “‘silica fire clay,” “ground fire clay” and “high- 
temperature bonding mortar,” the committee recommends that these 
definitions be submitted to letter ballot of the Society for adoption as 
standard and added to the present Standard Definitions C 71-31. 
Tentative Method of Chemical Analysis of Magnesite Refractories (C 18 - 


3, T).—The committee recommends that this tentative method be sub- 
mitted to letter ballot of the Society for adoption as standard. == 


IV. Adoption of Tentative Revisions of Standards as Standard: 


Standard Method of Test for Softening Point of Fire-Clay Brick (C 24- 
33).—As no objections have been received during the year to the several 
revisions*® of this standard, the committee recommends that these revisions, 
which cover Sections 1, 3, 5, 6 and the title of the specifications, as pre- 
ented in the reports of the committee for 1931, 1932 and 1933, be adopted 
4s standard. 

Standard Definitions for Clay Refractories (C 27 — 28).7—No objections 
have been received during the year to the tentative revision® of these 

lefinitions, as presented in the 1933 report of the committee, which pro- 
poses that the term “softening point” be changed to ‘‘Pyrometric Cone 


—Ep. 
: tite Book of A.S.T.M. Standards, Part II, p 
ete Am. Soc. Testing Mats., Vol. 34. .— I, p. 806 (1934); also 1934 Book of A.S.T.M. Tenta- 


Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 784 (1934); also 1934 Book of A.S.T.M. Tenta- 


* Standards, p. 375. 
1933 of A.S.T.M. Part II, p. 184. 
oceedings, —_ Soc. Testing Mats., Vol. 34, Part I, p. 1263 (1934); also 1934 Book of A.S.T.M. Tenta- 


Standards, p. 
, 933 Book ot AS. T.M. Standards, Part II, p. 18 


ings, _ =e. Testing Mats., Vol. 34, * I, p. 1264 (1934); also 1934 Book of A.S.T.M. Tenta- 
ire Pp. 
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Equivalent.” The committee, therefore, recommends that this revision 
be adopted. 


The recommendations appearing in this report have been submitted 
to letter ballot of the committee, which consists of 36 members; 34 mem- 
bers returned their ballots, the results being as follows: 


262 REporT OF COMMITTEE C-8 


Ballots 
Items Affirm- | Neg- | Marke 
ative ative | “Not 
Yoting” 
I, Proposep Tentative STANDARD 
Definitions of Terms Relating to Refractories (C 71 - 35 T): 
Insulating Fire Brick? 27 7 0 
Insulating Brick® ............. 28 6 0 
Hard Burned, Medium Burned, Light Burned* 29 4 1 
Grog F ire-Clay Mortar 32 0 2 
II. Proposep Revision or STanDARD 
Standard Definitions for Clay Refractories (C 27 - 28): 
III. Apoprion or Tentative StanDARDS AS STANDARD 
Definitions of Terms Relating to Refractories (C 71-34 T).......... 30 2 2 
Method of Chemical Analysis of Magnesite Refractories 28 0 6 
IV. Apoption or Tentative Revisions or STANDARDS AS STANDARD 
Method of Test for Softening Point of Fire-Clay Brick (C 24 - 33)..................00...0005. 29 1 4 
@ The classified vote on the various definitions was as follows: 
Insulating Fire Insulating - Hard, Medium Super Duty Fire- 
Brick Brick “and Soft Burned Clay Brick 
Affirm- Neg- Affirm- Neg- Affirm. Neg- Affirm- Neg- 
ative ative ative ative ative ative ative ative 
7 1 7 1 7 1 4 1 
14 2 15 1 14 1 13 2 
6 q 6 4 8 2 6 2 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Tests and Specifications (M. E. Holmes, chairman): 

This subcommittee has proposed new and revised tentative specifica- 
tions for malleable iron furnace brick, stationary boiler furnace brick, and 
size tolerances for incinerator brick. It also proposed a tentative test for 
determining the permanent linear change after reheating refractory brick. 

A study has been made by this subcommittee of the desirability of 
establishing a new series of Standard Pyrometric Cones with uniform 
temperature intervals and the question is now being given further considera- 
tion by the Standard Pyrometric Cone Co. The activities of the various 
sections of Subcommittee I are as follows: 


Section on Abrasion (J. M. McKinley, chairman).—Two series of tests 
have been conducted on the abrasion of refractories and a proposed method 
of test has been laid out, but it has not advanced to the stage where it 
can be submitted to the Society for publication as tentative. 
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Section on Analysis (L. J. Trostel, chairman).—Following the sug- 
gestion of Committee E-1 on Methods of Testing, this section is making a 
critical examination of all the analytical methods under the jurisdiction 
of Committee C-8 in order to bring them up to date. It is also proposed 
to use a Separate title for the method of analysis of each class of refractories. 
Section on Load (C. M. Dodd, chairman).—This section prepared the 
heating schedule for testing super duty fire-clay brick issued as a tentative 
revision of the Standard Method C 16 as mentioned earlier in this report. 


A great deal of work was also done on the development of a new type load 
test furnace where the load is applied direct, instead of by levers. A 
further study is being made of this furnace. 

Section on Microstructure (T. A. Klinefelter, chairman).—This section 
prepared recommendations for a standard procedure in the petrographic 
examination of certain types of refractories, and suggested the use of such 
data in specifications, but many members of the committee believe that 
the petrographic microscope is more of a research tool than a piece of 
inalytical equipment. However, the proposal is receiving the consideration 
{ the entire committee. 

Section on Precision and Tolerances (F. A. Harvey, chairman).—The 
Manual for Interpretation of Refractory Test Data has been thoroughly 
revised and condensed and has been published in the new volume of A.S.T.M. | 
standards on Refractory Materials. 

Section on Temperature (F. H. Norton, chairman).—Although the 
National Bureau of Standards has not recognized officially Cone No. 323 
this subcommittee recommended that this cone and its approximate end 
point be included tentatively in the cone table as mentioned earlier in this 
report. A furnace is being developed for determining the P. C. E. of high- 
temperature refractories. 

Section on Sieves (L. J. Trostel, chairman).—Since the Society has 
already adopted the U. S. Sieve Series as a standard, Committee C-8 has : 
also adopted this same series for use in the Tentative Method of Test for ; 
Particle Size of Ground Refractory Materials (C 92-34 T), but has in- 
duded the Tyler series along with the A.S.T.M. sieves, as this series is | 
within the tolerances of the A.S.T.M. Standard Specifications for Sieves 
or Testing Purposes (E 11 — 26) and the Tyler series is a standard of the 
American Refractories Institute. 


Subcommittee II on Research (S. M. Phelps, chairman): 


The equipment for the panel spalling test has been redesigned, so 
hat it will be less expensive to construct and require smaller space. Some 
change has been made in the principle of the cooling units and a rearrange- 
ment of the burners has given a more uniform temperature in the furnace. 
ome work has also been done in testing the brick laid as headers instead 
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Subcommittee III on Nomenclature (A. S. Watts, chairman) : 


This subcommittee has prepared the definitions, appended hereto; 
for the terms “grog fire-clay mortar,” “insulating fire brick,” “insulating 
brick,” “calcining,” “burning,” and “hard burned,” and “super duty 


fire-clay brick’”’ which are being recommended for publication as tentative. 


Subcommittee IV on Industrial Survey (L. C. Hewitt, chairman) : 


The Industrial Surveys of Service Conditions of Refractories in Open- 
Hearth Practice, Malleable Iron Industry, Copper Industry, Lead In- 
dustry, and By-Product Coke Ovens were all revised and have been 
published in the Volume of A.S.T.M. Standards on Refractory Materials, 


Subcommittee V, Editorial (L. J. Trostel, chairman): 


A great deal of work was done by this subcommittee in revising, com- 
piling, and editing the new manual known as A.S.T.M. Standards on 
Refractory Materials. It is now available for distribution. 


Subcommittee VI on Heat Transfer and Refractory Insulation (R. H. Heilman, 
chairman) : 

Considerable work has been done by this subcommittee in studying 
the various methods of determining heat conductivity of refractory mater- 
als. The various methods give radically different results and a movement 
is now on foot to correlate the different methods so that better agreement 
may be obtained between the different laboratories. 


Subcommittee VII on International Standards on Refractories: ae 

This special subcommittee was appointed, with R. S. Bradley as 
chairman, to consider the advisability of Committee C-8 recommending 
American participation in the work of Committee No. 33 on Refractories 
of the International Standards Association. A recommendation to this 
effect was made by the subcommittee and has been referred to letter ballot 
of the main committee for approval. 


This report has been submitted to letter ballot of the committee 
which consists of 36 members; 33 members returned their ballots, all of 
whom have voted affirmatively. 


Respectfully submitted on behalf of the committee, 


R. A. HEINDL, 
Chairman. 

C. E. BALEs, E. H. VAN ScHOICK, 
Secretary. Vice Chairman. 


p. 811.—Eb. 
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- REPORT OF COMMITTEE C-9 

i CONCRETE AND CONCRETE AGGREGATES 
In- During the year Committee C-9 on Concrete and Concrete Aggregates 
en § held one meeting on February 21, 1935, in New York City, preceded by a 
als. § cint meeting of the Executive and Technical Subcommittees in Washington, 

D.C., on December 8, 1934. 

The year’s work has resulted in the preparation of three new tentative 
°m || wethods of test, revisions in two existing tentative methods, a proposed 
” | tentative revision in one standard method of test, and a recommendation 
for adoption as standard of one tentative specification with revision. 
1an, In addition, the following reports and papers were submitted by sub- 

ommittees and are also presented as appendices to this report: 
ying “A Statistical Study of Bulk Specific Gravity and Mechanical 
teri- Analysis Tests of Fine and Coarse Aggregate,’ submitted by Sub- 
nent committee XI on Evaluation of Data. 
nent “Comparisons of Different Types of Specimens for Compression 
Tests of Mortar,” prepared by H. J. Gilkey and H. Walter Leavitt, 
and also submitted by Subcommittee XI. 

‘Methods of Test for Determining Volume Changes in Concrete,” 
y 3 prepared by R. E. Davis and submitted by Subcommittee XVI on 
ding Elasticity and Volume Changes of Concrete. 
‘this The following new projects have been undertaken by the committee: 
allot Effect of crusher dust in crushed stone on the quality of concrete, 

Method of sampling wet concrete, 

Method of measuring volume of wet concrete, 
ittee 
‘Il of Correlation study of modulus of rupture tests on concrete beams. 

RECOMMENDATIONS AFFECTING STANDARDS 

| |. Proposed Tentative Standards: en 
’ Proposed Tentative Method of Making Compression Tests of Concrete 
-. Using Portions of Beams Broken in Flexure——This tentative method is 
a ‘commended for publication as tentative as appended hereto.! It was 


btepared by Subcommittee VII on Methods and Apparatus for Testing 
Concrete (A. T. Goldbeck, chairman), based upon work done at the Kansas 


'See p. 835.—Ep. 
| 


State College and by the Kansas State Highway Commission. C. H. 
Scholer assumed the leadership in the preparation of this tentative method. 

Proposed Tentative Method of Determining Voids in Coarse A ggregate.— 
This tentative method, appended hereto,! was prepared by Subcommittee 
IX on Specifications and Methods of Tests of Aggregates (H. F. Clemmer, 
chairman). It is identical with the existing test for fine aggregate covered 
by the Standard Method of Test for Determination of Voids in Fine Aggre- 
gate for Concrete (C 30-22) with which it will be combined when finally 
adopted as standard. The committee recommends the appended method! 
for publication as tentative. 

Proposed Tentative Method of Test for Amount of Material Finer Than 
No. 200 Sieve in Aggregates —This tentative method was prepared by a 
Joint Conference Committee on Silt and Loam appointed by Committee 
D-4 on Road and Paving Materials and Committee C-9. A brief explana- 
tory statement respecting the test has been included in the method. Com- 
mittee C-9 was represented on the Conference Committee by L. W. Teller 
and A. T. Goldbeck. ‘The method as appended hereto? is recommended 
for publication as tentative. 

Committee C-9 believes that after additional data have been secured, 
this method may be substituted for existing requirements in certain specifi- 
cations, resulting in withdrawal of the Standard Method of Test for ee 
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tity of Clay and Silt in Gravel for Highway Construction (D 72 — 21),? and 

Method of Decantation Test for Sand and Other Fine Aggregates 

(D 136 — 28).8 


IT. Revisions of Tentative Standards: 


Tentative Method of Test for Soundness of Fine Aggregates by Use of 
Sodium Sulfate (C 88-32 T)* and Tentative Method of Test for Soundness 
of Coarse Aggregates by Use of Sodium Sulfate (C 89 — 32 T).4—These two 
existing tentative methods have been revised to include provisions for 
the use of magnesium sulfate in determining the soundness of coarse and 
fine aggregates, in addition to the use of sodium sulfate covered by the 
present methods. ‘The revised methods were prepared by Subcommittee 
IX on Specifications and Methods of Tests of Aggregates (H. F. Clemmer, 
chairman) and are identical with the recently developed methods of test 
approved by the Committee on Materials of the American Association of 
State Highway Officials. The committee recommends that the revised 
methods appended hereto® be accepted for publication as tentative. 


1 See p. 846.—Eb. 
2 See p. 832.—Eb. 
31933 Book of A.S.T.M. Standards, Part II, pp. 950, 95 ‘ 
Proceedings, Am. Soc. Testing Mats., -» Vol. 32, 713, (1932); aleo 1934 Book of A. 
Tentative Standards, pp. 484, 480. ~~? 7 
See pp. 842 and 837.—Eb. 
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ON CONCRETE AND CONCRETE AGGREGATES 


H. § III. Proposed Revision of Standard: 
od. Standard Method of Test for Sieve Analysis of Aggregates for Concrete 
a C 41-33).\—The committee recommends for publication as_ tentative 
‘tee Bf the following revision of this standard method: 
ner, Section 2 (b).—Change to read as follows by the addition of the italicized 
ted § word and figures and the omission of the word and figures in brackets: 
a (b) Coarse aggregate, or a mixture of fine and coarse [aggregates] aggregate, 
=) weight in grams [3000] 10,000 times the size of the largest sieve required, measured 
10d'_ in inches. 
han Section 5 (a).—Change from its present form: namely, 
Va 5. (a) The sample shall be separated into a series of sizes by means of the sieves 
tt a ecified in Section 4. Sieving shall be continued until not more than 1 per cent by 
| weight of the residue passes any sieve during 1 min. 
ana- 
‘om- @ toread as follows: 
eller 5. (2) The sample shall be separated into a series of sizes by means of the sieves 
ided secified in Section 4. The sieving operation shall be conducted by means of a lateral 
and vertical motion of the sieve, accompanied by jarring action so as to keep the 
awed ample moving continuously over the surface of the screen. In no case shall frag- 
. f. ments in the sample be turned or manipulated through the screen by hand. Sieving 
Ccil- tall be continued until not more than 1 per cent by weight of the residue passes any 
juan- @& seve during 1 min. On that portion of the sample retained on the No. 4 sieve, the 
and above described procedure for determining thoroughness of sieving shall be carried 
gates ot with a single layer of material. When sieving machines are used, their thorough- 
uss of sieving shall be tested by using hand methods of sieving as above described. 
Note.—When samples of fine aggregate contain more than 2 per cent silt it is 
tsoommended that the Tentative Method of Test for Amount of Material Finer than 
0. 200 Sieve in Aggregates (A.S.T.M. Designation: C 117 — 35 T) of the American Society 
se of ot Testing Materials? be made prior to, and on the same sample as, the sieve anaylsis. 
dness @ IV. Adoption of Tentative Standard as Standard: 
2 two Tentative Specifications for Ready Mixed Concrete (C 94-33 T).2—The 
s fot Bf ommittee recommends that these specifications be revised as follows and 
e and Bf submitted to letter ballot of the Society for adoption as standard: 
y the In Sections 8, 9 and 14 change the term “‘surface-dried materials” to 


‘ad “dry materials.” 
Section 10.—Change to read as follows by the addition of the italicized 
tds and figures and the omission of those in brackets: 


10. When the quality of the concrete is specified in terms of the consistency 
ithe quantity of cement per unit of volume of concrete, 1 cu. ft. of cement shall 
msidered to weigh 94 lb., and the ratio by weight of the fine aggregate to the 
i¢ plus coarse aggregate shall be such as to produce a plastic and workable mixture 
i shall not be greater than [0.55] shown in Table I, unless otherwise specified by 
- purchaser; except that this ratio may not apply to [light-weight] aggregates 


; 933 Book of A.S.T.M. Standards, Part II, p. 240. 
ee p. 832, 


"Proceedings, Am. Soc. Testing Mats., Vol. 33, Part I, p. 703 (1933); also 1934 Book of A.S.T.M. Ten- 
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having specific gravities less than 2.2 or greater than 3.0. Under this clause the pro. 
portions of cement to aggregate shall not be stated. 


Add the following table to this section: 


TABLE I.—LiMITING RATIO OF FINE AGGREGATE TO FINE PLUs COARSE 
AGGREGATE. 
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MAXIMUM Ratio oF 


MAxiMuUM SIZE OF Fine AGGREGATE 10 


GRADED AGGREGATE, Fine Pius Coarse 
IN. AGGREGATE 


Section 13.—Add the clause ‘the entire contents of the hopper shall be 
completely discharged,” to the second sentence after the word ‘“ materials.” 

Section 14.—In the second sentence change the phrase “suitable to 
the purchaser”’ to read “‘approved by the purchaser” and in the third sen- 
tence delete the word “‘surface” from the phrase “surface moisture.” 

Section 19.—Change the fourth sentence to read as follows by the 
addition of the italicized words and the omission of the words in brackets: 


The mixing time shall be measured from the time that all [dry materials] cement 
and aggregates are in the mixer. 


Change the sixth sentence to read as follows by the addition of the 
italicized words and in the eighth sentence change the phrase “When 
the agitator is provided with mixing blades” to read ‘‘When the agitator 
is provided with adequate mixing blades”’: 

When the central mixing plant is depended upon for the complete mixing, the 
minimum mixing time for mixers of 1 cu. yd. capacity or less shall be mot less than 


1 min.; for larger capacities of mixers this mixing time shall be increased at the rate 
of 15 sec. or more for each cubic yard, or fraction thereof, additional capacity. 


Section 20.—In the first sentence add the word ‘‘maximum” before 
the words “‘rated capacity.”” Change the fourth, fifth and sixth sentences 
to read as follows by the addition of the italicized words and the omission 
of the word in brackets: 

[Any] Additional mixing, if any, shall be done at a slower speed specified by 
the manufacturer for agitation. Except as subsequently provided, the truck mixer 
shall be equipped with a tank for carrying the mixing water; the water shall be 
measured and placed in the tank at the proportioning plant, unless the tank is equipped 
with an automatic measuring device of the required accuracy and capable of being 
locked. The mixing water may be added directly to the batch, except as limited 
by Section 22, in which case a tank shall not be required. 


Section 22.—Change to read as follows by the addition of the italicized 


words and the omission of the words in brackets: 


22. Concrete shall be delivered to the site of the work, and discharge from the 
hauling container shall be [begun] completed within a period of 1} hr. after the intro 
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duction of the mixing water to the [dry materials] cement and aggregates, or the cement 
to the aggregate [if] when the fine aggregate contains [surface] moisture in excess of 
6 per cent by weight [or] and the coarse aggregate contains [surface] moisture in 
excess of 3 per cent by weight. 
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Section 28 (b).—In the table change the first figures of the second, 
third and fourth lines under the column headed “Total cubic yards of con- 
crete delivered on job” from “100,” “1000,” and ‘‘2000,” respectively, to 
read “101,” “£1001,” and ‘‘2001,” respectively. 


V. Tentative Standards Continued as Tentative: 


The following specifications and methods of tests which have been 
tentative for three or more years are being continued as tentative, for the 
reasons indicated: 

Tentative Specifications for Concrete Aggregates (C 33 - 31 T).—Several 
changes in these specifications are under consideration upon which it has 
not yet been possible to make definite decisions. 

Tentative Method of Making Flexure Tests of Concrete Using a Simple 
Beam With Center Loading (C 78 —- 30 T).—This method was developed in 
connection with a similar method of the American Association of State 
Highway Officials and it is considered best to retain it as tentative until 
it can be made to coincide with the method of the American Association 
of State Highway Officials inasmuch as state highway departments are the 
principal users of the method. 

Tentative Method of Routine Analysis of the Cement Content of Hardened 
Portland Cement Concrete (C 85-317) and the Tentative Method of Test 
or Apparent Specific Gravity of Coarse Aggregates in a Saturated Condition 
(C 86 - 31 T).—These methods have not yet had sufficient trial to prove 
their worth and it is therefore recommended to continue them as tentative 
for another year. 


The recommendations appearing in this report have been submitted 
to letter ballot of the committee, which consists of 59 members; 42 members 
returned their ballots, the results being as follows: 


Ballots 
Neg- | Marked 
ative | “Not 
Voting” 
0 0 
0 0 
0 4 
II. Proposep Revisions or Tentative STANDARDS 
Method of Test for Soundness of Fine Aggregates by Use of Sodium Sulfate (C 88-32 T).......| 35 3 5 
tthod of Test for Soundness of Coarse regates by Use of Sodium Sulfate (C 89-32 T).....| 34 3 5 
III. Proposep Revision or Existina STanpARD 
Method of Test for Sieve Analysis of Aggregates for Concrete (C 41-33).................-.-. 36 2 4 
IV. Apoprion or Tentative STaNDARD aS STANDARD 
Specifications for Ready Mixed Concrete (C 94-33), as revised............ccccccceceeeeeee 38 0 4 
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This report has been submitted to letter ballot of the committee. 


which consists of 59 members; 42 members returned their ballots, of whom 
41 have voted affirmatively, and 1 negatively. 
Respectfully submitted on behalf of the committee, a 
oR. W. Crom, 
a: Chairman. 


R. R. LITEHISER, 
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REPORT OF SUBCOMMITTEE XI ON EVALUATION OF DATA 


A STATISTICAL STtuDy OF BuLK SPECIFIC GRAVITY AND MECHANICAL 
ANALYSIS TESTS OF SAMPLES OF FINE AND COARSE AGGREGATE! 


This statistical study of bulk specific gravity and mechanical analysis 
tests of fine and coarse aggregate was undertaken for the purpose of study- 
ing the variations in results obtained from a series of samples, each of which 
was taken independently, but by a procedure which would presumably 
secure a sample representative of the whole supply. The results are ex- 
pected to yield information as to the degree of confidence which may be 
placed in results obtained from such a sample, and on the problem of the 
number of such samples that should be collected to secure reasonably 
accurate data on the supply as a whole. 

The tests were made upon 100 samples each of Potomac river sand 
and gravel, collected by the following procedures: 


Sand.—The 100 samples of sand were collected by filling gallon 
cans from a barge of the Capital Materials Co. Each sample was 
collected by shoveling with the can, starting at the bottom of the pile 
and working to near the top. Succeeding samples were collected by 
the same procedure, moving a short distance away each time in such a 
way that the points of the collecting were well distributed over the 
barge. The cans full of sand were sealed to avoid the loss of moisture. 

Gravel.—The 100 samples of gravel each of about 20 Ib. were 
collected on October 8, 1933, from a barge of the Capital Materials 
Co. Thirty samples were collected from each end of the barge, 30 in 
the middle and 10 from random locations and distributed throughout 
the barge load. In the case of the groups of 30 samples, 10 were 
collected near the bottom of the load, 10 at about the middle and 10 
at the top. Each sample was obtained by random shovelfuls at the 
locations indicated. 


Tests for apparent and bulk specific gravities as defined in the A.S.T.M. 
Standard Definitions of Terms Relating to Specific Gravity (E 12-27)? 
were used. In addition, tests of bulk specific gravities on the basis of 
weight of saturated surface-dry aggregate were made upon all samples. 
This report presents a discussion of the bulk specific gravity results. 
Mechanical analyses were made on all samples, and the results are dis- 


4 
ee, 
om 
\ 
' This agers was prepared by H. W. Leavitt from report of tests made for Subcommittee AL by the Labora : 
7 f the National Sand and Gravel Assn., Stanton Walker, Director. The tests were made by Georg 
under the supervision of C. E. Proudley. ; 
1933 Book of A.S.T.M. Standards, Part I, p. 969. 
(271) 


272 REpoRT OF SUBCOMMITTEE XI oF ComMITTEE C-9 


cussed. All tests were made by an experienced operator using ordinary 
care in manipulation. 

Absorption tests were made on all samples. In the case of the sand, 
the results were not very satisfactory and are not reported. The’ facts 
indicate a very poor possibility of getting an accurate value for percentage 
of absorption of such a non-absorptive sand as the Potomac river sand, 
Further studies should be made to determine the reliability of the absorp. 
tion test of sand, and it is suggested that such a study should include sands 
having a wide range in absorption. The absorption data of the coarse 
aggregate are discussed. 


BuLk SPECIFIC GRAVITY OF FINE AGGREGATE 


Determinations of bulk specific gravity were made upon each of the 
100 samples of sand by each of four different methods: 

1. Chapman flask. 

2. Pycnometer. 


3. Kerosine. 


The A.S.T.M. Standard Method of Test for Approximate Apparent 
Specific Gravity of Fine Aggregate (C 68 — 30)'* was used for the Chapman 
flask determinations. The same flask was used throughout each of the 
100 analyses. 

The pycnometer method consists of placing 500 g. of saturated surface- 
dried sand in a pycnometer and determining the weight of water required 
to fill it to overflowing. The pycnometer is composed of a pint Mason 
jar, the screw cap of which is conical, with a }-in. opening at the top or 
smaller end of the cone. After determining the displacement, the sand 
is removed and is oven dried at about 108 C. and then weighed.* 


Oven-dry weight 


(500 + Weight of pycnometer filled with water) — 
weight of pycnometer filled with sand and water 


Bulk specific gravity = 


In determining the bulk specific gravity by the ‘‘kerosine method,’ 

400 g. of oven-dry sand are placed in a 500-ml. volumetric flask and covered 

with 200 ml. of kerosine (sp. gr. 0.80) for at least 1 hr. The volume of 4 

solution of NaCl required to fill the flask to the mark is previously deter- 

mined. free kerosine by rolling and other- 
wise agitating the sand in the flask. a 
400 


Bulk specific gravity = Volume of flask — volume of salt water added 


1 1933 Book of A.S.T.M. Standards, Part II, p. 2: 
2 This is the same as the “ Bulk Specific Grafts *sefined i in the Standard Definitions of Terms Relating 
to SR All Gravity (E 12 - 27), see 1933 33 Book of A.S.T.M. Standards, Part I, p. 969. 
All weights in | grams. 
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The fourth method of determining specific gravity was by the use 
of a 500-ml. volumetric flask. This procedure consists of introducing 
400 g. of saturated surface-dry sand into a calibrated volumetric flask 
and measuring the volume of water that must be added to fill the flask 
tothe mark. The flask when nearly filled is rolled and otherwise agitated 
to eliminate all entrained air before filling for the final reading. The differ- 
ence between the volume of the flask as determined by calibration and the 
volume of water added is the displacement of the 400 g. of saturated surface 
dry sand. The sample of sand after determination of the displacement is 
removed carefully and dried in an oven at about 108 C. 


Oven-dry weight 


Bulk specific gravity = Volume of flask — volume of water added 


For three of these methods, sample No. 1 represents the same sample 
of sand which was carefully split and divided into the required size for 
each of the methods. Sample No. 2 was treated in the same way as were 
all of the corresponding 100 samples of fine aggregate. The samples used 
in the volumetric flask method were re-used in the “kerosine method.” 


Significant results are given in Table I. oe 
TABLE I.—BuLk Speciric Gravity OF PotomMAc RIVER SAND. 


VOLUMETRIC CHAPMAN Pyc- 
LASK FLASK NOMETER KEROSINE 
METHOD METHOD METHOD METHOD 
100 100 100 100 
Average value of bulk sp. gr............... 2.60 2.61 2.603 2.616 
Standard deviation, per cent............... 0.621 0.605 1.141 0.753 


Number of determinations required for a 1 to 
10 chance that the error of the average will 
not be greater than 0.77 per cent*........ 


to 


2 6 3 


“An error of 0.77 per cent corresponds to a range in specific gravity of 0.02 from the mean. For method 
letermining chance, see Report_on Significance of Tests of Concrete and Concrete Aggregates, p. 113, 
ponsored by A.S.T.M. Committee C-9 and published by the Society in pamphlet form in 1935, ane ro 


STATISTICAL METHODS USED 


In order to arrive at the factors which measure uniformity and also 
those which give the probability constants, it was necessary to determine 
the standard deviation. This may be obtained by squaring each deviation 
from the mean of the series, adding these results and finding their average, 
and then extracting the square root. In Table I, this value is also expressed 
as a percentage of the average of the series or population. For comparative 
purposes the standard deviation is often used as a measure of uniformity. 

When the standard deviation is obtained in this way, no definite 
picture of the results is obtained, but by means of a scatter diagram (see 
Fig. 1) the actual dispersion of the results is graphically shown. The stand- 
atd deviation is obtained from the data in a scatter diagram or correlation 
table as shown in Eqs. 2 and 4 in Fig. 1. 
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It will be noted (Eq. 2) that the standard deviation of the x array, or 
the bulk specific gravity by the ‘‘kerosine method,” was found to be 0.0197 
or 0.753 per cent of the mean, which is indicated in Eq. 1 (2.6155). This 


Bulk Specific Gravity by Kerosine 
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258 260 262 264 266 268 270 272 274 N SX =xX* SxY S¥%, Sy Sy? 


/ i\ 2 3 g 0150 0 9 
Ease / 4 6 686400 2 4 
F=0.0309 20.068 3 33367 O27 
4 12 50 48300 64 
No 18 64 262 320 356 90 450 
1 37 136 3.68 222 / 332 
27 102 4464 7/4 3.78 189 132 
264 /\/\4 6 15 41 120 250 48 384 
<+----Mean Regression Lines 0 
1 9 3330 N12 
N 5 4153117205 2 1 100 355 1649 2097 588 3706 


Mean X = WV (Class Interval) + Origin = 100 (0.01) + 2.580 = 2.6155 


3X? _ 
S. Dz = VN (=) (Class Interval) = 


2 


1649 (#3 
100 \100 


ZY 588 
Mean Y = W (Class Interval) + Origin = T00 (0.01) + 2.550 = 2.6088..... 


> y2 2 
S. Dy = (Class Interval) = 


3706 588\? 
Too ~ \too (0.01) = O.01S6 = 0.605 CONE: 


ZX ZY 2097 588 


— 


100 100 100 


[= [+ 1.9717 - 1.5766 


Fic. 1.4—A Scatter Diagram Showing Relation Between Bulk Specific Gravities of 100 
Sand Samples as Determined by Two Methods of Test, Kerosine Method and Chap- 


man Flask Method. 


* Truman L. Kelley, “Statistical Method,” RP: 151-185, MacMillan Co., New York City (1929). 
eory of Statistics,” pp. 157-207, Charles Griffin and 


G. Udney Yule, “An Introduction to the 
Ltd., London (1929). 


table also gives the mean and standard deviation of the y arrays on bulk 
specific gravity by the Chapman flask method. Equation 3 shows the 
method of obtaining the mean, which was found to be 2.6088; and Eq. 4, 


= 0.0309 + 0,068. .(5 
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the method of obtaining the standard deviation, which has a value of 
0.0158 or 0.605 per cent of the mean. Equation 5 shows the computation 
of the correlation coefficient, which in this case was found to be 0.0309 = 
0.068. 

It will be noted that this value of r is practically zero, and this is as 
it should be, since the characteristics which tend to change the specific 
gravity results of each method are not different. In other words, because 
the material is the same on each of the 100 tests used in each of the two 
test methods, the results should all be identical; and if there were no 
personal equation or laboratory variants involved, all the results would 
show at the center of this diagram at the point indicated by the inter- 
section of the mean regression lines, or roughly, in the squares adjacent 
toa gravity of 2.61. Possibly this could be better understood if the diagram 
were considered as a target with the bulls-eye located at the point 2.61. 
Unfortunately, all of the results do not hit the bulls-eye. One noticeably 
erratic result (test No. 51) which is found at the extreme right center of the 
diagram was undoubtedly due to a personal error in manipulation. The 


TABLE IJ.—CORRELATION COEFFICIENTS, BULK SPECIFIC GRAVITY TESTS OF 
Potomac RIVER SAND. 


CHAPMAN FLASK PyYCNOMETER KEROSINE >. 
lumetric Flask........ 0.36199+0.0585 —0.14182+0.0660 0.03296 + 0.0675 
0.03141 =0.0675 0.03088 = 0.0675 


two results at the top of the diagram hit very wide and are probably due 
to some personal equation, as is also the one located in the bottom line of 
the diagram. ‘These erratic results, however, should not be eliminated, 
because they are liable to occur in any series of this magnitude and, there- 
fore, have a definite relation to the probability, or chance factors. The 
other correlation tables—five in number—are not presented here, but the 
correlation results are given in Tabel II. 

It will be noted that most of the values for the correlation coefficient 
in Table II are very small, which accords with the previous explanation. 
By solving for the standard deviation in the two methods explained above, 
a check is obtained in each case. A graphical check of the accuracy of the 
work is also obtained by the passing of the mean regression lines (see 
fig. 1) through the respective means of the two series of variables. In 
other words, in Fig. 1 it will be noted that these mean regression lines pass 
through or intersect at a point represented by 2.6155 on the x or horizontal 
axis and a point on the y or vertical axis located at 2.6088. 

Another interesting thing to be noted in connection with Fig. 1 is that 
the mean regression lines are approximately at right angles to each other, 
indicating no appreciable value of r. Had the series been composed of 
sands taken from different localities and having widely varying character- 
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istics, the value of r would have been greatly increased and it would pyc 

have approached a value of 1.00 for a perfect correlation. In the event of 1 
_ of a perfect correlation, the mean regression lines would fall one upon the fill 


other and pass through the mean at a 45-deg. angle with the axes of the 
diagram. Such a theoretical diagram would show that a perfect correlation 

existed by the two methods, and that the same factors which tend to make whe 
a low specific gravity would be measured in the same degree by each of 

these two methods. A correspondingly high specific gravity would also be 
measured equally well by each of the two methods. Such data are not at 

hand at the present time. 


SPECIFIC GRAVITY AND ABSORPTION OF COARSE AGGREGATE 


One hundred samples of coarse aggregate or gravel were analyzed No 
for specific gravity and absorption by the ‘‘wire basket” method and the 
““pycnometer”’ method. date 

TABLE III.—BuLk SpeciFic GRAVITY OF COARSE AGGREGATE, 
in 
IRE BASKET PYCNOMETER 
METHOD METHOD obt 
Average value (specific 2.558 2.555 
Number of determinations required for a 1 to 10 chance that the 
error of the average will not be greater than 0.77 per cent?... 1 3 
® An error of 0.77 per cent corresponds to a range in specific gravity of 0.02 from the mean. For method 
of determining chance, see Report on Significance of Tests of Concrete and Concrete Aggregates, p. 113, 
sponsored by AS.T.M. Committee C-9 and published by the Society in pamphlet form in 1935. 

The “‘ wire basket”’ method consists of immersing approximately 5000 g. 
of gravel (sizes finer than No. 4 sieve omitted) in a pan of water for at least | 
24 hr. The sample is transferred to the wire basket and its immersed met. 
weight determined. The entire sample is surface-dried by rolling on thick be : 
bath towels and quickly weighed to obtain the saturated surface-dried witl 
weight. The sample is then dried to constant weight in an oven at 108C. indi 
The following computations were made: van 

in t] 
. Surface-dry weight — oven-dry weight 
Oven-dry weight 
Oven-dry weight 
Bulk specific gravity = 
P Surface-dry weight — immersed weight 
sam 


The temperature of the immersion water was 25 C. in nearly every instance. pile 

In the “pycnometer method,” approximately 1000 g. of saturated 
gravel are placed in a 1-qt. Mason jar with special conical screw cap (as 
recommended by the American Association of State Highway Officials in 
U. S. Department of Agriculture, Bulletin No. 1216, revised 1928, Pp. 23) 
filled with water and weighed. ‘The difference between the weight of the 
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ald pycnometer filled with water plus the weight of the gravel and the weight 
of the pycnometer filled with the gravel sample plus sufficient water to 


“ | fill the pycnometer is the weight of the water displaced by the gravel. 
Bulk specific gravity = 
ake where D = oven-dry weight of gravel, 
of S = saturated surface-dried weight of gravel, 
be P = weight of pycnometer full of water, and 
- at W = weight of pycnometer plus the sample plus sufficient 
water to fill the pycnometer. 
S-D 
_ 7 Absorption, per cent = D x 100 
zed No corrections for effect of differences in temperatures have been made. 
the The results obtained from a statistical analysis of the specific gravity 


data are given in Table ITI. 

The absorption tests on the gravel samples were more satisfactory than 
in the case of the fine aggregate, and the constants given in Table IV were 
obtained: 


55 TABLE IV.—ABSORPTION OF 100 GRAVEL SAMPLES, 
12 Maximum absorption, per cent 
Minimum absorption, per cent 
Average absorption, per cent 
el Standard deviation, per cent 
ods Number of samples required for a 1 to 10 chance that the error will 


not be greater than 5.1 per cent? 


* An error of 5.1 per cent represents a difference of 0.05 in the percentage of absorption. 


)0 g. 

we The correlation coefficient obtained from the data concerning the two 
rsed methods of determining specific gravity on coarse aggregate was found to 
hick be —0.076713 + 0.0675. In this case, like the similar results in connection 
ried with the study of the 100 samples of sand, the coefficient is practically zero, 
8 C. indicating that the results were aimed at the same objective and that the 


variant factors were not important enough to cause a serious disagreement 
in the results. 


MECHANICAL ANALYSIS DATA 
Fine Aggregate: 


A mechanical analysis determination was made upon each of the 100 
samples of fine aggregate. ‘The sand samples as taken from the stock 

ance. pile were kept in air-tight tin cans until all tests were completed. 
ated A 525-g. sample of the damp sand was taken from each can and oven 
D (as dried to constant weight at approximately 108 C. It was then cooled and 
Js in t-weighed. The difference between the original 525 g. and the final oven- 
23) dry weight was used to compute the percentage of moisture in the stock 


£ the pile sample. 
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The dry samples were then passed through the same nest of sieves in m 
a Ro-tap shaker for 15 minutes. Table V gives the results obtained from m 
these 100 analyses. lir 
It is believed this is the only instance where 100 samples of the same 
sand have been analyzed. Accuracy of statistical facts requires that the as 


population, or number of individuals examined, should be as large as 


possible. Some statisticians believe that 60 individuals is about the ” 
smallest population worthy of consideration. In this case we have a greater 5 
number than 60 so the results in Table V should be very significant. The an 
right-hand column shows the coefficient of variation, which is the name 
given by Pearson to the standard deviation divided by the mean.' It will ex! 
be noted that these coefficients of variation in the last column range from of 
14 per cent for the No. 30 to No. 50 fraction to about 41.6 per cent for the eff 
No. 50 to No. 100 fraction. wh 
TABLE V.—DaTA FROM SIEVE ANALYSIS OF POTOMAC RIVER SAND. wit 
Coefficient 
Maxi- | Mini- Ra: M Standard | of Variation a 
mum | mum - “an | Deviation Standard 
Deviation/Mean 
Total moisture, per cent...............20cece0000e 47 | 08 | 3.9 | 3.311 | 0.64366 19.44 
Passing j in. and retained on No. 4, per cent......... 6.6 2.0 4.6 | 3.915 | 1.23681 31.59 — 
Passing 4 and retained on No. 8, per cent........... 25.2 7.5 17.7 15.455 3.59288 23.25 Passi 
Passing 8 and retained on No. 16, per cent.......... 22.2 5.6 16.6 13.196 4.37391 33.15 Passi 
Passing 16 and retained on No, 30, per cent......... 37.3 7.6 29.7 21.643 4.43965 20.51 Passi 
Passing 30 and retained on No. 50, per cent......... 47.1 15.6 31.5 34.331 5.07870 14.79 Pasgi 
Passing 50 and retained on No. 100, per cent........| 19.7 0.6 19.1 9.966 4.14676 41.61 Pagai 
Passing No. 100, per cent..............ccceeeeeee 25 | o1 | 24 | 1.494 | 0.51601 34.00 Fine 
Fineness 3.43| 2.65] 0.78] 2.9762 | 0.15954 5.36 
A 15-minute shaking period does not seem always sufficient to get 4 
thorough separation through the No. 100 sieve. This is especially true 
when the sand particles are slightly angular and the very small openings wet 


in the sieve become temporarily clogged. Great care, of course, is always 
necessary in order to get the sieve clean after each use. Undoubtedly, the ins| 
high result in this series of tests may have been due to this difficulty with con 
a sieve of such small openings. 


In most laboratories, the fine aggregate is first sieved through a N sha 
4 sieve. Therefore, in the case of the four remaining sizes—Nos. 8, 16, 5%, efi 
and 50—the values for the coefficients of variation will range from 14.8 t We 
33.2 per cent. It seems that using these four sizes as our criterion, we may 0) 
safely state that a 25 per cent variation in the coefficient would be reason- 17 
able. In other words, if two samples of the same sand were given a mechan- Ss 
ical analysis study and the average of the coefficients of variation for the that 
various sieve sizes Nos. 8, 16, 30, and 50 did not exceed 25 per cent, a good a 


4 Karl Pearson, “‘ Tables for Statisticians and Biometricians,” p. 18, London (1914). 
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measure of the mechanical analysis would be obtained. If the variation is 
more than 25 per cent, successive determinations should be made until this 
limit is reached. 

If the laboratory technicians are willing to accept the fineness modulus 
as an adequate factor for expressing the size complex, these data show that 
in cases where the stencare cevation of any series of tests does not exceed 
5 per cent, the results are as accurate as would be expected from 100 
analyses. 

The field moisture content is, of course, quite variable and to a large 
extent dependent upon the granularmetric and mineralogical composition 
of the sand examined. In the case of the Potomac river sand the co- 
eficient of variation is approximately 19.5 per cent. It is questionable 
whether this figure could be used as a criterion of variability in connection 


with other sands of different mineralogical composition. _ 
TaBLE VI.—DaATA FROM SIEVE ANALYSIS OF PoTtoMAc RIVER GRAVEL. 
Coefficient 
Maxi- | Mini- Ra M Standard of Variation, 
mum mum Deviation Standard 
Deviation/Mean 
Passing 1 in., retained on 3, per cent............... 11.2 0.0 | 11.2 4.259 | 2.42831 67.02 
Passing 2 in., retained on 3, per cent................ 39.8 5.3 | 34.5 | 19.617 | 6.42908 $2.77 
Passing 3 in., retained on , percent................| 49.2 | 24.8 | 24.4 | 35.456 | 3.61580 10.20 
Passing % in., retained on 4, per cent................ 48.0 | 18.1 | 29.9 | 35.718 | 6.08552 17.04 
ne neree 13.7 0.8 | 12.9 4.950 | 2.50078 50.52 
6.41| 5.89] 0.52] 6.1901] 0.86965 14.05 


oarse Aggregate: 


For these analyses, 100 samples of gravel weighing about 30 Ib. each 
were Stored in sacks in the laboratory for about three months before the 
tests were begun. A sieve analysis was made of the entire sample in each 
instance. When the analyses were made, the samples were in an air-dried 
condition. 

Square-opening sieves of 20-in. diameter were used. These were 
shaken by means of a foundry riddle at what appeared to be the most 
efficient speed. The shaking period was about three minutes in each case. 
Weighings were made on a 350-lb. capacity platform scale graduated to 
0.01 Ib. 

The results of this study are given in Table VI, and the information 
is similar to that in Table V relating to fine aggregate. It will be noted 
that the largest and the smallest sizes gave the greatest variation as ex- 
pressed in the coefficient of variation. For the size passing the 1-in. and 


tetained on the 3-in. sieve, this factor is 57 per cent; and for the material : 
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passing the }-in. sieve, this factor is 50.5 per cent. Disregarding these two, 
the range still goes from 10 to 33 per cent. The ranges are much more 
erratic than they were in the case of the fine aggregate. This would be 
expected in view of the differences in the characteristics of the two materials. 

The subcommittee is rather loath to draw any general conclusions 
from these data. It may be safe to make the following statement: If 100 
samples of gravel are passed through the sieves shown in Table VI, the 
fineness moduli will probably not show a coefficient of variation greater 
than 14 per cent. 

SUMMARY AND CONCLUSIONS 


1. The average values of bulk specific gravity as obtained upon 100 
tests of the same sand by means of the volumetric flask, the Chapman 


Dee! 
flask, the pycnometer, and the “‘kerosine method” should agree very closely. ture 
2. On a small number of determinations, the accuracies of the and 
volumetric flask and the Chapman flask should be about equal. ye 
3. The number of determinations required for a 1 to 10 chance that jo 
the error of the average will not vary more than 0.02 specific gravity are 2 mix 
in the cases of the volumetric flask and the Chapman flask, 3 in the case of cap 
the ‘‘kerosine method,” and 6 in the case of the pycnometer method. effe 
4. If 100 specific gravity determinations are made on a sample of ae 
gravel by the wire basket or the pycnometer method, the average values of ae 
specific gravity obtained will be practically identical. frag 
5. The number of determinations required for a 1 to 10 chance that 
the error of the average specific gravity will not vary more than 0.02 are stre 
1 test for the wire basket and 3 tests for the pycnometer method. - 
6. The average coefficient of variation to be expected on 100 tests of tt 
mechanical analysis of a fine aggregate on material passing the No. 4 and vari 
retained on the No. 50 sieve should not exceed 25 per cent. one 
7. The material retained on the No. 100 sieve and passing the No. 
50, and the material passing the No. 100 should be expected to give higher 
variations than the portions retained on the larger sieves. The coefficients hos 
of variation of these sizes were found to be approximately 42 per cent for Con 
the material on the No. 100, and 34.5 per cent for material passing the ft 
No. 100 sieve. 
8. The coefficient of variation of the fineness modulus as obtained “en 
upon the 100 samples of sand was 5.4 per cent. nur 
9. The coefficient of variation of the fineness modulus obtained upon mitt 
gate 


the 100 samples of gravel passing the 1-in. sieve was 14.1 per cent. 
10. Individual sizes gave a large range in coefficients of variation 00 
100 samples of Potomac river gravel. - | 
Respectfully submitted on behalf of the subcommittee. ef 
H. WALTER LEAVITT, 
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APPENDIX I 4 


COMPARISONS OF DIFFERENT TYPES OF SPECIMENS FOR 
COMPRESSION TESTS OF MORTAR 


‘By H. J. GILKEY! AND H. LEAVITT? 


The use of a 2 by 2 by 4-in. prism, to be cast on its side against plane faces has 
been suggested as a specimen for compression tests on portland-cement mortar mix- 
tures. Present practice is more or less deadlocked between the use of the 2-in. cube 
and the 2 by 4-in. cylinder. This paper reports tests on rather large numbers of 
cubes, cylinders and prisms. Relatively large multiple-specimen batches were used 
which necessitated special precautions to insure adequate control of recognized or 
possible variables. Among these were the effects of variable time lapse between 
mixing and placing, segregation, evaporation prior to casting, etc. Cubes were also 
capped and tested vertically as cast to detect possible effects of water-gain. The 
effect of overpouring or heaping specimens as a means of reducing the water-gain 
effect was investigated rather fully. The tests indicate that the prism may be ex- 
pected to give the same quality indications as would the cube or the cylinder and 
that the strengths will be almost identical with those obtained from either cubes or 
fragments of beams tested as modified cubes.’ 

This last is an important consideration where both flexural and compressive 
trengths are observed as in the highway field. They also indicate that the multiple- 
specimen batch is, with suitable precautions, well adapted for tests, such as these, 
which require large numbers of companion specimens. Some consideration is given 
to the matter of uniformity as indicated by standard deviations and coefficients of 
variation. ‘The results show satisfactory uniformity and the findings are consistent 
one with another. 


The project was designed primarily to secure evidence on questions such as 
those raised in the discussion entitled “Cylinder Versus Cube Versus Prism as the 
mpression Test Specimen for Mortars,’ appearing in the December, 1934, Bulletin 

{ the Society. 

It was expected that the differences sought would be small and that unless the 
mparisons were based upon results from rather large numbers of companion speci- 
lens, experimental variations might cover up basic trends. This need for unusual 

numbers of duplicate specimens stamped the project as one of interest to Subcom- 
mittee XI on Evaluation of Data of Committee C-9 on Concrete and Concrete Aggre- 
gates which was in need of data from groups of 60 or more companion specimens and 
€ project was planned, therefore, to serve a dual purpose. 
' Professor and Head, Theoretical and Applied Mechanics, Iowa State College, Asses, Iowa. 
j Secretary, Maine ‘Technol ogy Experiment Station, University of Maine, Orono, 

L. H. Koenitzer, ‘ ‘Proposed Method of Making Compression Tests on Portions of Conante Beams from 
Plerure Tests,” Proceedings, Am. Soc. Testing Mats., Vol. 34, Part II, p. 406 (1934); also Bulletin No. 34, 
Eogineering Experiment Station, Kansas State College (1935). 


4H. J. Gilkey, ‘Cylinder Versus Cube Versus Prism as the Compression Test Specimen for Mortars,” 
blished in Bulletin No. 71, Am. Soc. Testing Mats., Dece: ember 31, 1934, p. 5. 
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The usual procedure in concrete investigations has been to weigh out, mix and 
cast each specimen individually or at most to include only a few specimens in a batch. 
In these tests the entire lot of specimens cast on any one day was from a single large 
batch. Thus the differences between companion specimens of a day’s casting may 
be due not only to the usual unclassified variables but also to any of the following: 

1. Lack of uniformity attained in mixing. 
2. Segregation during the interval between mixing and casting. 
3. The variable time that elapsed between the initial mixing of the batch and 
the molding of a particular specimen or group of specimens. 

In a similar manner the differences between specimens from different batches 
might be due to: 

1. Mistakes or other inaccuracies in proportioning the batches. 

2. Variations in the materials entering the different batches (differences in the 
grading of the sand or in the quality or properties of the cement). 

3. Environmental factors such as differences in temperature of air in laboratory 
or in mixing water, or in curing conditions for different batches. 

4. Non-uniformity in the technique of mixing or of placing for the different 
batches. 

Obviously, each of the two methods has its disadvantages but it is believed that 
each has a definite field of usefulness. Of course, the large or multiple-specimen 
batch is suitable only for those tests in which a considerable number of duplicate 
specimens is required. It may be that these specimens are to be subjected to different 
curings, exposures or other treatments subsequent to casting, or it may be, as in this 
case, that a large number of tests are desired on specimens that are presumably 
identical. A single error in weight or the introduction of any other important vari- 
able might invalidate a comparison between specimens of different batches, whereas 
a similar error would produce a single erratic result in a single-specimen batch. On 
the other hand the specimens from a multiple batch should still be comparable one 
with another. The obvious saving in “‘the overhead of fabrication” attainable 
through the use of multiple-specimen batches establishes the desirability of com- 
parative studies to determine more fully their adaptations and limitations. In plan- 
ning the tests this need was recognized as a secondary objective of the investigation. 

Cognizance was taken of the following as actual or potential variables, and the 
precautions taken either to eliminate them or to measure the extent of possible 
resultant variability are indicated: 

1. Possible non-uniformity of materials. 

The cement consisted of one lot of ten sacks of Hawkeye cement purchased in 
the open market, thoroughly premixed, and stored in four paper-lined galvanized 
iron cans with close-fitting covers. Scoopfuls of cement were taken from each of 
the ten sacks in rotation and after a thorough mixing the four cans were filled by 
successive scoopfuls placed in rotation. 

The aggregate consisted of one lot of Des Moines River natural sand of 01 
No. 4 grading. This was thoroughly air-dried and stored in one bin. Sample: 
the sand were taken for sieve analysis at the time each batch was weighed out. 

2. Proportioning batches. 

The proportions were 1:2.75 by weight with a gross or nominal water-cement 
ratio of 0.80 (0.53 by weight). No water was added to allow for absorption by the 
aggregate and the net or true water-cement ratio was somewhat less, possibly 0.75 
(about 0.50 by weight). All measurement (including water) was by weight to the 
nearest 0.01 Ib. 

3. Mixing and environmental factors. 
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Mixing was accomplished in a motor-driven “Little Wonder” mixer of about 
2 cu. ft. capacity. Initially the mixer was clean and dry. The mixing time was 
intended to be sufficient to insure adequacy as judged by the appearance of the batch, 
with the leeway in favor of overmixing rather than undermixing. In no case was the 
mixing time less than 5 min. 

Table I supplies the essential information regarding the batches. The properties 
of the plastic mixture showed excellent uniformity between batches within the range 
of discrimination afforded by comparisons of slump and unit weights. For several 
batches additional slump and unit weight determinations were made near the middle 
and toward the end of the casting period. These were in close agreement with those 
recorded in Table I and supply no indication of change in the properties of the batches 
during the casting interval of from 1.3 to 2.6 hr. (Table I). 

The only visible environmental difference between batches Nos. I to V was the 
temperature of the laboratory during the period of fabrication. While the 75 F. 
temperature for batch No. I might account for its apparent lack of strength in com- 
parison with the other batches (see Table III), the 80 F. temperature for batch No. 
II hardly accounts for its excess of strength over the other batches with temperatures 


TABLE I.—DATA ON THE BATCHES. 


BatTcH Batcu BatcuH BaTcHu BatTcu 
No. I No. II No. III No. IV No. V 
er July 6, 1934 July 7, 1934 July 9, 1934 July 10, 1934 July 11, 1934 
Laboratory tempera- 
ture, deg. Fahr.... 75 80 82 85 85 
Total weight of batch, 


Initial slump, in. .... 
Initial unit weight, 
lb. per cu. ft....... 


.pped cylinders, hr. 


to85 F. For batches Nos. I and II there were also present minor differences in 
mixing techniques as will be apparent from the following descriptions. 
Batch No. I—The sand and cement were first mixed dry, after which all the 
vater was added. This produced sticking to the drum but satisfactory mixing action 
obtained by loosening up the batch with a trowel. 
Batch No. II.—The sand and water were placed in the drum of the mixer and 
edry cement was added in three lots with the drum revolving. This arrangement 
very poor since it caused the cement to lump badly. The lumps were broken 
) by sifting the material through the fingers and satisfactory mixing was procured. 
Batches Nos. III, IV, and V.—Same procedure as for batch No. I, except that 
ter was added slowly as the drum revolved. This method was entirely satisfactory. 
vatch No. V was slightly larger than should be attempted in this mixer, however. 
‘s might be expected, batch No. IV required less mixing time than any of the others 
Naccount of its smaller size. 
4. Casting, storage and testing. 
As soon as a batch was mixed, observations were made for unit weight and 


imp. A measure of 2 1. (0.07 cu. ft.) was used for the unit weight determinations 
n the batches. 
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The mixture was intentionally fluid in order that casting could proceed rapidly 
by pouring. Molds were filled in stages of about one-third their height, the material 
being tamped lightly with a round wooden rod. For the pouring, a 1-gal. can was 
bent to a pouring V. With a scoop the can was filled about two-thirds full with 
mortar from the mixer drum and was passed rapidly from mold to mold. With the 
exception of the 3 by 6-in. cylinder molds, the briquets, and some of the cubes, all 
specimens of a type were cast in rapid succession and within a single five or ten- 
minute period. After the deposition of a layer in a group of molds the tamping 
was done for all by passing rapidly from one to another, after which the next layer 
was deposited. 

The mixture held together well but whenever there was a visible gathering of 
water on the surface of the batch, the mixer drum was revolved for a few seconds 
to restore uniformity. Excess mixing was avoided at these periodic intervals t 


Fic. 1.—Two 24-Gang Prism Molds Showing One Assembled. 


make negligible the grinding action which is known to accompany mixing and which 
assumes increasing importance as mixing is prolonged. 

Specimens were covered with moist cloths a few moments after casting. The 
cloths did not drip on the mortar, nor were they in contact with it. All specimens 
which were to be tested vertically as cast were capped with neat cement from 5 to 
8 hr. after mixing started, which was from 3 to 6 hr. after the last specimen was cast 
except for batch No. IV which was capped about 3 hr. after mixing started and less 
than 2 hr. after completion of casting. This batch was a little softer than it should 
have been when capped. 

All cylinders were capped. In addition, 40 of the cubes of batch No. III were 
capped, 36 of which were tested vertically as cast. Otherwise all cubes and prisms 
were tested against a pair of plane faces which were lateral as cast. 

The molds were removed the day after casting and moist storage was by immer- 
sion until tested. Compressive tests were performed on a Southwark-Emery machine 
except for some of the supplementary tests at 7 days. No recognized variables 


existed in either the storage or test conditions. 
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The cylinder, cube and briquet molds were standard equipment. The briquet 
molds were in gangs of three or five and 51 of the cube molds were in gangs of three. 
An oiled paper was placed between the mold and the plate glass or machined iron 
base plate. While no other precautions were taken to make molds watertight, there 
was very little leakage of the molds.! 


rel |_| mh Drill and Ta 
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Note - Additional parts required: 6 wing -head bolts by /-in long, 
2rods § i. by 193 in. long, faced / in. on each ond, easy fits 
in -in. holes in angles. ALL MATERIAL STEEL 


lc. 2.—Drawing from Which 24-Gang Prism Molds Were Constructed. Weight of one 
gang approximately 100 lb. 


The molds for the prisms were specially constructed for these tests (see Figs. 
land 2) and consisted of two gangs of 24 compartments each. The machined cross 
partitions set snugly in grooves on the plane steel base plate. Obviously, leakage 
could occur only from specimens around the exterior edges of the assembly and such 
leakage was negligible.' 

There remains, of course, a question whether the slight difference in the manipu- 
lation called for by the 24-specimen gang molds introduced a significant difference 


ble importance ofl ea’ of water: rom the sides and around the bottoms of molds has 
teen more definitely determined, it is desirable that leakage be avoided entirely which can be largely accom- 
plished by pouring hot paraffin around the base. The authors question whether the importance of nominal 
akage has not been overestimated. Much, if not al! of the water that does so escape if from quiet filtration 
tather than agitation or excess working, would have gathered at the top of the specimen had it not found an 
outlet elsewhere. The extraction of water from the molded specimen assumes importance to whatever extent 
1¢ solid particles are brought closer together thereby. A natural separation or sedimentation occurs in any 
cuxture while it is plastic regardless of whether the water that oozes out congas downward, upward or laterally. 
We ion by H. J. Gilkey of paper by F. R. McMillan, “Suggested Procedure for Testing Concrete in 
Which the Aggregate Is More n One-Fourth the Diameter of the Cylinders,” Proceedings, Am. Soc. Testing 
Mats, Vol. 30, Part I, p. 534 (1930). The whole question of nominal leakage versus watertight molds needs 
‘urther experimental study, however. 
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in the quality of the hardened mortar. Of probable equal or greater importance is a 
natural difference that is prone to exist generally between the 2 by 4-in. cylindrica] 
specimen and most others. The 2 by 4-in. cylinder mold is small of cross-section, 
deep and rather unstable, and unless special care is used in filling it, placement may 
be less perfect than for shallower, heavier molds such as those used for the cube, 
the side-cast prism or the briquet.! 

While the larger cylinders such as the 3 by 6-in. or 6 by 12-in. are of the same 
relative proportions, as the 2 by 4-in. the additional cross-sectional area and greater 
stability seems to promote better placement. On the other hand the amount of 
working per unit volume of material is apt to be greater for small specimens. It is 
such opposing factors as these that probably give rise to conflicting evidence on 
possible effect of size of cylinder on the compressive strength of a mortar or a con- 
crete. Overworking promotes segregation by bringing water to the surface which 
lowers the voids and the water-cement ratio of the mass. If anything, the 2 by 
‘4-in. cylinders of these tests were under-worked. 


OUTLINE AND DISCUSSION OF THE TESTING PROGRAM 


The primary purpose of the tests was to compare the 2 by 2 by 4-in. prism with 
both the 2-in. cube and the 2 by 4-in. cylinder as a compression test specimen for 
cement mortars. The more obvious advantages of the prism are: 

(a) It can be cast horizontally against two plane ends, just as the cube is cast, 
and the need for capping or grinding to a plane the top surface (as cast) is thereby 
eliminated. 

(b) The ratio of height to lateral dimension (as tested) is the same as that f 
standard cylinders. The measurement of strains is possible and the two end shear 
cones can develop without overlapping. 

The question now arising is ‘‘What constitutes a proper measure of relative 
excellence? After the data are procured how is one to decide which of the several 
, types is to be considered the best form of specimen?” Evidently those data are most 
pertinent which tend to supply answers to the following questions: 

1. How do strengths as obtained from tests on prisms compare with those fror 
tests on cubes or on cylinders? 

2. Do tests on companion prisms give as uniform results as those on cubes ¢ 
cylinders? 

3. When concretes or mortars of different batches, ages, proportions, etc., are 
compared, will the observed differences in properties be essentially the same in mag- 
nitude or in kind as when the mixture is represented by a cylinder or by a cube? 

The relatively large number of 28-day tests on prisms, cubes and cylinders 
supplies evidence bearing on questions 1 and 2. Question 3 is answered in part 
by the fact that the specimens reported represent five different batches mixed on 
different days. Brief reference is also made to two other batches by a different 
operator. Usually different portland-cement mixtures do exhibit parallel charac- 
teristics under similar conditions. Moreover, the supplementary tests at 7 days 
supply some additional evidence on the extent to which the main 28-day tests may 
be accepted as representative of mixtures in general. 

There were several other extensions of the tests, two of which relate to the phe- 
nomenon of water-gain.2 To whatever extent water-gain introduces variation im 
the quality of the material in successive horizontal layers, as cast, there will probably 


1 Generally speaking, results from briquets are not apparently very significant or useful as checks of 
compressive behavior and the briquets of these tests are more or less an incidental feature. 10, 
ae rs Gilkey, ‘‘Water-gain and Allied Phenomena,” Engineering News-Record, Vol. 98, February 
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sa be differences in the stiffness of parallel vertical layers of a specimen which is tested . 
oal on its side. Thus a load applied along the geometric axis is not collinear with the 
mn, axis of resistance which should be located somewhat nearer the base of the specimen q 
ay as cast. 
be, Twelve of the capped cubes were tested at 7 days and 28 others were tested at ; 
28 days vertically as cast. Of the 7-day tests only 8 were vertical as cast, since it 
me seemed desirable to test 4 of the capped specimens on their side, in the usual manner : 
ter for cubes, as a check on any discernible influence that the neat cement cap might 
of have on the test behavior. There is no indication that the thin cap influenced the 
i strength of the 4 side-tested specimens within the limits of variation for the tests. 
on As will be noted further in discussing the results of the tests, the interesting and 
on- probably correct discovery was made that vertical testing seems to result in lower 
ich 
by 4 > 
nit! 
ast, | 
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fos Center Loading 
1ear 
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K-— 
are (d) Fragment from 
nag- - (b) End Loading End Loading 
ders Fic. 3.—Tests of Prisms as Modified Cubes. 
part father than in the higher strengths which had been expected. Since this is contrary to 
d on ther reported results,! additional evidence is needed before final conclusions are drawn. 
rent Recognizing again that water-gain may be expected to result in wetter and there- 
arac- fé more porous and weaker material in the upper portion of the specimen, it seemed 
days possible that uniformity might be promoted by over-pouring or heaping the molds 
may nd striking off the excess material after the water had ceased to rise, that is after the 
initial slight stiffening that marks the end of the sedimentation stage, or downward 
phe- working of solid particles. 
yn in _ Because the problem of water-gain appeared to be such a pertinent factor in 
yably the testing of side-cast specimens, it was decided to heap alternate molds or gangs 
a of molds at the time they were filled and to strike them off just prior to the capping 
sy 10, operation. 


1 Proceedings, Am. Soc. Testing Mats., Vol. 25, Part I, p. 200 (1925). 
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This was done and all specimens in columns headed B in Tables II, V, VI, VII, 
and VIII were accorded this treatment. All of the specimens accorded treatment A 
were struck off flush in the usual manner as the molds were filled. 

It will be recalled that the 2 by 2 by 4-in. prisms were cast in two gangs of 24 
compartments each. At each pouring these two gangs were filled at the same time 
by alternating the scoops of material in the filling process. One gang was struck 
off flush at the time of filling and the other was heaped and struck off later. In all 
cases every precaution was taken to insure that similar material went alternately 
into the molds that were finished flush and those that were heaped. 


3x6 in. Control Cylinders | | 
4000 - Roman numerals refer to the batch number 
0 A specimens (finished flush as cast) 
* Bspecimens (heaped and struck off flush 
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Fic. 4.—Results on 28-day Tests of Control Specimens. 


Again the results were not according to expectations. As is apparent in the 
tabular record, there appears to be no consistent difference in strengths obtained 
from specimens accorded treatment A (those finished flush) and those accorded 
treatment B (those heaped and struck off later). 

A digression was made into the field of the modified cube method for obtaining 
compressive data from fragments of beams.? 

Figure 3 shows diagrammatically the different types of modified cube tests 
which were made. In all cases the specimens were tested under a carefully centered 
spherical head as in the other compression tests.’ 


1 For some of the batches the scrapings from the “‘B" specimens were vigorously remixed (by hand with 
a trowel) and were cast into 3 by 6-in. cylinders and briquets. The casting of the scrapings occurred from 
1.6 to 5.6 hr. after mixing started and from 0.3 to 2.3 hr. after the casting was completed. ‘The heaped speci- 
mens of batches Nos. II and IV were scraped before initial stiffening had occurred and these specimens gave 
strengths comparable with those of the regular specimens. The other specimens cast from the scrapings were 
distinctly weaker. Batch No. V was scraped 5.5 hr. after mixing (3.7 hr. after casting) and the scrapings were 
too stiff to mold. : 

2 L. H. Koenitzer, “‘ Proposed Method of Making Compression Tests on Portions of Concrete Beams from 
Flexure Tests,’ Proceedings, Am. Soc. Testing Mats., Vol. 34, Part II, p. 406 (1934); also Bulletin No. 34, 
Engineering Experiment Station, Kansas State College (1935). 

3 The strength from the modified cube tests were practically identical with those from the regular cube 
tests and differed little, therefore, from the results of the prism tests. Of striking interest is the fact that all 
of the four types of test shown in Fig. 3 gave eaual strengths with average deviations of about 5 per cent fora 
total of 12 tests at 28 days and 26 tests at 7 days. These findings are timely since they indicate that com- 
pressive strengths from cubes, prisms, and prisms as modified cubes are virtually the same. If, therefore, thc 
prism were to replace the cylinder as the conventional compressive specimen, strengths from any of the three 
types of test would be directly comparable. Strengths obtained from fragments of tested beams would not 
require the use of a reduction factor as they now do to translate them into equivalent cylinder strengths. 
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A number of control features were introduced in addition to the observations 
of slumps and unit weights of the freshly mixed batches, which are recorded in Table I. 

The most important of these was the casting of seventy-two 3 by 6-in. cylinders, 
61 of which were tested at 28 days and 11 of which were tested at 7 days (Table II). 
The control cylinders were cast at intervals as the molding proceeded. A few (usually 
six) were the first specimens cast. Another set of six was cast at about the middle 
of the casting period and a third set near the end. The briquets and some of the 
cubes were cast at similar intervals. The plotted strengths for all the 28-day 3 by 
6in. cylinder tests and also 28-day strengths for the briquet tests appear in Fig. 4 
and indicate clearly that within the casting period there was apparent no tendency 


TABLE II.—ALLOCATION OF SPECIMENS. 


Batch Number and Casting Method 


Description Age, | On No. II | No. III | No. IV 


Be 
3 11 


Matin Tests ConrTROLS. 


side 
_ side 
Cylinders, 2 by 4-in Sei end 
Cylinders, 3 by 6-in. (controls) aie end 
Cylinders, 6 by 12-in. (controls) side 
Briquete (controls) side 


SupPLEMENTARY 


side 
side 
end 
end 
side 


MISCELLANEOUS 


ubes capped (tested vertical) end 
7 


Cubes capped (tested vertical) end 
Cubes capped (tested on side) side 


* Finished flush in usual manner. 
* Heaped and struck off flush within 3 hr. after casting (see Table I). 


for specimens either to increase or decrease in strength as the time between mixing 
and placing increased. The results from the control cubes and from all three types 
ifspecimens at 7 days give the same indication and are not reproduced because Fig. 4 
sso thoroughly representative. ‘This finding is in accord with earlier results obtained 
°y Gonnerman! and by the author? and is counter to apparent indications noted by 
‘later and Walker. In another hour or two there could be expected a distinct reduc- 
‘on in strength whenever it became necessary to break up the initial set of the mortar 
norder to mold it. This was indicated by lower strengths obtained from specimens 
4st from the residue that was scraped from the B specimens as an unreported 
onnaissance. 
On the other hand, if there were appreciable evaporation from the batch as it 
1 throughout the casting period, it goes without saying that correspondingly 


B, H. F. Gonnerman and P. M. Woodworth, “Tests of Retempered Concrete,” Proceedings, Am. Concrete 
tt. Vol. XXV, p. 361 (1929). 

, wiscussion by H. J. Gilkey of above paper, p. 380. 

_'W. A. Slater and Stanton Walker, “Report on Field Tests of Concrete Used in Construction Work,” 
“eedings, Am. Soc. Civil Engrs., Vol. LI, No. 1, January, 1925, p. 32. 
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higher strengths should be obtained with the lapse of time (barring other compen- 
sating factors). To check this point, two 10-lb. lots of mortar from batch No. y 
were placed in ordinary 10-qt. galvanized iron pails which were weighed and set to 
one side at the beginning of casting. One pail was covered with a moist cloth ar 
the other was left exposed to the air of the laboratory which was 85 F. (see Table | 
Upon reweighing 5.5 hr. later both lots had stiffened decidedly and a little free water 
remained on the surface of each. The covered pail had lost no weight and the oper 
pail had lost 0.03 lb. While even this small amount represents 2.4 per cent of t 
total water present in the 10-lb. lot of mortar which would amount to a strengt 
differential of about 125 lb. per sq. in. at 28 days, the 5.5 hr. period of exposure vy 


more than three times the length of the casting period for the batch (1.8 hr. see Table] 
and it is apparent that for these conditions the effect of evaporation from the mixer 
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TABLE III.—MEAN STRENGTHS—ALL BATCHEs. 


Standard 


Batch | Batch | Batch | Batch | Batch | Weighted} Deviation 
No. I | No. II |No. III} No. IV| No. V | Average 


Per 
cent 


| 6 | 7 | | 9 


Main Tests anp Conrro.s. aT 28 Days. 


side 
side 
Cylinders, 2 by 4-in end 
Cylinders, 3 by 6-in. (controls) 28 | end 
Cylinders, 6 by 12-in. (controls) end 
Briquets (controls) 28 | side 


Supp: 


side 2860 | 2870 
Prisms } side 2910 2770 
Cylinders, 2 by 4-in | 7 | end 2 2620 | 2410 
Cylinders, 3 by 6-in. (controls) end at HS 

trols 7 | side 340 340 


MISCELLANEOUS Tests 
Cubes capped (tested vertical) | 


Cubes capped (tested vertical) 
Cubes capped (tested on side) 


Remarks: Cubes of Line 14 similar to cubes of Line 7 except for cap on one side as tested. 


drum during casting can be accepted as negligible. The surface-volume ratio was 
slightly greater for the material in the pail than for that in the mixer drum from 
which the evaporation should have been relatively less. Thus for indoor exposures 
under conditions of still air and average humidities a batch of mixed concrete or mortar 
can remain exposed for the full plastic range of time with little alteration in its water 
cement ratio because of evaporation. If spread out rather thinly in a shallow pat, 
or with greater circulation of air, evaporation might be expected to assume greater 
importance. Actually, for the rather fluid mixture of these tests, evaporation had 
extracted no water from the mortar since there was still present on the surface some 
of the free water that had gathered from the natural sedimentation or plastic settling. 
Eventually this free water would all have returned to the interior of the mortar 4 
drawn upon for hydration, which phenomenon has been observed experimentally and 
discussed elsewhere.1 With a leaky container it is apparent that loss from leakage 


1 Discussion by H. J. Gilke of paper by F. R. McMillan, ‘Suggested Procedure for Testing Concrete in 
Which the Aggregate Is — Than One-Fourth the Diameter of the ylinders,” Proceedings, Am. Soc. Testing 


Mats., Vol. 30, Part I, p. 530 (1930). 


TABL 


| 
Je Cubes. 
Cylinde 
Cylinde 
Briquet 
Average 
| Deseription Age, | Tests 
days Cylinde 
i Briquet 
4 Average 
1 No 
for allt 
0 | 6640 | 6370 | 5930 | 6300 | 6260 || 454 | 7.2) 240 of Ty 
0 6880 5960 5720 6020 6070 610 10.0 | 178 
i 4880 | 5810 | 5420 | 5090 | 5650 | 5350 | 427 8.0] 96 
5340 | 5670 | 5330 | 5360 | 5770 | 5520 || 302 | 5.5) él 
? 5280 | 5820 | 5140 | .... | 5300 | 5400 | 307 | 5.7) 7 
i 460 | 500 | 480 | 460 | 460 470 67 | 14.3 | 10 
NTARY Tests aT 7 Days 
: 3110 | 2980 82 | 2.8] 30 
2810 | 2860 || 296 | 13.5) 18 
| 2800 | 2650 || 192 | 7.2] 1 
| 2300 167 | 6.0) Il 
j 29H, 330 29 62 
{ 
| 0 | 426 | 7.51 
j 0 | 274 | 10.5) 8 
0 |215 | 72) 4 
= uDes 
= 
Cylinder 
Cubes 
tide). 
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TaBLE 1V.—BATCHES COMPARED ON BAsIS OF PERCENTAGES OF MEAN STRENGTH FOR 
Main TESTS AND SUPPLEMENTARY 7-Day TESTS. 


Batch Number 


ngth 
(100 percent)] I II Ill | IV 
6 


ror Main Tests ConTRoLs. TesTep aT 28 Days, 


side 5.5 106.1 
2 by 4 108 
indera, 2 by 4-in en 6 
Cylinders, 3 by 6-in. (controls) end 5 -7 |102.7 
Cylindere, 6 by 12-in. (controls) end 8 |107.8 
trols) side .9 1106.4 


£8: 


ceo: 


ENTAGES FOR SUPPLEMENTARY TESTS AT 7 


side 
Prisms side 
Cylinders, 2 by 4-in end 
Cylinders, 3 by 6-in. (controls) - 
side 


BS: SSS 


97.0 
100.9 
Norgs.—Column 11 is the mean of the deviations (from 100 per cent) of the preceding columns, weighted according to 
oumber of specimens in a batch (see Table II). These are deviations of batch averages expressed as percentages of mean strengths 
for all batches. For the standard deviations of specimens within the batches and for the averages of these for all the batches 


se Table VII. The standard deviations for all specimens of a kind, regardless of batch boundaries, are given as columns 10 and 
ll of Table III and as columns 6 and 7 of Table IX. 


aw: 


TABLE V.—ALL MEAN STRENGTHS WITH BATCHES SUBDIVIDED TO 
SHow EFFECT OF HEAPING. 


Batch Number and Casting Method 


Age,| O No. Il | No Ill No. IV 
days 


Ae} B® | Be] Ae] Be 
er 


Description | Test 


Marin Tests AND Controis. TesTep aT 28 Days. 


side 6650 6350 |6400 |5930 
side 45570 6910 6070 |5850 |5720 |.... 
880 6000 5500 {5330 |5030 |5140 
260 5690 5440 [5220 |5360 |.... 


5840 4880 |.... |... 
Briqueta (controls) 28 | i 470 480 | 460 |... 


LEMENTARY 7 Days 


‘ide |: 2850 
2030 
rine y4in.......... 0 |2740 |24 
ylinders, 3 by ntrols) 
340 


MISCELLANEOUS 


5840 (5530 


+ Finished flush in usual manner. 
Heaped and struck off flush within 3 hr. after casting (see Table I). 


QO. \ 
Test | Cast | Total| Weigl Average 
and Description Age, | On | Tests Aver ____} Deviation, 
| ; days per cent 
vater 1 zg 3 4 10 11 
PeRcen 
the 
100.6} 3.7 
ngth 99.2] 5.9 
Was 105.6) 6.2 
104.5) 3.6 
Ne 98.1 4.5 
nixer 97.9 2.6 
Days. 
30 2980 100.0 | 98.3 | 96. 104.4} 2.8 
1 18 2860 89.2 |115.0 |101.: 98.2 7.0 
14 2650 83.0 1102.3 | 98. 105.7 6.4 
iz 
240 
178 : 
96 
él 
| 
Weighted 
No.v | Averages 
Ae | Ae | Bo 
— | 1 12 | 13 14 16 16 
B 
8 
380 16240 6170 16380 |6260 
200 |5840 16070 16090 |6070 4 
Ylinders, 2 by 4-in..........| 28 540 15840 15400 [5290 |5350 
was jlinders, 3 by 6-in. (controls) | 28 900 |5640 15570 |5460 |5520 
.... | 470 | 460 ] 460 | 480 | 470 ; 
nortar 
water 2870 |.... |3220 3000 2990 |2980 
y pan, 2770 |.... |3000 |2620 2860 |2860 
2410 |.... |2810 |2800 |2630 |2650 
rea |e... 92850 12750 12800 
n had 7 | 340 |.... | 320 | 320 } 330 | 330 | 330 
> some 
ttling. ba capped (tested ver-| _ 
ac P| tested ver- 
ly and bes capped (tested ver- 
pakage Wet capped (tested on 
ie 13180 |2810 13000 
ncrete 10 
| 
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would have exceeded the evaporation in this instance. The relative unimportance 
of the evaporation is in line with similar unpublished tests made a number of years 
ago under conditions even more favorable to evaporation losses than were these. 

All specimens were weighed as removed from the molds and as tested. In addition, 
the seven 6 by 12-in. cylinders were weighed as cast and at other intervals. ‘The 
weights at test (reduced to unit weight in pounds per cubic foot) are representative 
and are recorded in Table VIII. While the deviations are not shown for the weights 
it is evident at a glance that the extreme range is scarcely 2 per cent and the average 


TABLE VI.—RESULTS FROM HEAPING—PERCENTAGES OF MEAN STRENGTHS FOR Main 
TESTS AND SUPPLEMENTARY 7-Day TESTs. 


Batch Number and Casting Method 
Weighted 
Test Average per cent. 
Description | Age, | ©ast | Total) Strength | No. I No.II | No.III | No.IV | No.V 
days| °2 Tests (100 
per cent) p 
A*| B®} Bo | Be] Bo] Bo Bo lAand 
1 6 8 | 9 0 | 12 | 13| 14 | 16 17 18 
Percentages FoR Main Tests anp Conrrois.. Testep aT 28 Days. 
Cubes..........| 28 | side |240 6260 3.0 94.7|....|101.9) 99.7]4.8 | 2.4] 3.8 
28 | side 6070 91.8) 96.4) 94.2)....|102.1) 96.215.8 | 7.2) 6.3 
Cylinders, 2 by 
4-in..........| 28 | end | 96 5350 $91.2) 99.6) | 5.1 | 6.0 
Cylinders, 3 by 
6-in. (con- 
28 | end | 61 5520 95.3) 98.2/103.1/102.2| 98.5) 94.6) | 3.1} 3.6 
Cylinders, 6 by 
12-in. (con- 
28 | end 7 5400 96.7) 90.4) ....). 98.1) ....15.8 | 6.0 | 4.6 
Briqueta (con- 
| 28 | side |100 470 97.9/2.0 | 3.5 | 2.7 
Average per- 
tages...... 93.6) 98.7) 94.8)96.1 102.9 99.5/4.8 | 3.2) 4.1 
PercenTaGes FoR SuppLEMENTARY Tests aT 7 Days, 
7 |side | 30 2980 97.0)102.7| 96.3)100.3) 96.3) 95.6 96.31... 108 .0)100.7/4.8 | 1.6 | 3.5 
7 |side | 18 2860 88.1) 96.8]....|104.9| 91.6)6.7 |10.0 | 8.1 
Cylinders, 2 by 
4-in..........| 7 |end | 14 2650 83.4) 82.3)107.5| 96.6)103.4) 94.0) 90.9)... ./106.0)105. 7.4 
Cylinders, 3 by 
6-in. (con- 
Briquets (con- 
trols)........ 7 |side | 62 330 97.0) 97.0)115.1/ 100.0) 103 103 103.0 97.0) 97. 5 | 2.6] 3.6 
Average per- 
tages ..... 95.6) 99.2/3.8 | 1.8 | 2.9 


Nores.—Columns 16, 17 and 18 are means of the deviations (from 100 per cent) of the preceding columns, weighted 
according to number of specimens in a batch (see Table I). 

See notes under Table IV for further explanation and references to other deviations. 

* Finished flush in usual manner. 

> Heaped and struck off flush within 3 hr. after casting (see Table I). 


deviation is therefore very small and much less than the percentage range in strengths 
obtained. It is scarcely to be expected that deviations so slight should bear any 
discernible relationship to the strengths obtained. The statistical study of the weight 
data indicates that little if any correlation does exist. Doubtless the conclusion to be 
drawn is that the small deviations noted were due in part to minor differences between 
the actual and assumed sizes of molds (and specimens) and partially to minor differ- 
ences in the distribution of aggregate throughout the batch. Some specimens doubt- 
less had a slightly higher-than-average ratio of sand to paste which would tend to 
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increase the unit weight without necessarily altering the voids-cement or water- 
cement ratio. As an illustration, a concrete of a given water-cement or voids-cement 
ratio will have a unit weight considerably above that of its mortar of the same voids- 
cement or water-cement ratio.! Thus as an indication of uniformity these unit weight 
data are useful and satisfying, but beyond this they are probably not significant. 

As an additional cross-check upon uniformity, stress-strain data were taken for 
all 28-day tests of 3 by 6-in. and 6 by 12-in. cylinders. These were obtained without 
stopping the testing machine or altering the rate or manner of loading in any way 
and showed that the stress-strain characteristics are very similar for all the specimens. 


TaBLE VII.—RESULTS FROM HEAPING—STANDARD DEVIATIONS EXPRESSED AS PEk- 
CENTAGES AND COMPARED FOR MAIN TESTS AND SUPPLEMENTARY 7-Day TESTs. 


Batch Number and Casting Method¢ Average 
Standard 
Deviation, 


No. III | No. IV | No. 


per cent) 
Ae 


14 


DEVIATIONS FOR Man Tests AND CONTROLS. Days. 


| 


liners, 2 by 4-in. 
inders, 3 by 6-in 
viinders, 6 by 12-in. . 

Bri riqueta. . 

per “cent devia- 


o w > 


PercentaGe De 


7 | side 4) 0.1 
7 |side 
7 | end 
7 |end i} 8.6] 2. 4 
7 7.3 0 


side 4 


Norzs. —Columns 16, 17 and 18 are the averages of the deviations listed in the preceding columns weighted according to 
cunbers of specimens represented. They are therefore the averages of the deviations within the respective batches expressed 
po es of weighted average strength for all batches. Note that the standard deviations for all specimens of a kind, 

batch lines appear in Table III, columns 10 and 11, and alsoin Table IX, columns 6 and 7. 


Finished flush in usual manner. 
> Heaped and struck off flush within 3 hr. after casting (see Table I). 
*Arule (—) = no specimen; X = A single specimen (no deviation). 


As a final check on uniformity and repeatability, another operator (with an 
ntirely different laboratory background) conducted some parallel tests. The same 
equipment was used and presumably the same specifications were followed. The 
‘pecimens were fewer in number and some of the observations recorded in batches 
Nos. I to V were not noted for these tests which will be referred to as batches Nos. 
land VII. Excellent quantitative agreement is indicated except for the cube 
‘trengths which are much above those obtained in the main tests both at 7 and at 
Sdays. It seems possible that the cubes were p _ied into the molds more thor- 
uughly than were the other specimens. At least, no other explanation is apparent. 


_' The aged will, other .% being i have a strength not only equal to but in excess of that of its 
. pager by H. ilkey, Aggregate in Concrete as a Field for Needed Research,” 

voncrete Vol. XIII, 376, 377 (1927). 


| 
nce 
ion, 
lhe 
tive 
rage 
[AIN 
0, 
Weighted 
Test | Cast | Total] Average / 
Description Age,| on | Tests} Strength | N 
days (100 
2, 
Bo A@ | B® |Aand 
9.5) 5.4] 5.3] 5.3 
6.0 28 |side {178 6070 4.4) 3.7] 6.5) 5.5 4.2) — | 4.2] 6.5] 4.8) 5.6] 5.1 
28 | 96 5350 5.8] 7.5) 5.9] 9.3 6.3) 5.6] 5.0] 5.0) 5.2) 6.6] 5.8 
28 |end | 61 5520 9.5) 4.7] 3.9] 3.5 2} 3.8) — | 1.9) 2.1] 3.9] 3.2] 3.6 os 
3.6 | 28 | end 7 5400 Xe} X |X] xX Fx} x] xX | 
28 | side {100 470 13.0) 7.4) 6.6 4) 4.5) — | 7.2) 8.18 8.1) 7.7) 7.9 
4.6 5.4) 5.8) 5.8 5.6) 4.7) 7.49 5.5) 5.7) 5.6 
| NS FOR SUPPLEMENTARY Tests AT 7 Days. 
| 2.4) 2.1) — |11.4] 6.5] 8.3] 5.2) 6.7 
10.1] — | 5.9] 5.8] 5.5] 2.5] 4.5 
Cylinders, 2 by X | — 1.5] 2.69 1.5] 2.6) 2.1 
Cylinders, 3 by 6-in...... 3.6) 7.3] 6.7 
| Briquets........ 6.4) — | 5.2] 8.81 6.4] 7.3] 6.8 
) 8.1 Average per ce | 
6.7)| 6.0 
412.2 
5 | 3.6 
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Except for the cubes, the extreme ranges for slump, unit weights, and strengths at 
both 7 and 28 days fell within those for batches Nos. Ito V. It seems reasonable to 
conclude that different operators can attain good agreement even though the tech- 
nique is strange and their laboratory backgrounds differ widely. Batches Nos. VI 
and VII are treated more fully in the paper on the statistical analysis of these results, 


RESULTS OBTAINED AND DISCUSSION OF THE DATA 


1. There developed no inherent or fundamental objections to the use of the 
multiple-specimen batch. The precautions and control features that were introduced 
seem to have accomplished the results desired of them. No lack of uniformity from 
either imperfect mixing or from segregation is in evidence from slumps, unit weights 
or strengths obtained. Standard deviations for the strengths of similar specimens 
both within a batch and between batches fall well within values that can be expected 
for well-controlled laboratory work in the field of portland-cement mixtures. 


TABLE VIII.—ReEsuLTs From HEAPING. MEAN 28-Day Unit WEIGHTS FOR 
TYPE OF SPECIMEN. 


Batch Number and Casting Method 
Weighted Averages 
Description No. I No. II No. II No. IV No. V 
Aand 
Ae Be Be Ae Be Ae Be Be Ae B> | Bae 
1 | | 38 

Cubes, Ib. per cu. ft........ 143.0 |144.0 |142.1 |145.5 |142.6 |144.3 |141.6 |..... 142.4 |142.4 1142.1 |144.0 |143.0 

Prisms, |b. per cu. 145.2 |145.6 |146.4 |147.6 |146.8 [145.8 [144.9 |..... 146.0 |144.5 9145.9 [145.9 [145.9 

Cylinders, 2 by 4-in........ 141.5 {141.7 |143.3 [144.6 |142.8 |143.0 |142.9 |143.0 |141.9 [142.5 9142.8 |143.0 |142.9 

Cylinders, 3 by 6-in 141.7 |142.3 |143.3 [143.4 |143.0 |143.4 |142.9 |..... 142.0 |142.4 143.2 |142.9 {143.0 

Cylinders, 6 by 141.7 {142.4 |143.7 |144.8 |143.2 [143.7 |..... ]..... 142.2 {143.9 1143.0 

Briquets (weight, g.)........ 148.2 {148.6 1146.6 |150.5 |148.7 |148.3 [149.0 |..... 146.1 |146.6 9147.9 |148.2 |148.0 
Weighted averages (except 

[143.9 |143.8 |145.9 |144.5 [144.2 [143.1 |143.0 |143.2 [143.1 9143.8 [144.1 [143.9 


Nores.—All specimens saturated. Unit weights computed on basis of nominal mold dimensions. All molds of a kind were 
very uniform in size and dimensions which were close to the nominal. Comparative weights of specimens of a kind are more 
nearly valid than between different types of specimens. 'The close agreements indicate little probable variation in either mold 
dimensions or in the true unit weights. ee eee 

Finished flush in usual manner. 

» Heaped and struck off flush within 3 hr. after casting. (See Table I, Line 9.) 


2. The plotted 28-day 3 by 6-in. cylinder and tensile briquet control specimens 
(see Fig. 4) which were molded at intervals during each casting period indicate no 
discernible tendency toward variations in weight or strength with the time elapsed 
between mixing and placing up to the time of initial set which for the materials and 
conditions of these tests was about 4hr. In no case did the casting period for regular 
specimens exceed 2.6 hr. Unplotted control cubes tested at both 7 and 28 days and 
briquets tested at 7 days gave like indications. The evidence from slumps and from 
the unit weights of both the plastic and the hardened material support the indica- 
tions from strengths of the control specimens. 

3. For the conditions of these tests (indoors, still air and material not sprea¢ 
out unduly) the reduction in water-cement ratio from evaporation was found to be 
inconsequential for periods which were in excess of that required for casting. 

4. There were practically no differences between the batches as judged from 
slumps and unit weights of either the plastic or the hardened concrete, but there were 
consistent differences in the relative strengths as shown in Table IV. The order of 


1H. W. Leavitt, H. J. Gilkey and W. M. Dunagan, “Analysis of Data on Comparisons of Three Types of 
Mortar Compression Specimens,” not yet published. 


| 
| 
| batch 
| | ind I’ 
than 
to the 
relativ 
| | nowev 
Nos. I 
5. 
averag 
| averag 
| : 6. 
| the dif 
ane 
Table 
> 
| 
| Cube 
. { ube capp 
ube... 
| ube capp 
Ue Capp 
mew] 
. day: 
viatic 
atch 
able ] 
days 
nd the 
“eviatic 
‘uthors 
omity 
results 
results 
H mpre: 
| 
Mpres 


GILKEY AND LEAVITT ON MORTAR COMPRESSION TEST SPECIMENS 295 


patch strengths was IT, V, III, IV, I, with batches Nos. V and III nearly identical — 

and IV and I almost the same. Batch No. II stands out as considerably stronger 

than any of the others. This difference might or might not have been due in part 

to the difference in mixing technique which was detailed early in the paper. The 
relative weakness of batch No. I is hardly attributable to its difference in mixing, 
however, since batch No. IV is very similar to No. I but was mixed exactly as a 
Nos. III and V. 


5. The strengths of batches range (Table IV) from 95 to 108 per cent of the 7 
average batch strengths at 28 days and from 96 to 105 per cent at 7 days. The 
average percentage deviations are 3.8 and 2.7, respectively. . 

6. The average percentage standard deviations (coefficients of variation) rll ; 
the different batches (Table VII) range from 4.5 to 7.9 at 28 days and from 4.7 to 
7.1and 7 days with average values of 5.6 and 5.8, respectively. 

7. When all specimens of a kind, regardless of batch boundaries, are considered 
Table III, columns 10 and 11), it is apparent that the deviations for the prisms are 


TABLE I[X.—SUMMARY OF RESULTS AND COMPARISON OF SIMILAR SPECIMENS 
FROM ALL TESTs. 


Standard Mean Strength as percentage of 
Mean Deviation® 
Description 


Cylinder, | Specimen, 
Lb. per| Per | C Prism | 2 by 4-in. | Same Kind 
. in. | cent 


3 


Co 


end 
side 
side 
end 
side 
“ylinder, 2 by 4-in. ‘ end 
vlinder, 3 by 6-in : end 
vlinder, 6 by 12-in end 
rlinder , 2 by 4-in end 
6-in end 
side 


==. 


— 


‘Standard deviations for all specimens of a kind regardless of batches. 


ewhat above those for any other type of specimen (except for the briquets at 
sdays). This, coupled with the fact that within batches (Table VII) the standard 
lations for the prisms are below those for the cubes, indicates that the different 
tch averages for the prisms had a greater spread than did those for the cubes. 
ble IIT shows this with a range of batch averages for the cubes of 5930 to 6640 at 
‘days and averages for the prisms from 5570 to 6880. No reason for this is apparent 
ad the question may appropriately be raised whether this relatively high standard 
‘eviation for the prisms should be accepted as significant or merely accidental. The 
thors are inclined to place the greater emphasis upon the evidence of high uni- 
mity within batches. The answer then to the question of relative uniformity of 
its from the three different forms of test specimen cannot be given fully from the 
‘sults of these tests. It may be stated, however, that none of the three types of 
mpression specimens had standard deviations which were abnormally high. 
8. As a measure of batch excellence the briquet displays little discrimination. 


@ferences between batches are much less apparent than when results from 
pression tests are compared. 
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9. For these tests at 28 days the relative cube, prism and cylinder strengths are 
1.03, 1.00 and 0.88. At 7 days they are 1.04, 1.00 and 0.92. The ratios of 2 by 4-in, 
cylinders to cube strengths are 0.855 and 0.889 respectively for the 28 and 7-day 
tests which are in reasonable agreement with the usually accepted ratio of 0.85 (sec 
Table IX, columns 8 and 10). 

10. As media for rating the relative excellence of batches, the cubes, cylinders 
and prisms all agreed closely with the mean rating of II, V, III, IV, I, for order of 
strengths both at 28 and at 7 days. The prisms and 2 by 4-in. cylinders agreed 
exactly with the mean rating at 28 days and the prisms were also in the best agree- 
ment at 7 days. The indications are such that any of these three types of specimen 
can be considered satisfactory as a quality measure. 

11. All three sizes of cylinders agreed closely with one another in strength. 
The 2 by 4-in. cylinders were slightly below the other two sizes at both test ages, 
Relative strengths are 1.00, 1.03 and 1.01 at 28 days for 2 by 4-in., 3 by 6-in. and 6 
by 12-in. specimens, respectively. There were 7-day tests on 3 by 6-in. cylinders 
for two batches only and no 7-day tests of 6 by 12-in. cylinders (Table IX). 

12. Cubes capped and tested vertically as cast had only 0.91 and 0.87 of the 
28-day and 7-day strengths, respectively, of the cubes which were tested on their 
sides as cast. (See Table IX, columns 8 and 11.) This apparent weakness was a sur- 
prise but is probably a correct indication. The friction developed by a spherical bearing 
block at relatively low loads prevents it from tilting after a test is under way. Bené- 
ing, due to eccentricity of resistance (from lack of lateral homogeneity of a side-tested 
specimen) can be developed only as the block is able to tilt as the more flexible side 
of the specimen yields. On the other hand, for the vertically tested specimen, the 
weakest cross-section (the top as cast) occupies the entire area. Thus, the strength 
of the side-tested specimen is the average strength of the material from top to bottom 
whereas the strength of the vertically tested specimen is the strength of its weakest 
layer, presumably the top as cast. This explanation receives added support from the 
fact that prisms are stronger than the cylinders. The heights are the same and the 
corners of the prism certainly cannot strengthen it in comparison with the favorable 
circular cross-section of the cylinder. The sole pertinent difference seems to lie in 
the orientation at test in relation to that as cast. Comparative tests with crossed 
knife edges instead of a spherical bearing block should produce the necessary eviden 
to check the validity of the explanation offered, since knife edges could adjust them- 
selves at all stages of the test. Such additional tests should be made. 

13. The effect of a thin cement cap on the strength of a side-tested specimen 
(cap on side as tested, top as cast) is apparently negligible (Table IX). This is 4 
would be expected. 

14. Heaping alternate molds and striking off the excess material from one t 
three hours after casting apparently had no effect whatever on the average strengths 
developed by any type of specimen. It was suspected that such might act as a sprut 
to absorb the effect of water-gain, leaving the material below the sprue more homo- 
geneous. The negative evidence obtained seems to be definite and conclusive. 

15. The unreported supplementary tests (termed batches Nos. VI and VII) # 
which a portion of the program was duplicated by an operator who had an entirely 
different laboratory background gave extreme ranges for slumps, unit weights an¢ 
strengths for prisms, 2 by 4-in. cylinders, 3 by 6-in. cylinders and briquets that fel 
entirely within those obtained for batches Nos. I to V.1. The 28-day tests include 


1An unexplained discrepancy is the fact that sixty-three 28-day tests and a number of 7-day tests ® 
cubes cast from the same batches gave strengths that were abnormally high and quite out of line with the 
tests of both operators. It seems probable that unconsciously the cubes may have been puddled undul 
& corresponding extraction of water from the mixture and a lowering of the true water-cement ratio. 
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éin. cylinders and 18 briquets. There were also a number of each type of specimen 
which were tested at 7 days. 

This additional evidence seems to demonstrate the possibility of duplicating 
results within a narrow margin for these several types of specimens. 


CONCLUSIONS | 


For the conditions of these tests the following conclusions can be offered: 

1. The prism is an entirely feasible substitute for either the cube or the cylinder. 

2. The strength of the prism was only slightly less than that of the cube which 
makes it from 10 to 15 per cent higher than that of the cylinder. 

3. Contrary to expectations, cubes capped and tested vertically as cast were 
not stronger than companion specimens tested on their side. For these tests, 
the vertically tested cubes had strengths of 87 and 91 per cent at 7 and 28 days respec- 
tively. Tentative explanations have been offered. 

4, The heaping or overpouring of specimens with a subsequent striking off before 
inal hardening as a possible means of eliminating water-gain gave purely negative 


sixty-two 2 by 2 by 4-in. prisms, twenty-three 2 by 4-in. cylinders, nineteen 3 : 


‘ 
5. Used with reasonable control measures and precautions against segregation, — Ces | 


results. Apparently the manipulation had no consistent effect upon the strength of 

a Sur ny of the several types of specimens. 
-aring 
Bend- & the multiple-specimen batch offers a satisf actory method for fabricating large numbers 
tested duplicate or similar specimens, with a considerable reduction in total time and 
e side abor involved. 
n, the 6. Were the prism to be adopted as the standard compression specimen, the 
ength atum of reference for compressive strength would be elevated from that of the 
ottom @ winder to virtually that of the cube. Tests from prisms, cubes, and prisms tested 
eakest Hf ss modified cubes should supply equal strengths. Where flexural tests are used, 
a “ parate compressive specimens would not be required in order to obtain compression 
1d the ita 
orable 1, The prism seems to be fully as sensitive as a quality measure as is either the 
le in nder or the cube and its indications are in agreement with those from these two 
= of specimens. The briquets of these tests failed to emphasize batch differences. 
idence 
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APPENDIX II 


METHODS OF TEST FOR DETERMINING VOLUME CHANGES IN 
CONCRETE 
Raymonp E. Davis! 


This report describes briefly various methods now in use for determining volume 
changes in plain concrete and states the test conditions to be considered by the con- 
mittee in formulating a standard method of test. 

With few exceptions,? investigators have determined ‘volume change” in terms 
of length change, and this practice is followed herein. Length changes are of direct 
use to engineers. 

For most purposes, it is desired to know the volume change of concrete rather than 
that of mortar or neat paste. However, usually it is not practical to test concrete 
specimens of size comparable to that of structural elements; and for research purposes 
the tests are made either on mortar specimens or on small concrete specimens con- 
taining aggregate of smaller maximum size than that generally used in structures. 
As the amount of volume change depends greatly upon the size and type of specimen, 
such tests do not render absolute values; but the comparative values they afford are 
entirely satisfactory for comparisons as between cements, aggregates, mixes, or other 
variable factors. For a given structure, measurements to determine volume changes 
of standardized laboratory specimens would yield information regarding volume 
change analogous to that regarding strength which is provided by compression tests 

on standard cylinders. 

Measurements of volume change are complicated (1) by the relatively large 
early movements occurring while the concrete is in a plastic or semi-plastic condition, 
and (2) by the difficulty of recognizing the point in the hardening period at whici 
volume change becomes of practical moment, in order to make an initial measurement! 
for reference. For determination of contraction upon drying, measurements af 
further complicated by the necessity for initial wet-curing (which may be merely 
retention in the molds for one day, or may be extended storage under moist conditions 
before drying conditions can be applied. Restraint due to adhesion of the specimen 
to the mold, and internal stresses due to the fact that variations in temperature an° 
moisture must progress inward from the surface are also factors. 

In 1931 a survey was made of testing apparatus and testing methods employe 
by 19 investigators to determine volume changes.* The survey revealed a wile 
variety of concrete and mortar mixtures, sizes and shapes of specimen, kinds of mold, 
periods and conditions of curing, ages at first or base reading, and methods of obser’ 
ing length. Further study of recent work on volume change indicates an even great" 

variety of methods today. 


1 Professor of Civil Engineering, In Charge of Engineering Materials Laboratory, University of Cab 
fornia, Berkeley, Calif. 
2 Dilatometers have been used by Neville and Jones, Larmour, Dewey, and others. 


8 Unpublished report by H. F. Gonnerman to Section 8, Subcommittee B, Committee C-1 on Cemet! 


Am. Soc. Testing Mats., May 22, 1931. 
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Test Conditions to Be Considered: 


Volume-change tests may be made for any of the following purposes: 

1. Under a specification limiting the amount of volume change for concrete for 
a given purpose, tests may be made to determine which of the available cements 
exhibit sufficiently low volume change to meet the requirement. In such a case, the 
possibility of using a standard aggregate (of stated type and grading) is suggested. 

2. Under the same conditions as in (1), tests may be made to determine which 
of the available aggregates exhibit sufficiently low volume change to meet the require- 
ment. In such a case, the possibility of using a standard cement (of stated composition 
and fineness) is suggested. 

3. Under the same conditions as in (1), tests may be made to determine the 
proportions of the mix which will best meet the requirement, employing a selected 
ement and a selected aggregate. This case parallels that for compression tests 
covered by the Society’s Standard Methods of Making Compression Tests of Con- 
crete (C 39 33). 

4. Acceptance tests may be made on specimens of concrete sampled from con- 
rete being used in construction. This case parallels that for compression tests 
covered by the Society’s Standard Method of Making and Storing Compression Test 
Specimens of Concrete in the Field (C 31 - 33). 

5. Research tests may be made to determine the effect upon volume change of 
such factors as curing conditions, size of specimen, and shape of specimen. Although 
such tests cannot be fully standardized, the inclusion of tie-in tests according to 


Specimen: 


__ In the 1931 survey it was found that many sizes of specimen were in use, as 
indicated by the following tabulation: 


SPECIMEN oF Bars oF CYLINDERS 
Neat cement & by § by 7} in. to 5 by 7 by 24 in 
Mortar Cross-section § by § in. to 6 by 6in.; length 
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y 4in. 
3 by 6 in. to 6 by 12 in. 


Size.—The larger the specimen, the nearer the approach to structural conditions 
tut the greater the difficulties of handling and testing. Further, the larger the 
specimen the more likelihood of internal stresses and cracking. The same limitations 
of size (with regard to maximum size of aggregate) should apply as in the case of 

| compression specimens. 

: ditions Shape-—The bar type of specimen is usually cast on its side, whereas cylinders 

aecastonend. Thus the measurements on bars are made in a direction correspond- 

ing to horizontal movements of structures, which movements are of greater interest 

0 the engineer than vertical movements. 

nploye! Other points of difference between bars and cylinders are with regard to (1) ease 
ie ad uniformity of molding, and (2) relation of volume to surface area, when exposed 

of mol, to drying conditions. 

obser" Specimens in the form of flat plates have been employed to a limited extent. 

1 greate! in apparatus of the dilatometer type, the shape of the specimen is immaterial. 

| _ Gage Points—Contact gage points are preferably of corrosion-resisting metal, 
though glass plates have been used successfully by some investigators. Obviously 

ty of Cae ‘he location and type of gage points will depend upon the measuring apparatus. 
For gage points in the ends of the specimen, investigators favor a convex gage point 

‘eating against plane surfaces of the instrument. 
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For accurate sighting with optical comparators during the early stages of harden. 
ing, generally capillary glass tubes have been employed as gage points. These are 
considered satisfactory. 

Molds.—Metal molds with watertight seams are employed almost exclusively. 
To reduce frictional restraint during the early period of hydration of the cement, the 
interior surfaces of molds are coated with oil or paraffin; some are lined with waxed 
paper, greased paper, or soft rubber. 


Storage Conditions: 


Storage conditions usually include both continuous storage under moist condi- 
tions and preliminary storage (ranging from perhaps 7 days to perhaps 28 days) 
under moist conditions followed by continuous storage under drying conditions, al] 
at normal temperature (70 F.). Variations of these conditions are (1) continuous 
dry storage as soon as the molds can be removed safely, (2) alternations of wet and 
dry storage, (3) storage in sulfate solutions, and (4) storage at elevated temperatures, 
either (sealed) to simulate mass-concrete conditions, or (unsealed) to secure acceler 
ated indications of the volume changes to be expected over long periods of time at 
normal temperatures. 

Control of the relative humidity of the air during dry storage of specimens is 
necessary, as normal differences in atmospheric humidity result in volume changes 
of measurable magnitude. The relative humidity during dry storage is usually 50 
per cent (at 70 F.). Consideration should be given to the possible use of a lower 
humidity in order to accelerate the test. 

Control of the storage temperature is necessary, as this factor influences volume 
changes greatly. If variations occur, a record of temperatures should be kept in 
order that the volume changes due to causes other than temperature may be computed 
by applying corrections for temperature. If curing temperatures other than 70 f. 
are employed (as, for example, in mass-concrete curing), it is common practice t 
refer the measured lengths to the length at 70 F. 

In order to estimate at early ages the probable volume changes occurring over 
long periods of time at normal temperatures, accelerated tests are desirable. Such 
tests could be made in the usual manner, except that storage would be at elevated 
temperatures. ‘The effect of storage at temperatures above normal has been found 
to vary greatly with the type of cement and the period of storage, but it is believed 
that by further investigation suitable conditions can be established that would simu- 
late long-time storage at 70 F. At present, it appears that a period of preliminary 
curing for 21 days at perhaps 100 F., followed by drying for 7 days at perhaps 125 F. 
would yield comparative results indicative of the long-time shrinkage at 70 F. 


Age at First Reading: 


Uncertainty exists as to the dividing lines between (1) mechanical settling or 
compaction of the fresh paste, mortar, or concrete in the mold; (2) more or less 
plastic readjustment of particles during the first several hours; and (3) true volume 
change of the hardened material which would affect the performance of a structure. 

Of fourteen research projects described by Gonnerman, initial readings were 
taken within the first hour in five projects, at 20 hr. in three projects, at 24 hr. 
five projects, and at 48 hr. in one project. Eleven investigators removed the molds 
at the age of 1 day, one at 2 days, one at 3 days, and one at 7 days. 

It appears reasonable that the time of taking the first reading should be made 
dependent upon the cement, or at least upon the type of cement. In comparative 
tests involving slow-hardening and rapid-hardening cements, if the initial reading 
made at a fixed age it is obvious that specimens containing the two cements are 10 
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different stages of development. A fairer basis of comparison would involve an 
initial reading when the specimen had attained a fixed strength, which would be 


considered an indication of its resistance to factors inducing volume change. oO 
Age at Subsequent Readings: ‘ 


As in the case of changes in strength, changes in volume of concrete are relatively 
greater at the early ages (either of curing or of exposure) than at the later ages; hence 
in order to define the continuous age-volume relation it is considered advisable to 
take readings perhaps at one-week intervals during the first month and perhaps at 
one-month intervals after the first month. Acceptance tests will probably set a 


Fic. 1.—Optical Comparator Used by Richart. Specimens 4 by 4 by 24-in. bars. 


limiting value on the volume changes at the age of 28 days, and the standard test 
will be completed at that age. : 


Apparatus for Observation During First Day.—I£ measurements are to be taken 
during the first few hours after casting, usually an optical comparator is employed, 
a specimens may not be handled during the early hardening stage. One type of 
comparator is shown in Fig. 1. Optical comparators have been used by Bogue, 
Davis, Faber, Gonnerman, Pearson, Richart, Scholer and Dawley, Wright and Scofield, 
and others. 

Apparatus for Observation After First Day.—The various types of instrument 
commonly used for taking later readings are as follows: 

1. Strain gage, acting against drilled or punched holes in gage plugs set in side 

7 _ surfaces of specimen; used by Bates, Davis, Gonnerman, Hatt and Mills, 
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Hughes and Levens, Maney, Richart, Shank, U. S. Bureau of Reclama. are m 


tion, Withey, and others. horizc 
2. Dial micrometer in special frame, with dial plunger acting against metal insert propo 
in one or both ends of specimen; used by Abrams, Davis, Gilkey, Gonner. applie 
man, Maney, Pearson, Richart, Slater and Lyse, U.S. Bureau of Reclama. 
tion, and others. gage | 
3. Screw micrometer, bearing against neat-cement caps on ends of specimen, against | 
metal or glass inserts in ends of specimen, or against metal inserts extend. 2. 
_ ing from sides of specimen; used by Bogue, Goldbeck and Jackson, Miller, 
Moore, Thorvaldson, White, and others. One type of screw micrometer 3. 


is shown in Fig. 2. 
4. Optical comparator, the same instrument as used for readings at early age 
used by Pearson, Scholer and Dawley, Wright and Schofield, and other 


Fic. 2.—Screw Micrometer Used by Moore. Specimens 1} by 10-in. cylinders. 


In addition to these types of apparatus, the following are of interest: 

1. The rotating mirror extensometer employed by Glanville and by Faber. Glan- 
ville also uses this type of apparatus in his tube extensometer. 

2. The Peters telemeter, embedded in a specimen or structure, and indicating 


deformation by a change in electrical resistance of a carbon pile; use _ F 
by Gemeny and McCullough, Slater, National Bureau of Standards, at This ty 
others. 


3. The Carlson strain meter, embedded in a specimen or structure, and indicating The chi 
deformation by a change in electrical resistance-ratio of a pair of oppose cylinde; 
coils of steel wire; used by Stanton, U. S. Bureau of Reclamation, U.5 


Setting 

Engineer Corps, and others. Se 

4. The dilatometers used by Neville and Jones, Larmour, Dewey, and others. Pr 
Present usage seems to favor the dial micrometer, acting against gage plug 


centered in the ends of the specimen. Small specimens, weighing up to perhaps 5 lb 
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na- are measured with axis vertical (Fig. 3); larger specimens are measured with axis 
horizontal (Fig. 4). The apparatus shown in Fig. 4 is a diagrammatic sketch of a 
sert proposed adaptation of the author’s method of measuring 3 by 3 by 40-in. bars, 
ner- applied to 6 by 12-in. cylinders. 


ma- For many purposes, the use of the ordinary strain gage is advisable. The strain 
gage has the following advantages: 

inst 1. It is simple to operate. 

nd. , 2, It can be applied to specimens of a wide variety of sizes and shapes, including 

ller, field test beams and actual structures. : 

eter 3. If it is used on 6 by 12-in. cylinders, data on elasticity may be obtained during 


a compression test. 


Fic. 3.—Dial Micrometer Used by Pearson. Specimens 3 by 3 by 4-in. bars. — , 
is type of apparatus (specimen vertical) also used for 2 by 2 by 10-in. bars and 3 by 6-in. 
cylinders, etc. 


the chief disadvantage of the strain gage is that at least 2 gage lines are required (for 
‘ylinders, preferably 3 gage lines). Further, greater difficulty is encountered in 
‘elting the gage plugs in the sides of a test cylinder than in the ends. 

Standard Bar.—Each type of apparatus should include a standard bar. 


- Precision. —It is believed that the purpose of most volume-change tests will be 
2 plugs erved if linear measurements are made to a least reading of 1 or 2 millionths per 
5 5 Ibs ut. Usually it will be sufficient to report results to the nearest 10 millionths. 
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Reporting Data: 

It is believed that the simplest units for the expression of volume changes are 
“millionths per unit of length” or, when it is understood that length changes are 
involved rather than volume changes, simply “millionths.” This unit of measure 
has the advantages (1) that it is independent of the system of measuring units employed 
(metric or English), and (2) that for the materials and mixtures here considered th 
values are convenient whole numbers. Ordinarily, values would be reported to t! 
nearest 10 millionths. 


Items to be Considered in Proposed Standard Methods: a 
Following is a list of items to be considered by the committee in formulating 
proposed requirements for methods of test to determine volume changes in concrete, 
Obviously item 3, ‘‘ Materials and Proportions,” does not apply to field tests unles 
it is desired to make tie-in specimens with standard materials and standard mix. 
1. Specimen (shape, size, ratio of length to diameter, gage length, gage points 


Pedestal Bearings 


_ 
‘on 
‘Contact Point Dial Reading fo; 
0000/in 


; Holes for 
Note: Inserts are stainless stee/ screws 3 1n./ong, Spanner Wrench 


countersunk heads without slots, contact ends 
ground spherically to 2-m.radius and polished. 
Details of Insert 


Fic. 4.—Proposed Dial Micrometer for 6 by 12-in. Cylinders. 


2. Molds (substantial, watertight, size tolerance, material, base and cover plates, 

seams, lining, oiling, suggestions for suitable type). 

3. Materials and Proportions 

(cement composition, fineness, and tests; sand type, grading, and t 
_ coarse aggregate type, grading, and tests; standard materials). 
(proportions of paste, mortar, or concrete). 

4. Method of Molding (sampling, number of specimens, room conditions, prepare 
tion of materials, mixing, workability test, filling mold, compacting 
setting gage points, covering, removal of mold). 

. Curing and Storage (period, temperature, and/or humidity (a) in mol 
(b) in moist storage, (c) in air storage). 

. Observations (initial reading, subsequent readings, precision, apparatus at 
methods). 

7. Supplementary Tests (unit weight, density, and yield). 

8. Report (see the Society’s Standard Methods of Making Compression Tes 

of Concrete C 39 — 33).! . 
9. Alternate Tests (accelerated, etc.). 


11933 Book of A.S.T.M. Standards, Part II, p. 239. 
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REPORT OF COMMITTEE C-10 
ON 


HOLLOW MASONRY BUILDING UNITS 


Subsequent to the 1934 annual meeting, as noted in the annual report 
last year, Committee C-10 presented to the Society, through Committee 
E-10 on Standards, revisions of the specifications and methods of tests 
for hollow masonry building units. The revised specifications and meth- 
ods of tests were accepted for publication as tentative by Committee E-10 
and appear in the 1934 Proceedings. 

The work of the committee since its last report to the Society has been 
confined to problems relating to structural clay tile. The specifications for 
structural clay tile have been reviewed critically to compare them with the 
needs of consumers. Authoritative opinions of consumers were received 
and considered at the meeting of the committee in Philadelphia, Pa., on 
March 7, 1935. Also, representatives of some of the agencies of the Federal 
Government gave their views at a special meeting held in Washington, D. C., 
on March 20, 1935. The committee has been fortunate in receiving the 
cooperation of both Governmental and non-Governmental agencies repre- 
senting consumers. Frank statements of the views of several consumer 
interests have been obtained as to the possible usefulness of tile with thicker 
shells and also as to the possible demand for tile with shells thinner than 
standard. It was generally agreed that the existing information on the 
performance of tile in masonry does not indicate a need for specifications 
covering a new type of unit. 

Consideration was given also to suggestions for improving the speci- 
fications. As smooth tile are usually heavier than tile with scored faces, 
revisions in the specified weights for smooth tiles are being proposed. The 
other recommended revisions are for the purpose of clarifying the intent 
of the specifications and to simplify their form. 


RECOMMENDATIONS AFFECTING STANDARDS _ 
Proposed Revisions of Tentative Standards: 

Tentative Specifications for Structural Clay Floor Tile (C 57-34 T)2— 
The committee desires to change the form of the table of weights in these 
specifications to correspond with similar tables in the other specifications 


' Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 393; also pp. 761 to 779 (1934). 


«i foceedings, Am. Soc. Testing Mats., Vol. 34, Part . p. 761 (1934); also 1934 Book of A.S.T.M. Tenta- 
uve Standards, p. 350. 
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for tile. A few additional changes are desired also to clarify the intent of 
the specifications. The committee accordingly recommends that the speci- 
fications be revised as indicated below and continued as tentative: 

Section 1.—Change as follows by the addition of the italicized words: 

1. These specifications apply to structural clay floor tile made from surface clay, 
shale, fire clay or admixtures thereof, and cover only physical requirements. If a 
purchaser desires tile having a particular color, texture, or finish, such features should be 
covered by separate specifications. 

Section 3.—Change to read as follows by the addition of the italicized 
words and figures and the omission of those in brackets: 

3. (a) Flat and segmental arch tile shall conform to the following requirements 
as to minimum number of cells in depth of arch [thickness] and average dry weights 
per square. foot of tile: 


Fiat ArcH TILE 
MINIMUM NUMBER OF AVERAGE Dry WEIGHT, 
CELLs 1n Depth of LB. PER SQ. FT. OF TILE 
DeptH oF ARCH, IN, ArcH [THICKNESS] Minimum Maximum 


SEGMENTAL ARCH TILE 


[(b) A tolerance of 5 per cent under and 12.5 per cent over will be allowed on 
the average dry weights specified in Paragraph (a).] 

({c] b) Tile designed to resist stresses in combination tile and concrete ribbed 
slab construction shall conform to the following requirements as to minimum number 
of cells in [thickness] the direction of depth of slab and average dry weights per square 


foot of tile: 
MINIMUM NUMBER AVERAGE Dry WEIGHT,® 


CELLS IN PER SQ. FT, OF TILE 

THICKNESS OF [UNiTs] Tile, IN. THICKNESS OF TILE Minimum Maximum 


® The weights given in the table are for scored tile. 
0.5 lb. per sq. ft. of smooth area. 
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((d) A tolerance of +10 per cent will be allowed on the average weights per 7 
+. square foot specified in Paragraph (c).] 


[(e) Structural clay floor tile units may be made any size consistent with eco- 
nomic considerations of manufacturing and practicable engineering standards of 


design.] 
‘a Section 4. —Change to read as follows by the addition of the talcized 
be § word and the omission of the word in brackets: 
4. No dimension shall vary more than +3 per cent from the [standard] specified a 
ed dimensions for any form of tile. 
Section 7.—Change the first sentence to read as follows by the addition 2. 
nt of the italicized words and the omission of those in brackets: 
7, [The exterior surface] Surfaces of all tile intended for the direct application of _ 
plaster shall be scratched or scored. 
BT, Tentative Specifications for Structural Clay Non-Load-Bearing Tile 
um C 66-34 T)..—The committee recommends that the following clarifying 
revisions be made in these specifications and that the specifications as 
revised be continued as tentative: 
Section 1.—Change to read as follows by the addition of the italicized © 
words: 


1. These specifications apply to structural clay partition, fireproofing and may 


tle made from surface clay, shale, fire clay or admixtures thereof, and cover only 
physical requirements. If a purchaser desires tile having a particular color, texture, 
t finish, such features should be covered by separate specifications, 
Section 3.—Change the heading of the third column of the table of 
) requirements from its present form: namely, “Minimum Number Cells in 
don § Vall Thickness” to read, “‘Minimum Number of Cells in Direction of Wall 


Thickness.” 
bbed In the table of requirements add the following as a footnote to the — 
‘olumns on weights: 
juare 


The weights given in the table are for scored tile. If any of the faces are smooth _ 
ut,° 1¢ weights shall be increased 0.5 lb. per sq. ft. of smooth area. 
Section 7.—Change the first sentence to read as follows by the addition — 
i the italicized words and the omission of those in brackets: 
7. [The exterior surface] Surfaces of all tile intended for the direct application of 
‘ster or stucco shall be scratched or scored. 
epee Specifications for Structural Clay Load-Bearing Wall = 
34-84 T)2®—The committee recommends that these specifications be 
ised as indicated below and continued as tentative: 
Section 1.—Change to read as follows by the addition of the italicized — 
nds: 


Sramieedines, Am Am. Soc. Testing Mats., Vol. 34, Part I, p. 765 (1934); also 1934 Book of A.S.T.M. Tenta- 
3 


Pie Am. Soc. Testing Mats., Vol. 34, Part I, p. 768 (1934); also 1934 Book of A.S.T.M. Tenta- 
See p. 309.—Eb. 
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1. These specifications apply to structural clay load-bearing wall tile made 
from surface clay, shale, fire clay or admixtures thereof, and cover only physical require. 7 
ments. If a purchaser desires tile having a particular color, texture, or finish, such a 
features should be covered by separate specifications. 


Section 2.—Delete Paragraph (c), which reads as follows, since its pro- 


visions are not enforcible: ii 


(c)‘All tile shall be so designed that substantially the same masonry strength § area 
will be developed in all wall thicknesses for which they are to be used. ( 


Section 3.—Change Paragraph (a) to read as follows by the addition 
of the italicized words: 


mum number of cells in the direction of wall thickness and dry weights per square bers 1 
foot of tile: 

In the table of requirements add the following as a footnote to the 
columns on weights: 


The weights given in the table are for scored tile. If any of the faces are smoot! 
the weights shall be increased 1 Ib. per sq. ft. of smooth area. foals 


Change the heading of the second column of the table from its present J ‘*tois 
form: namely, ‘‘Minimum Number of Cells in Wall Thickness’’ to read 


“Minimum Number of Cells in Direction of Wall Thickness.” T 

Change Paragraph (6) from its present form: namely, consis 
__ (b) The weight of bonding tile, including complementary shapes, shall b have 
erned by the requirements specified in Paragraph (a) and shall be calculated f1 R 


the average weight of the one or more units required between header brick cour 
In calculating area of tile, the greatest vertical face dimension shall be used. 


to read as follows: 


(b) The area of bonding tile shall be calculated on the basis of the average hei; PLE, 
of the two vertical faces as laid in the wall. 


Prog 


Change Paragraph (d) to read as follows by the addition of the italicized B susie 
_ words and the omission of the word in brackets: _ 
(d) Re-entrant spaces not less than 1 in. in depth and not less than 1 sq. i. 
area which form cells when the units are laid [up] in the wall, shall be considered 
cells in the direction of wall thickness, but not in the units. 


Sul 

Section 8.—Change the first sentence to read as follows by the addition J “nits ; 

_ of the italicized words and the omission of those in brackets: ner 
8. [The exterior surface] Surfaces of all tile intended for the direct application ( eee 
- plaster or stucco shall be scratched or scored. tentatiy 


Section 11.—Change the first sentence to read as follows by the adé! 
tion of the italicized words: 


11. Individual tile shall be rejected for failure to meet the weight, number 
cells, specified size, or workmanship and finish requirements but tiles that are 
weight may be accepted at the discretion of the purchaser. 


| 
| 

| 

| 

| 

i 

| | 


‘On Hottow Masonry Bumpme Unrrs 


Tentative Methods of Sampling and Testing Structural Clay Tile (C 112 — 
3! T).%—In order to provide for uniformity and definiteness the com- 
mittee recommends that the following be added as a new Section 8 and the 
subsequent sections renumbered accordingly: 


pro- 8. Calculating and Reporting Results—(a) The weight per unit area of a tile 
secimen shall be calculated by dividing the total weight in pounds by the average 
ngth —§ area of the two faces of the tile as laid in the masonry. 
(6) The results shall be reported separately for each specimen, with the average 
for the five specimens. 


tion 
The recommendations appearing in this report have been submitted 
to letter ballot of the committee, which consists of 34 members; 24 mem- 
bers returned their ballots, the results being as follows: 
Ballots 
) the Items Affirm- | Neg- Marked 
ative ative | “Not 
Voting 
Revision or Tentative STANDARDS 
Specifications for Structural Clay Floor Tile (C 57 ~ 34 T)............02c0cceceeeececececeees 20 1 3 
Specifications for Structural Clay Non-Load-Bea: Tile (C 56-34 7). 23 0 1 
Specifications for Structural Clay Load-Bearing Wall Tile (C 34-34 T).....................4.. 21 1 2 
esent Methods of Sampling and Testing Structural Clay Tile (C 112 - 34 T) Ke 23 0 1 
This report has been submitted to letter ballot of the committee, which 
consists of 34 members; 23 members returned their ballots, of whom 22 
e gov. voted affirmatively and 1 negatively. 
from 
Respectfully submitted on behalf of the committee, 


E. Parsons, 
Chairman. 
height E. EMzRY, ‘ 


licized sundards, p65. Am. Soc. Testing Mats., Vol. 34, Part I, p. 776 (1934); also 1934 Book of A.S.T.M. Tentative 
ards, p. 3 
?See Editorial Note, below.—Eb. 
q. in. it 


Subsequent to the annual meeting Committee C-10 on Hollow Masonry Building 
ddition § ‘uits presented to the Society on August 22, 1935, through Committee E-10 on 
tandards proposed revisions of the Tentative Specifications for Structural Clay 

il-Bearing Wall Tile and of the Tentative Methods of Sampling and Testing 
Structural Clay Tile. These revisions were accepted by Committee E-10 and the 


enta 


entative standards in their revised form appear on pp. 803 and 807, respectively. 
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CONCRETE PIPE _ omis 
Committee C-13 on Concrete Pipe has held one meeting during the 
year, in Washington, D. C., on April 16, 1935. At this meeting certain 
changes in the specifications under the jurisdiction of the committee were 
considered. cases 
chara 
RECOMMENDATIONS AFFECTING STANDARDS chem 
I. Proposed Tentative Standard: “a 
Proposed Tentative Specifications for Concrete Irrigation Pipe.—These 
specifications were prepared by Subcommittee II on Reinforced Concrete ‘th 
0 


Culvert Pipe (EK. F. Kelley, chairman) and are being submitted for publi- 
cation as tentative, as appended hereto.! The specifications were prepared 


by a group of experienced manufacturers of concrete irrigation pipe and J“ 

approved by the committee at its last meeting. 

IT. Revision of Tentative Standard: Re 
Tentative Specifications for Reinforced Concrete Culvert Pipe (C % ‘ ~ 

30 T).2—Through Subcommittee II on Reinforced Concrete Culvert Pipe Itis 

(E. F. Kelley, chairman) these specifications have been revised and simplified Gia 

and the committee recommends that the specifications in their revised form, 

as appended hereto,’ be continued as tentative. — 


The Joint Concrete Culvert Pipe Committee initiated the preparation 
of specifications for reinforced-concrete culvert pipe in 1919 and reports 
were issued in 1926 and 1928. In 1930 the work of the Joint Committe: Conc 
was taken over by Committee C-4 on Clay and Cement-Concrete Pipe an 
later by Committee C-13 on Concrete Pipe. neler 


IIT. Adoption of Tentative Standards as Standard: 

Tentative Specifications for Non-Reinforced Concrele Sewer Pipe (C 14 absor 
34 T)4—The committee recommends that these specifications which ar ane | 
under the jurisdiction of Subcommittee I on Concrete Sewer Pipe (Unrein- ode 
forced and Reinforced) (S. A. Greeley, chairman) be revised as follows and 


wore 


approved for submission to letter ballot of the Society for adoption & J brac 
standard. The specifications when adopted will supersede the present 
1 See p. 812.—Eb. and 
2 Proceedings, Am. _ Testing Mats., Vol. 30, Part I, p. 1051 (1930); also 1934 Book of A.S.1 coney 


Tentative Standards, p. 439 
3See p. 817.—Eb. 
4 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 809 (1934); also 1934 Book of A.S. T.M. ’ 


tive Standards, p. 415. 
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Standard Specifications for Cement-Concrete Sewer Pipe (C 14 — 24),! the 
withdrawal of which is also recommended. The changes made are based 
on factors developed in current use as well as manufacture of concrete 
sewer pipe. 

Title —Change the title of the specifications to read as follows by the 
omission of the word in brackets: 


Specifications for [Non-Reinforced] Concrete Sewer Pipe 


Section 4.—-Omit this section which reads as follows: 


4. The purchaser may prescribe in advance special chemical requirements in 
cases where sewage, industrial wastes or ground waters have marked acid or alkaline 
character, or are of abnormally high temperatures. The purchaser may make use of 
chemical analysis of the pipe materials to ascertain whether these special requirements 
aremet. The presence of deleterious materials causing slaking or disintegration shall 
be cause for rejection. 


Section 9.—Change the first sentence to read as follows by the omission 
of the words in brackets: 


9. [At the option of the purchaser] Pipe shall be tested for crushing strength by 
either the three-edge-bearing method or by the sand-bearing method. 


Tentative Specifications for Reinforced-Concrete Sewer Pipe (C 75-34 
Through Subcommittee I the committee has also prepared several changes 
in these specifications. The changes made are based on factors developed 
in current use as well as manufacture of reinforced-concrete sewer pipe. 
It is recommended that the specifications be revised as follows and approved 
lor reference to letter ballot of the Society for adoption as standard: 
Section 2.--Change to read as follows by the omission of the words in 
brackets: 
2. Pipe, under these specifications, shall be [of two classes] known [respectively] 


“Standard Reinforced-Concrete Sewer Pipe” [and “Extra-Strength Reinforced- 
ncrete Sewer Pipe”’]. 


Section 3.—Change to read as follows by the addition of the italicized 
vords and figures: 


3. Acceptability of pipe shall be determined by the results of the strength and 
rplion tests specified in Sections 16 to 21 and 24, inclusive, if and when required, 
1 by inspection to determine whether the pipe conforms to the specifications as 
esign and freedom from defects. 


Section 4.—Change to read as follows by the omission of the words in 
brackets: 


_4, The reinforced concrete shall consist of portland cement, mineral aggregate 
nd water in which steel has been embedded in such a manner that the steel and the 
nerete act together [in resisting forces]. 


11933 Book of A.S.T.M. Standards, Part II, p 


? Proceedings, Am. Soc. Testing Mats., Vol. 34. “Part L 822 (1934); also 1934 Book of A. S. M. Te nta- 
Standards, p. 428. ; 
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Table [.-Omit footnote 6 which reads as follows, relettering the present 
footnote c as b: 


The steel areas in this table are based on the use of cold-drawn steel wire with a 
value for f, of 27,500 Ib. per sq. in. If reinforcing bars of billet steel of intermediate 
or hard grade are used the areas of steel given in this table shall be increased 37.5 
per cent to conform to a value for f, of 20,000 Ib. per sq. in. and if billet steel of struc- 
tural grade is used the areas of steel given shall be increased 53 per cent to conform to 
a value for f, of 18,000 lb. per sq. in. 


Table II.—Omit this table which covers the strength test requirements 
and minimum design requirements of extra-strength reinforced-concrete 
sewer pipe. 

Section 14.—Change from its present form to read as follows: 


14. Strength Requirements.—The ultimate load, as determined by either of the 
methods described in Section 20, shall be not less than the ultimate load specified in 
Table I. When the test load reaches the cracking load given in the table for th 
size and class of pipe tested, there shall be in the barrel of the pipe no crack having a 
width of 0.01 in. or more for a length of 1 ft. or more. The crack shall be considere 
0.01 in. in width when the point of the measuring gage will penetrate it yg in. at cl 
intervals throughout the specified distance of 1 ft. The width of crack shall be m 
ured by means of a gage made from a leaf 0.01 in. in thickness (as in a set of standard 
machinist’s gages), ground to a point 7s in. in width, with corners rounded, and a 
taper of } in. per foot, as illustrated in Fig. 1. The ultimate load is reached when th 
pipe shall sustain no greater load. 


Absorption Requirement.—Add the following paragraph with reference 
to the absorption test as a new Section 16, renumbering the present sec- 
tions accordingly: 

16. Test Requirements and Acceptability Under Absorption Tests.—The absorption, 
determined as specified in Section 24, shall not exceed 8 per cent of the dry weight. 
Pipe shall be considered as conforming to these specifications for absorption when not 
less than 80 per cent of the number of specimens tested, including any retested, con- 
form to the test requirements. When the initial absorption specimen from a pipe 
fails to conform to these specifications, the absorption test shall be made on another 
specimen from the same pipe and the results of the retest shall be substituted for the 
original test results. 


Absorption Test.—Add as Sections 23 and 24 an absorption test identical 
to that appearing in the Tentative Specifications for Reinforced Concrete 
Culvert Pipe (C 76 — 30 T), renumbering the remaining sections accordingly. 
The method to be added is identical with the procedure for the absorption 
test as covered in the revised Tentative Specifications C 76, appended 
hereto.! 


The recommendations appearing in this report have been submitted 
to letter ballot of the committee, which consists of 21 members; 21 members 
returned their ballots, the results being as follows: 
1See p. 826.—Epb. 
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Items Affirm- | Neg- | Marked 
ative | ative | “Not 

Voting” 


I, Proposep Tentative STANDARD 
for Concrete Irrigation Pipe. 17 0 


II. Reviston or Tentative STANDARD 
Specifications for Reinforced-Concrete Culvert Pipe (C 76-30 17 4 


III, Apoprion or Tentative STaNDARDS AS STANDARD 


Specifications for Non-Reinforced Concrete Sewer Pipe (C 14 - 34 T), as revised................ 20 1 0 
Specifications for Reinforced-Concrete Sewer Pipe (C 75 ~ 34 T), as revised................... 21 0 07 


“The classified vote on the revision of Tentative Specifications for Reinforced-Concrete Culvert Pipe was as follows: 
\firmative: 6 producers, 9 consumers, 2 general interests; negative: 2 producers, 2 consumers, 0 general interests. 


Respectfully submitted on behalf of the committee, 


A. E. 
Chairman. 


M. W. Lovinc, 
Secretary. 
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REPORT OF COMMITTEE D-1 
ON 


PRESERVATIVE COATINGS FOR STRUCTURAL MATERIALS 


Committee D-1 on Preservative Coatings for Structural Materials held 
a meeting on April 22, 1935, at Hotel Governor Clinton, New York City, 
in conjunction with the meeting of the Paint and Varnish Division of the 
American Chemical Society. Subcommittee meetings were held prior to 
the meeting of the main committee, both in New York City and previously 
in Philadelphia on March 5 and 6, 1935, at the time of the spring group 
meetings of A.S.T.M. committees. 

A Symposium on Paint and Paint Materials, consisting of fifteen 
papers, and sponsored by Committee D-1 was held at the Regional Meeting 
of the Society in Philadelphia on March 6, 1935. 

A number of the subcommittees have been extremely active during 
the past year, with the result that complete reports in considerable detail 
were presented by them to the committee. 

Since the last annual meeting, 18 new members have been elected, 
8 resignations have been accepted and 1 death reported, leaving a total 
membership of 182. 

The work of the active subcommittees during the past year has result 
in the committee making the following recommendations to be acted upon 
at the annual meeting: 

I. Two new tentative specifications and two tentative methods of test 
are being submitted; 

II. Revisions are proposed for immediate adoption in two standard 
specifications, and as tentative in one standard specification and two 
standard methods of test; 

III. Revisions are proposed in three tentative methods of test; 

IV. Three tentative specifications are recommended for adoption as 
standard without revision; 

V. Tentative revisions of three existing standard specifications ar¢ 
recommended for adoption as standard. 


RECOMMENDATIONS AFFECTING STANDARDS 


In this report, recommendations affecting standards and tentative 
standards are noted in brief form below, together with the results of the 
letter ballot. These recommendations are explained in the reports of the 
subcommittees directly responsible for them. 
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I. Proposed Tentative Standards.—The committee submits for publica- 
tion as tentative the following two new specifications and two methods of 
test, as appended hereto:! 


Tentative Specifications for White Pine Wood to be Used in Weather Tests of 
Paints, as proposed by Subcommittee VII; 

Tentative Specifications for Blue Lead; Basic Sulfate, as proposed by Sub- 
committee XV; 

Tentative Method of Test for Comparative Hiding Power of White Pigments, 
as proposed by Subcommittee VIII, and 

Tentative Methods of Testing Oleo-Resinous Varnishes (Skinning Test, Alkali 
Resistance, Acid Number), as proposed by Subcommittee IX. 


II. Proposed Revisions of Existing Standards.—The committee recom- 
mends that the revisions proposed in the following standard specifications 
and methods of test be accepted for publication as tentative: 


Standard Specifications for Raw Tung Oil (D 12-33), as proposed by Sub- 
committee IIT; 


Standard Methods of Routine Analysis of Yellow and Orange Pigments Con- 
taining Chromium Compounds, Blue Pigments and Chrome Green (D 126-27), as 
proposed by Subcommittee VIII, and 

Standard Methods of Routine Analysis of White Linseed Oil Paints (D 215 - 29), 
a proposed by Subcommittee VIII. 


The committee further recommends for immediate adoption as stand- 
ard, revisions in both the Standard Specifications for Dry Bleached Shellac 
D 207 - 33) and the Standard Specifications for Shellac Varnish (D 359 - 
34), as proposed by Subcommittee XIII. The committee accordingly asks 
lor the necessary nine-tenths vote at the annual meeting, in order that these 
revisions may be submitted to letter ballot of the Society for immediate 
adoption. 

IIT. Revisions of Tentative Standards——The committee recommends 
that the following tentative methods of test be revised as given in detail in 
the report of the respective subcommittees and continued as tentative: 


Tentative Method of Test for Tinting Strength of White Pigments or White 
Pigment Pastes (D 332 - 34 T), as proposed by Subcommittee VIII; 
_ Tentative Methods of Test for Mass Color and Tinting Strength of Dry Color 
Pigments or Pastes (D 387 - 34 T), as proposed by Subcommittee VIII, and 
Tentative Methods of Test for Soluble Nitrocellulose Base Solutions (D 365 - 
3T), as proposed by Subcommittee XXV. 


IV. Adoption of Tentative Standards as Standard.—The committee 
commends that the following tentative specifications be adopted as — 
‘tandard without revision: 


Tentative Specifications for Titanium Barium Pigment (D 382 - 34 T), as pro- 


by Subcommittee XV; 
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Tentative Specifications for Titanium Calcium Pigment (D 383 - 34 T), as pro. 
posed by Subcommittee XV, 

Tentative Specifications for Acetate Ester of Ethylene Glycol Mono Ethy! 
Ether (95 to 96 per cent Grade) (D 343 - 32 T), as proposed by Subcommittee XXV, 

Tentative Specifications for Ethylene Glycol Mono Butyl Ether (D 330 - 32 T 
as proposed by Subcommittee XXV, and 

Tentative Specifications for Ethylene Glycol Mono Ethy!] Ether (D 331 - 32 7), 
as proposed by Subcommittee XXV. 


TABLE I.—ANALYsIS OF LETTER BALLOT VOTE. 


I, Proposep Tentative StanDaRDs 

Specifications for White Pine Wood to be Used in Weather Teste of Paints 
Specifications for Blue Lead; Basic Sulfate 
Method of Test for Comparative my an ttl of White Pigments 
Methods of Testing Oleo-Resinous Vai 

Test for Skinning of Varnish in Closed Containers 

Test for Alkali Resista: 

Test for Santee! Acid Number 


II. Proposzp Revisions or Existina Sranparps man) 


Specifications for Dry Bleached Shellac (D 207 - 33), immediate adoption ard S 
Specifications for Shellac Varnish (D 359 - 34), immediate adoption 
Specifications for Raw Tung Oil (D 12 - 33) 2 whick 
ethods of Routine Analysis 4. ellow 4 Orange Pigments Containing Chromium Compounds, 
Blue Pigments and Chrome Green (D -27 of tur 
Methods of Routine Analysis of White Linseed Oil Paints (D 215 - 29) 22 i 


III. Proposzp Revisions or Tentative StanpaRps 


is call 


Method of Test for Tinting Strength of White Pigments or White Fem Pastes (D 332 - 34 T) . 17 The 


Meow of Test for Mass Color and Tinting Strength of Dry Color Pigments or Pastes (D 387 - 


Glass 


can | 
IV. Apoprion or Tentative Sranparps as STaNDARD 
Specifications for Titanium Barium Pigment (D =~ 34 T) ; recom 
Specifications for Titanium Calcium Pigment (D 383 - 34 T) 
ae Acetate Ester of Ethylene Glyeat h Mono Ethy! Ether (95 to 96 per cent Grade) parag 
4 . 

Specifications for Ethylene Glycol Mono Butyl Ether (D 330 - 32 T)¢ 22 incor} 
Specifications for Ethylene Glycol Mono Ethyl Ether (D 331 - 32 T)¢ 2 " 


V. Apoprion as Sranpakp or Tentative Revisions STANDARDS for R 
Standard Methods of Routine Analysis of Dry Red Lead pl 49- 
Standard Methods of Routine Analysis of White Linseed Oil ay i) 215 - 29) 5 tenta 
Standard Methods of Routine Analysis of Yellow and Orange Pigments Containing Chromium 

Compounds, Blue Pigments and Chrome Green (D 126 - 27) s 


VI. Wrraprawat or Tentative Nelso 


Tentative Specifications for Acetate Ester of Ethylene Glycol Mono Ethyl Ether (90 to 91 per 
cent Grade) (D 342 32 T)* | 2 tenta’ 


@ These recommendations were submitted to letter ballot subsequent to the annual meeting, see Summary of mor Weat 
p. 8 densit 
V. Adoption as Standard of Tentative Revisions of Existing Standards.— § Weath 
The committee recommends that the tentative revisions submitted 0 § such 
1932! and 1934,? as proposed in the following existing standards, be adopted § afford 


as standard: oil pa 


Reyision of Standard Methods of Routine Analysis of Dry Red Lead (D 49-33), J ' @ 
as proposed by Subcommittee VIII; expos 


1 Proceedings, am Soc. Testing Mats., Vol. 32, Part I, p. 1010 (1932); also 1932 Book of A.5. T.) 
tative Standards, p. 1154. : 

2 Proceedings, .— Soc. Testing Mats., Vol. 34, Part I, p. 1265, (1934); also 1934 Book of A.S. T.M 
tative Standards, p. 1193. 
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Revision of Standard Methods of Routine Analysis of White Linseed Oil Paints — 
(D 215 - 29), as proposed by Subcommittee VIII, and 

Revision of Standard Methods of Routine Analysis of Yellow and Orange Pig- 
ments Containing Chromium Compounds, Blue Pigments and Chrome Green (D 126 - 
11), as proposed by Subcommittee VIII. 


VI. Withdrawal of Tentative Standard.—The committee recommends 
that the Tentative Specifications for Acetate Ester of Ethylene Glycol 
Mono Ethyl Ether (90 to 91 per cent Grade) (D 342-32 T) be discon- 
tinued. 


The above recommendations have been submitted to letter ballot of 
the committee, which consists of 182 members; 71 members have returned 
their ballots. ‘The analysis of the vote of the committee is given in Table I. 


OF SUBCOMMITTEES 


teeing III on Testing of Paint Vehicles (H. A. Gardner, chair- 
man).—This subcommittee has prepared a tentative revision of the Stand- 
ard Specifications for Raw Tung Oil (D 12-33). The proposed changes 
which appear in Appendix I' involve the requirements for specific gravity 
of tung oil and modifications in the heating test and quality test. Attention 
is called to the description of the thermometer for use in the heating test. 
The assistance of Committee D-15 on Thermometers and Laboratory 
Glassware has been requested for this item, but it is not likely that action 
can be completed in time to incorporate in the methods this year the 
recommendations of Committee D-15. It is therefore suggested that the 
paragraph as written is satisfactory and any new recommendations can be 
incorporated next year. 

This subcommittee also recommends that the Tentative Specifications 
t Raw Soybean Oil (D 124-33 T) be retained for another year in a 
tentative status. 

Subcommittee VII on Accelerated Tests for Protective Coatings (H. A. 
Nelson, chairman).—This subcommittee recommends for publication as 
tentative the proposed Specifications for White Pine Wood to be Used in 
Weather Tests of Paints, as appended hereto.? The grain structure and 
lensity of any species of wood are known to have great influence on the 
weathering of paints. It is the purpose of these specifications to minimize 
such variables in paint weather testing and to designate a wood which 
aflords a practical surface for determ‘ning durability factors of exterior 
iil paints, and other materials of similar purpose and designed to be used 
lor exterior exposure tests, either on vertical or 45-deg. angle, southern 
“posure. 
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The 1934 report of this subcommittee stated: _ 


It is believed by the subcommittee that as yet there is no general accelerated 
test available that is equally applicable to all types of finishing materials. As a 
laboratory tool for proving some specific points, so-called accelerated weathering tests 
appear to have been of value to individual laboratories when conducted by operators 
having experience in testing of organic finishes. 


In line with this view, the reorganization of Subcommittee VII has 
been continued by division into the following groups: = = 

Group 1. House Paints 

Group 2. Enamels 

Group 3. Varnishes 

Group 4. Lacquers 

Group 5. Specifications for woods for exposure pane (laboratory and 

outdoor) 
Group 6. Metal protective finishes 


Three of these groups are active. Group 3 on Varnishes, under the 
chairmanship of W. R. Fuller, completed one set of cooperative tests last 
year. The tentative conclusions from these tests were as follows: 

Differences in opinion as to the true relative outdoor durability of some of the 
better varnishes, and as to the stage of weathering acceptable as an endpoint, made 


it impossible to draw conclusions other than that certain cycles are apparently un- 
satisfactory and that others show some promise and are worthy of further study. 


In view of this situation, Group 3 has another cooperative test under 
way with the varnishes used in the first test. The machines are restricted 
to the type which showed most promise in the preliminary test. Special 
care will be exercised in charting the progress of deterioration, and simul- 
taneous outdoor exposures will be made in several localities to serve as 
standards for comparison. 

The experience of Group 4 on Lacquers, of which H. W. Klinger is 
chairman, with its first set of cooperative tests was similar to that of Group 
3. This group has also planned a second set of tests. 

Group 5 on Specifications for Panels, under the. chairmanship of 
C. D. Holley, is now giving attention to specifications for woods considered 
difficult to paint, such as yellow pine,’ etc. 

The chairmanships of Group 1 on House Paints and Group 6 on Metal 
Protective Finishes have been accepted by C. H. Rose and J. C. Moore, 
respectively, and these groups are being organized. 

Subcommittee VIII on Methods of Analysis of Paint Materials (G. F. A. 
Stutz, chairman).—In the report of Subcommittee VIII, appended hereto, 
the several recommendations mentioned earlier in this report are discussed 
in detail. 


1 Subsequent to the annual meeting Committee D-1 presented to the Society through Committee E-\( 
on Standards specifications for southern yellow pine wood to be used in weather tests of paints, ae we 
— for publication as tentative and have been included in the Tentative Specifications for Wood 

as Panels in Weather Tests of Paints and Varnishes, see p. 895.—Eb. 
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Subcommittee IX on Varnish (W. T. Pearce, chairman).—Subcommittee 
IX has been studying tests for the evaluation of varnishes and has com- 
pleted the development of procedures for testing the skinning of varnish in 
closed containers, and tests for alkali resistance and for determining the 
acid number of oleo-resinous varnishes. These three methods, as appended 
hereto, are recommended for publication as tentative and are intended 
when subsequently adopted as standard to be incorporated in the Standard 
Methods of Testing Oleo-Resinous Varnishes (D 154 — 28). 

This subcommittee believes that often the acid value serves no sig- 
nificant purpose in the evaluation of a varnish and does not recommend 
the inclusion of any requirement as to acid value in a general specification. 
The subcommittee believes, however, that a test for acid number should 
be standardized so that it may be available for those who desire to use it. 
This subcommittee plans to continue to study methods for determining 
the reactivity of varnishes. 

Subcommittee XIII on Shellac (J. W. Paisley, chairman).—This sub- 
committee recommends for immediate adoption in the Standard Specifica- 
tions for Dry Bleached Shellac (D 207-33)? and for Shellac Varnish 
‘D 359 — 34),? the following minor revision: 

Section 2.—In the second column of the table in both standard specifi- 
cations, change the maximum ash percentage specified for refined shellac 
irom the present requirement of “0.3 per cent” to read ‘0.5 per cent.”’ 

This change is recommended because a recent survey and compre- 
hensive investigation has shown that the ash content of dry refined bleached 
shellac on the market at present contains from 0.4 to 0.5 per cent ash, the 
iverage being just under 0.5 per cent. As all these refined shellacs satisfy 
the numerous commercial requirements peculiar to the product as to work- 
ing qualities, etc., as well now as formerly when the ash averaged 0.3 per 

ent, this change is believed to be desirable. 

Subcommittee XV on Specifications for Pigments Dry and in Oil Wien 
Marketed in That Form (H. E. Smith, chairman).—This subcommittee has 
lurther considered the tentative specifications for titanium pigments and 
recommends the following for adoption as standard, without revision: 


Tentative Specifications for Titanium Barium Pigment (D 382 - 34 T)4 
Tentative Specifications for Titanium Calcium Pigment (D 383 - 34 T)* 


Discussion of the Tentative Specifications for Titanium Dioxide 
D 384-—34 T) indicated that further study would be desirable before 
proposing that these specifications be adopted as standard. 
The pigment known commercially as basic lead sulfate, blue, has been 
the market for many years. It is a factor in the general supply of steel 
p. 887.—Ep. 
pd Book of A.S.T.M. Standnode, Part II, p. 676. 
1934 Supplement to Book of A.S.T.M. Standards, p Pp. 


13. 
* Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, a 856, 858 (1934); also 1934 Book of A.S.T.M. 
ntative Standards, pp. 543, 545. 
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protective paints. The subcommittee, with the agreement of the manu- 
facturers, considers that it now merits a place among the A.S.T.M. speci- 
fications for pigments. 

This subcommittee has considered this pigment which had not been 
previously studied and now recommends for publication as tentative the 
proposed Tentative Specifications for Blue Lead; Basic Sulfate, as appended 
hereto.! The requirements of these specifications conform to those recently 
adopted by the Federal Specifications Board. 

A demand has arisen for specifications for umber and sienna. Dis- 
cussion of these two pigments has finally included yellow ocher, for which 
the Society has for several years had Standard Specifications for Ocher 
(D 85-27). These pigments, in contrast with some others, are dependent 
quite largely for their practical value on physical properties, as well as on 
chemical composition. A small group of specialists is making an extended 
study of all three pigments. 

The Society has for some years had Standard Specifications for Lith- 
opone (D 208-26). Last year Tentative Specifications for High Zinc 
Sulfide Lithopone (D 385 - 34 T) and for Zinc Sulfide (D 386 — 34 T) were 
issued for the first time. Meanwhile, the zinc sulfide pigment industry 
has been making rapid strides. It now appears desirable to make a thor- 
ough study of all these pigments not only with respect to specification 
requirements but also as to the definition of the material that is properly 
classed as lithopone, as well as the classification and definition of other 
pigments containing zinc sulfide. A group of specialists has been appointed 
for this purpose and will report next year. 

Subcommittee X VIII on Physical Properties of Materials (F. P. Ingalls, 
chairman).—This subcommittee has held two meetings of its group inter- 
ested in the definition of gloss. A study of this subject has resulted in the 
formulation of certain proposed definitions that, while not sufficiently 
specific for general acceptance, do represent the consensus of opinion of the 
group conducting the study. ‘The definitions embrace the terms: “gloss, 
“polish” and “image reproducibility.” 

It was agreed that these proposed definitions should be submitted for 
comment to members of the various industries interested in this subject, 
in order to obtain some idea as to whether they are sufficiently fundamental 
to serve as a basis from which to approach formulation of a method of 
specifying that characteristic known as gloss. This subcommittee does 
not desire to submit these proposed definitions for publication as tentative 
until a study has been made of such comments as may be received. 

Subcommittee XXV on Cellulose Ester Coatings (R. M. Carter, chait- 
man).—This subcommittee recommends that the Tentative Specifications 

for Acetate Ester of Ethylene Glycol Mono Ethyl Ether (95 to 96 per cent 
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1 See p. 873.—Eb. 
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Grade) (D 343 - 32 'T), for Ethylene Glycol Mono Butyl Ether (D 330 - 
32 T) and for Ethylene Glycol Mono Ethyl Ether (D 331-32 T) be sub- 
mitted to the Society for adoption as standard. The withdrawal of the 
Tentative Specifications for Acetate Ester of Ethylene Glycol Mono Ethyl 


Ether (90 to 91-per cent Grade) (D 342-32 T) is also recommended. It 
ed is further proposed that the five tentative specifications and one method of 
ly test for solvents and diluents under its jurisdiction be retained as tentative 
without revision. Three of the specifications have been tentative for three 
is- years without change. No recommendation is made for their adoption as 
ch standard at this time because of minor changes that are anticipated. 
\er The subcommittee has developed a method for determining depth of 
nt color, which is proposed for inclusion as appended hereto! in the Tentative 
on Methods of Test for Soluble Nitrocellulose Base Solutions (D 365 - 33 T). 
led This method of color determination has been developed to meet the need 
for a standardized method applicable to nitrocellulose base solutions having 
th- a color that is usually darker than that of nitrocellulose lacquers. It 
inc further serves to complete the testing methods usually applied to such base 
ere solutions and completes the work along this line that was instituted by 
try this subcommittee. It is essentially the procedure in use by many of the 
\or- leading producers and consumers of heavy base solutions. 
‘ion Subcommittee XXV has been cooperating with Committee D-2 on 
erly Petroleum Products and Lubricants in a revision of the Standard Method 
ther @ of Test for Flash Point of Volatile Flammable Liquids (D 56-21) so that 
ited + this method will be applicable to the testing of the low-flash point lacquer 
slvent and diluents. A revision of the standard method is being sub- 
alls, § mitted by Committee D-2 to the Society this year for publication as 
iter- tentative.? 
| the Subcommittee XXVI on Underground Pipe Protection (F. N. Speller, 
ntly § chairman).—This subcommittee is not ready to submit specifications for 
[the § bituminous primary coating. The work has been delayed mainly for lack 
O88," {a satisfactory test for adhesion and a method of testing the durability 
of these and other paint coatings, and data based on such a test. This 
1 for § committee suggested to the Advisory Committee of Committee D-1 last 
ject, year that specifications for testing paints under submerged conditions be ( 
ental § formulated. The Advisory Committee then requested that an outline of 
xd of § such a specification be prepared by this subcommittee for consideration of 
does § Committee D-1. This has been done with the cooperation of H. A. 
ative § Gardner, A. M. Muckenfuss and P. H. Walker and was submitted to the 
Advisory Committee. At the request of the Advisory Committee this 
hait- J statement is made a part of this report and is published for soliciting 
tions comments and discussion: 
cent 


p. 889.—Ep. 
*See p. 897. 
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REPORT OF COMMITTEE D-1 


STATEMENT ON 
PRINCIPLES OF TESTING PAINTS AND COMBINATIONS OF 
PAINTS ON STEEL PANELS 


With PARTICULAR REFERENCE TO SUBMERGED CONDITIONS 

(a) Records should be made of the analysis and percentages of vehicle and pig. 
ment used in the paint; also physical properties and weight per gallon of each coat. 

(b) Separate laboratory tests of each coat and of the combined coats should bk 
made for permeability to water. 

(c) It is desirable to test paints for under-water use by immersion in at least twe 
or three different kinds of-water. The waters in which the tests are to be made should 
be analyzed and full analyses inserted in the records. 

(d) Bare panels of the same steel should be similarly exposed. In fact it seem 
desirable to conduct tests of metals and protective paints under the same environment 

(e) Tests should be made and record kept of the spreading properties of eact 
coat. 


2. Preparation of Surface: 


Preparation of the surface is very important in order to get comparative test 
All grease and dirt should ke removed and the surface sandblasted or pickled free 
from scale. Sandblasting is preferable. After cleaning, the test panels should I 
kept in a dry room or otherwise protected to avoid rusting. Just before applying 
the first coat, the metal should be given another cleaning operation by sandblasting 
or thorough scratch brushing to remove any rust that may have formed since the 
panels were cleaned. 


3. Application of Paint: 

Immediately after the final cleaning, the priming coat should be brushed on an 
observations taken of the temperature and humidity of the air. Painting should b 
done indoors with a humidity less than 80 per cent. Sounder films can usually | 
obtained by drying outdoors in sunlight. It is important, therefore, to dry tes! 
panels under controlled conditions. The time required to dry to touch should 
recorded. The actual time permitted for drying between coats depends on the ty 
of service. For paints intended for ship bottoms, or other structures where the dry 
ing time is limited, 24 hr. between coats should be allowed. For other purposes 4 
fixed drying time of not less than 48 hr. between coats is recommended. However, 
all paints tested for a specific purpose should be given the same drying time. 

When the first coat has been given the specified drying time, a second coat sh 
be applied in the same way with the required drying time before immersion. 

The second coat should be applied from top to bottom over the first coat, but on 
only one- -half of the panel. Edges of test panels should be further protected by dipping 
in a shallow pan containing a durable quick-drying paint. When the final coat! 
dry and just before it is put under test, a scratch should be ruled with a sharp tool 
across the panel about four inches from the bottom with enough pressure to pent 
trate the paint and slightly mark the metal. 

It is recommended that No. 16-gage steel panels 8 by 12 in. be used. Ameri 
hot-rolled (blue) annealed basic open-hearth steel with copper contents not exceedit 
0.03 per cent is available in most of the puing houses and is recommended for stan¢- 
ard panels. 
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4, Adhesion: 


Test samples should be prepared at the same time the panels are painted for test 
under impact and by bending to determine the adhesion of the coating to the metal 


and any tendency to crack or spall. (Details in regard to these tests and the per- 
meability test should be specified.) 


5. Testing Method: 


Various methods have been used for conducting panel tests. Submerged tests 
in water may be made by placing the panels on a hinged rack so that the whole batch 
can be readily lowered into the water and removed for examination. Mr. H. A. 
Gardner uses a tank 6 ft. long by 24 in. wide by 6in. deep. For alternate wetting and 
drying the rack can be easily immersed over night and exposed to the weather and 
sun during the daytime. The size of the panels should not exceed 5 by 10 in. so 
that the rack will not be too heavy. This test gives a fairly quick indication of dura- 
bility of paints under atmospheric and alternate immersion conditions. 

It may be desirable in the preliminary study of paints to conduct atmospheric, 
partial-immersion, and total-immersion tests, at the same time and in the same 
locality, but atmospheric tests are apt to be misleading when made in localities where 
the rainfall varies widely from year to year, unless periodically sprinkled with water. 

Test panels should be insulated at least 1 in. from each other and be submerged 
ina vertical position. 

The Sub-Tropical Testing Laboratory at Miami, Fla., uses two methods of test- 
ing paints for partial and fully submerged water service. A tide water rack is securely 
attached to the wharf facing south and panels are placed upon this rack. At high 
tide the panels are completely submerged; at low tide, completely out of the water. 
For continuous exposure to water the panels are placed on a rack and suspended by 
arope or suitable cable and weighted to prevent excessive movement. - 

The final test of any paint should, of course, be carried out in several localities 
under service conditions. 

Inspection of test panels should be made at least every three months by removing 
and cleaning the samples, taking precautions to avoid injury to the coating. Records 
should be made of blistering and whether this is found under the first or under both 
coats. Observations should also be made as to the formation of rust tubercles, which 
would indicate total failure of the coating. The use of a ‘‘ferricyanide pattern test” 
on paint coatings, similar to the method developed by Ewing and Scott! at the National 
Bureau of Standards, might be used to indicate initial breaks and porosity in coat- 
ngs. This test when applied with proper technique to new paint might indicate | 
‘aulty application. 

A panel painted with a standard material that is readily obtainable, such as red 
kad (U. S. Navy formula) should be used for comparison in all tests. i 

Some of the more important factors involved are outlined briefly above for com- : 

ents and as a basis for the formulation of a Code of Procedure for Testing Paints. 


This report has been submitted to letter ballot of the committee, which 
msists of 182 members; 71 members returned their ballots, of whom 34 
have voted affirmatively and none negatively. : 


Respectfully submitted on behalf of the committee, 


ALLEN ROGERS, 
M. Rea Paut, Chairman. 
Secretary. 


a N. Scott, “Pipe Coating Tests,” Proceedings, Am. Petroleum Inst., 1931, and also subsequent 
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REPORT OF SUBCOMMITTEE VIII ON METHODS OF ANALYSIS OF 
PAINT MATERIALS 


Subcommittee VIII has adopted a program of cooperative work on 
hiding power with a view toward revising and improving the present 
method of test for hiding power of paints. Definite progress can be re- 
ported in this cooperative work, but the detailed information is not in form 
to be submitted at this time. It is expected that this work will permit a 
revision of the method next year. At the present time, this subcommittee 
recommends that the present Tentative Method of Test for Comparative 
Hiding Power of Paints (D 334-32 T) be continued as tentative without 
revision. 
The Tentative Method D 334-32 T does not permit the determina- 
tion of the hiding power of pigments. ‘This subcommittee accordingly 
recommends for publication as tentative a Method of Test for Compara- 
tive Hiding Power of White Pigments, as appended hereto.' While the 
method used in this test is being studied in the present cooperative work 
and will possibly be somewhat modified during the next year, it is con- 
sidered desirable to introduce a method of test for pigments at this time. 
The subcommittee recommends that the tentative revisions proposed 
in 1932? and 1934? in the following standards be submitted to the Society 
for adoption as standard: 
Revision of Standard Methods of Routine Analysis of Dry Red Lead (D 49 - 33 
Revision of Standard Methods of Routine Analysis of White Linseed Oil Paint 
(D 215 - 29) 

Revision of Standard Methods of Routine Analysis of Yellow and Orange Pig- 
ments Containing Chromium Compounds, Blue Pigments and Chron 
Green (D 126-27) 

Tentative Method for Tinting Strength of White Pigments or White 
Pigment Pastes (D 332-34 T)3—At the June, 1934, meeting Subcon- 
mittee VIII sponsored a symposium on tinting strength of dry colors and 
of white pigments. As a result of the data given and discussion in that 
symposium, this subcommittee has considered it desirable to make some 
rather extensive changes in its tinting strength methods. An attempt 
has been made to have the tinting strength procedure described in the 
tentative methods conform as far as possible to the method adopted by 
the Federation of Paint and Varnish Production Clubs. A revision of 
the Tentative Method D 332-34 T has, therefore, been prepared and 


1 See p. 874.—Eb. 
2 Proceedings, Am. Soc. Testing wre Vol. 32, Part I, pp. 1010 to 1014 (1932) ont Vol. 34, Part I, 1 
1265 te 1271 (1934); also 1934 Book of A ‘S.T.M. Tentative tandards, pp. 1193 to 119 
Proceedings, = Soc. Testing Mats., Vol. 34, Part I, p. 866 (1934); also 1934 Book of A.S.T.M. Tents 
tive Standards, p. 553. 
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On MetHops or ANALysIS OF PAINT MATERIALS 
incorporated in the completely modified method, appended hereto,' 
which the subcommittee recommends be accepted and the method as 
revised continued as tentative. 

Tentative Methods of Test for Mass Color and Tinting Strength of Dry 
Color Pigments or Pastes (D 387-34 T).2—For the same reasons as indi- 
cated above, the subcommittee also recommends that these tentative 
methods be revised as follows and continued as tentative: 

Section 2.—Change Paragraph (a) of this section to read as follows by 


the addition of the italicized words: 


(a) Balance.—Regulation laboratory balance, sensitive to at least 1 mg. 


Add the following sentence at the end of Paragraph (c) of this section: 
The edge should be beveled. 


Section 3 (b).—Add the following formula, following Formula No. 2 
in this section: 


25 Ib. Heat bodied oil (of ““O” 


100 lb. Green Seal zinc oxide 
Litho varnish consistency) 


Section 4.—Change the table, appearing in Paragraph (a) of this 
section, to read as follows by the addition of the italicized words and 
figures and the omission of the figure in brackets: 

Tora, NUMBER OF RuBS 


REQUIRED FOR PIGMENT Pick-up REQUIRED 
In Paragraph (0) of this section, delete the fifth sentence, which reads 
follows: 


Observation for floating, bronzing, etc., shall be taken note of after 2 or 3 hr., 
is fact is important to the purchaser. 7 


Add the following note at the end of Paragraph (0): 


Note.—Where higher precision is required than that afforded by visual examina- 

n or where it is desirable to determine the color characteristics of the material 
terms of fundamental physical units, this may be done by use of the Standard 
lethod of Analysis for the Color Characteristics of Paints in Terms of Fundamental 
‘hysical Units (A.S.T.M. Designation: D 307) of the American Society for Testing 


laterials.3 
Section 5 (b).—In the table giving the pigment rub-out scheme, appear- 
gin this section, under the column headed “Mulls or Rubs,” change all 


p. 877.—Ep. 
* Proceedings, ia. Soc. Testing Mats., Vol. 34, Part I, p. 871 (1934); also 1934 Book of A.S.T.M. Tenta- 
558. 


¢ Standards, p. 


19338Book of AS. S.T.M. Standards, Part II, p. 731. 
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figures now given as ‘‘50” to read “60” and all figures now given as “75” 
to read ‘‘80.” 

In the same table under the column headed ‘‘ Reduction, Grams of 
Reduction Paste to Grams of Mulled Paste,” change the figures for high 
strength carbon black, lampblack, and carbon black from “2 to 0.1” to 
read “5 to 0.1.” 

Standard Methods of Routine Analysis of Yellow and Orange Pigments 
Containing Chromium Compounds, Blue Pigments, and Chrome Green 
(D 126 — 27).\—It has been pointed out that iron blue sold today is prac- 


tically all soda blue instead of the potash blue formerly used. As a result, ( 

the factor now given in A.S.T.M. methods, namely, that for potash blue, regul: 

| is incorrect. The subcommittee accordingly recommends that the follow- Januc 

ing revision of this standard method be accepted for publication as on ind 

tentative: 

Section 24.—Changé this section to read as follows by the addition of I 

the italicized words and figures and the omission of those in brackets: of Tr 

24. The percentage of Prussian blue may be obtained with sufficient accuracy Classi 

_ for commercial purposes by multiplying the percentage of nitrogen by [4.4] 3.404 or A 
the percentage of [iron (in the absence of other iron pigments) by 3.03] ammonia 

by 2.8. of Te 

Standard Methods of Routine Analysis of White Linseed Oil Paints os 


(D 215 — 29).2—It has been pointed out that in determining the nature of 
the thinner in the routine analysis of white linseed oil paints, it is difficult 
to determine the amount of turpentine in the thinner when it is present in Appron 
only small amounts. A modification has been suggested by Mr. Floyd 


| Roberts of the North Dakota Regulatory Department and it has been ~ 
_ found by several laboratories to work satisfactorily. The subcommittee 
accordingly recommends that the following revision of this standard method At 
be accepted for publication as tentative: 
Nature of the Thinner.—Add the following paragraph at the end of 
this section: es 
When the amount of turpentine in the thinner is small so that its presence is > 


questionable, it may be detected by placing two drops of the distillate and 2 to 3 ml. 
of chloroform in a dry test tube and adding one drop of antimony pentachloride. A on Sta 
slow or slight change in color will indicate the absence of turpentine. A rapid change Specifi 
in color to a dark red or purple will indicate the possibility of turpentine. The iodine TI 
number for turpentine by the Wijs method under these conditions is approximately 
340. An iodine number of 20 or over will give additional proof of the presence of shag 


turpentine and enable calculation of the approximate amount. ‘In 

result, 

Respectfully submitted on behalf of the subcommittee, =e 66m 

G. F. A, Stutz, 
Chairman. “ting,” 


11933 Book of A.S.T.M. Standards, Part II, p. 617. — 
[bid., p. 583. 
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REPORT OF COMMITTEE D-2 


Us ON 
m PETROLEUM PRODUCTS AND LUBRICANTS 
It, Committee D-2 on Petroleum Products and Lubricants held three 
le, regular meetings during the past year (in June at Atlantic City, N. J., in 
W- January at New York, N. Y., and in March at Philadelphia, Pa.) and also 
as an informal meeting in November at Dallas, Tex., at the time of the annual 
meeting of the American Petroleum Institute. 
of During the year, the name of Subcommittee XXVII on Classification 
of Transmission Lubricants and Automotive Greases was changed to 
acy Classification of Automotive Lubricants so as to include crankcase oil. 
o Acting as Sectional Committee Z11 on Nomenclature and Methods 
of Testing Petroleum Products and Lubricants, functioning under the 
. procedure of the American Standards Association, the following recom- 
we? mendations in connection with American Standards have been made 
“ult during the year: | 
Approval of Revision of American Standards: 
Kd Method of Test for Cloud and Pour Points (D 97 - 34) (A.S.A. No. Z11.5 - 1934) 
een Method of Test for Sulfur in Petroleum Oils by Bomb Method (D 129 - 34) 
ttee (A.S.A. No. Z11.13 — 1934) 
hod Abridged Volume Correction Table for Petroleum Oils (D 206-34) (A.S.A. 
No. Z11.1 - 1934) 
These recommendations have been approved by the American Standards 
_ Association with A.S.A. numbers as indicated. 
cel Acting on the recommendation of Committee D-2,! Committee E-10 
A n Standards on August 22, 1934, accepted for publication the Tentative 
range Specifications for Fuel Oils (D 396 — 34 T).? 
a he voting membership of Committee D-2 now consists of 41 producer, 
nap consumer, and 13 general interest members. 
'In submitting these tentative specifications to Committee E-10 on Standards the committee reported 
‘results of the letter ballot as follows: Of the voting membership of Committee D-2, consisting of 84 mem- 
«ts, 66 members returned their ballots, of whom 48 voted affirmatively, 10 negatively and 8 marked their 
“lots ‘not voting.’ Of the voting membership of Technical Committee C consisting of 75 members, 45 
’ embers returned their ballots, of whom 38 voted affirmatively, 5 negatively and 2 marked their ballots “not 
an. 


*roceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 882 (1934); also 1934 Book of A.S.T.M. 
ive Standards, p. 591. 
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ACTIVITIES OF SUBCOMMITTEES AND TECHNICAL COMMITTEES 


Appended hereto is the report of Subcommittee X on Sligh Oxidation 
Test. 

Subcommittee I on Corrosion Test for Lubricating Oils (H. C. Mougey, 
chairman) is cooperating with a subcommittee of the Lubricants Division 
of the Society of Automotive Engineers in the development of laboratory 
test methods which will correlate with road service. The present program 
involves the following: 


1. Laboratory Corrosion Tests in which the bearing metal is heated in the lubricant 
under test at an elevated temperature for a definite period of time. (This type of 
test will indicate loss in weight and loss in dimensions and would serve to eliminate 
corrosive lubricants. Lubricants which pass this test would also have to pass the 
laboratory and engine tests mentioned below under items 2 and 3.) 

2. Laboratory Bearing Tests in which bearings are operated at loads, speeds and 
temperatures comparable to service. (This test will determine the behavior of a 
specific bearing and lubricant combination, but would not necessarily determine if 
the combination would function satisfactorily in an engine of specific design.) 

3. Engine Tests in which the specific combination of bearing material and lubricant 
is tested under actual service conditions. 


The cooperation of the subcommittee is particularly with respect to 
items 1 and 2, as item 3 is primarily a function of the engine manufacturer. 

Subcommittee X X on Nomenclature (A. E. Miller, chairman) is engaged 
in the preparation of a dictionary of terms used in the petroleum industry, 
in three languages, English, French, and German. This work is being 
done in collaboration with Technical Committee No. 28 on Nomenclature 
and Methods of Testing Petroleum Products and Lubricants of the 
International Standards Association. 

An effort is also being made by this subcommittee to obtain more 
general adoption of the “‘ine”’ spelling of kerosine which has been employed 
for many years by the Society, The Institution of Petroleum Technologists, 
and a limited number of publications. 

Subcommittee XXVII on Classification of Automotive Lubricanls 
(H. C. Mougey, chairman) is cooperating with the S.A.E. Lubricants 
Division on a revision of the viscosity limits in the S.A.E. Crankcase-Oil 
Viscosity Numbers. ‘There is also under consideration a system of desig: 
nating various grades of automotive greases, which is being undertaken 
jointly with the S.A.E. Lubricants Division and the Committee on Stan¢- 
ards and Specifications of the National Association of Lubricating Grease 
Manufacturers. Further developments on this problem await the com 
pletion of a survey by the N.A.L.G.M. of greases now being marketed. 

Technical Committee C on Fuel Oils (Including Diesel Fuel) (Lee Schneit- 
ter, chairman).—On the recommendation of Section I on Domestic an¢ 
Industrial Fuel Oil (H. C. Dickinson, chairman), which also functions 4 
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the standing committee on fuel oils of the Commercial Standards Group 
if the Department of Commerce, that the Commercial Standard for Fuel 
dils (CS 12 — 33) be revised to conform to the A.S.T.M. Tentative Specifi- 
cations for Fuel Oils (D 396 - 34 T), the industry has been canvassed and 
these specifications have been promulgated as Commercial Standard for 
Fuel Oils (CS 12-35), third edition, effective February 15, 1935. A 
meeting of Section I was held on January 11, 1935, to consider sugges- 
tions for further revision of the specifications for fuel oils and plans were 
made to obtain additional information in regard to the effects of carbon 
residue values and the causes of difficulties with certain cracked fuels. 
A request was transmitted to Subcommittee V on Viscosity to consider 
and recommend methods for obtaining viscosity values at 32 F. 

Section II on Diesel Fuel Oils (L. H. Morrison, chairman) held a 
meeting on January 11, 1935, at which T. B. Rendel, chairman of the 
Volunteer Group for Compression-Ignition Fuel Research, presented a 
summary of what had been done in developing a method for determining 
the ignition characteristics of Diesel fuels with a modified C.F.R. engine 
and of its program for further work. 

A revision of the Diesel-Fuel-Oil Classification which first appeared 
in the 1934 report of the committee is shown as Appendix II. 

The joint relation with the former Special Research Committee on 
Diesel Fuel Specifications of the American Society of Mechanical Engineers 
was terminated by the disbanding of the A.S.M.E. committee. 


RECOMMENDATIONS AFFECTING STANDARDS 
Proposed Revisions of Standards: 


The committee recommends editorial changes in one standard method, 
asindicated below, and also proposes modifications of five standard methods 
for publication as tentative revisions. 

Standard Method of Test for Cloud and Pour Points (D 97 -34).— 
The following editorial changes to become effective immediately are recom- 
mended by Subcommittee XVI on Cloud and Pour Test (J. B. Rather, 
chairman) to clarify the meaning: 


Section i0.—Change the last two sentences of the sixth paragraph to 
ead as follows by the addition of the italicized words: 

If the oil does not show a cloud when it has been cooled to 50 F., the test jar 
shall be placed in the jacket in a second bath maintained at a temperature of 0 to 


+5F. If the oil does not show a cloud when it has been cooled to 20 F., the test jar 


= placed in the jacket in a third bath maintained at a temperature of —30 to 


+1934 Supplement to Book of A.S.T.M. Standards, p. 117. 


rye 
' 
: 


| 


Section 12.—Change the caption above this section to read as follows by 
the addition of the italicized words and the omission of the word in brackets: 


_ Special Procedure for Black Oils [and], Cylinder Stocks and Non-Distillate 
Fuel Oils 
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Change Paragraph (c) to read as follows by the addition of the itali- | 
cized word and the omission of the word in brackets: 


_ (c) Both the upper and lower pour points shall be reported [separately]. IIT. 
Standard Method of Test for Distillation of Crude Petroleum (D 285 - 
33).—Tentative revisions, appended hereto,' in this method, are recom- tion 


mended by Subcommittee XXI on Crude Petroleum (A. J. Kraemer, long 
chairman) to improve the accuracy and reproducibility of the method. ' 
The statement of accuracy in the naphtha distillation is not properly a 
part of the method and its deletion is being recommended. 

Standard Method of Flash Point by Means of the Pensky-Martens Closed 
Tester (D 93 — 22).—Tentative revisions, appended hereto,” in this method 
are recommended by Subcommittee XII on Flash Point (J. B. Terry, 
chairman) to provide a procedure for the determination of the flash point 
_of cut-back asphalts and other viscous materials and suspensions of solids. 

Standard Method of Test for Flash Point of Volatile Flammable Liquids 
(Tag Closed Tester) (D 56 — 21).—Revision of this method in the form of a The 


new tentative method, appended hereto,’ is recommended by Subcommittee cent 
XII on Flash Point (J. B. Terry, chairman). This represents a change in om 
form and includes additional provisions for testing lacquer solvents which ably 
originated in Committee D-1 on Preservative Coatings for Structural It is 
Materials. 

Standard Method of Test for Saponification Number (D 94-28)— 4 tole 
Tentative revisions, appended hereto,‘ in this method are recommended are 
by Subcommittee XIII on Neutralization Number and Saponification Ae 
(E. B. McConnell, chairman) to provide information respecting the limite- 
tions of the method. 

Standard Method of Test for Viscosity of Petroleum Products and jae 
Lubricants (D 88 — 33).—Revision of this method in the form of a new ™ 


tentative method appended hereto,® is recommended by Subcommittee J tet fo 


V on Viscosity (J. C. Geniesse, chairman) to define more closely the pro- ote 
cedure for determining viscosity by the Saybolt instrument. a Teat fr 
IT. Adoption of Tentative Revisions of Standards as Standard: a Tat fn 


The committee recommends that the tentative revisions® proposed eae 
last year in the following standard methods be submitted to the Society F ™™ 
for adoption as standard: . 


‘See p. 1400.—Ep. Seep. 1401.—Ep. p.897.—Ep. ‘See p. 1402.—Ep. See p. 914—20. 
* Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, pp. 1272 and 1273 (1934); also 1934 Book of 
A.S.T.M. Tentative Standards, pp. 1200 and 1201. 
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by Revision of Standard Method of Test for Dilution of Crankcase Oils (D 322 — 33) 
ts Revision of Standard Method of Test for Distillaton of Gasoline, Naphtha, 


Kerosine and Similar Petroleum Products (D 86 - 30) 
Revision of Standard Method of Test for Precipitation Number of Lubricating 
Oils (D 91 - 33) 
ii. Revision of Standard Method of Test for Water and Sediment in Petroleum 
Products by Means of Centrifuge (D 96 - 30) 


III. Tentative Standards Continued as Tentative: 


5 - Four methods of test and the tentative definitions under the jurisdic- 
ym- tion of the committee have been tentative for a period of three years or 
er, longer without revision, as follows: 


Tentative Method of Test for Neutralization Number of Petroleum Products 
ya and Lubricants (D 188 - 27 T) 

Tentative Method of Test for Expressible Oil and Moisture in Paraffin Waxes 
(D 308 29 T) 


hod Tentative Method of Test for Vapor Pressure of Natural Gasoline (Reid Method) 
(D 323 - 32 T) 

try, Tentative Standard Viscosity-Temperature Chart for Liquid Petroleum Prod- 

oint ucts (D 341 - 32 T) 

lids. Tentative Definitions of Terms Relating to Petroleum (D 288-31 T)! 

. The second of these methods is highly empirical and it has not had a sufhi- 

tee ciently long trial to justify its adoption because of its relatively infrequent 

ein § Se: The other tentative methods and the tentative definitions will prob- 

hich ably be revised before they are recommended for adoption as standard. 

ae It is accordingly recommended that they be continued as tentative. 


The recommendations appearing in this report have been submitted 


a to letter ballot of the committee, which consists of 87 members; 66 members 
nde returned their ballots, the results being as follows: 
ation 
nita- Ballots 
Items Affirm- | Neg- | Marked 
ative | ative | “Not 
and Voting” 
new I. Proposep Revisions or STANDARDS 
. ttee Test for Cloud and Pour Points (D 97 - 34), editorial revision.......................00000000: 60 1 5 
il est for Distillation of Crude Petroleum (D 285 -33)............0.0ccccceecccecuccecucucees 55 2 9 
. pro- Test for Flash Point by Means of the Pensky-Martens Closed Tester (D 93-22)............... 58 2 6 
p Test for Flash Point of Volatile Flammable Liquids (Tag Closed Tester) (D 56-21)............ 58 1 7 
Test for Saponification Number (D 61 0 5 
Test for Viscosity of Petroleum Products and Lubricants (D 88 -33)*........................ 59 1 3 
II. Apoprion or Tentative Revision oF STANDARDS AS STANDARD 
Test for Dilution of Crankease Oils (D 322 -33).............0ccccececeegeceeececsesceesses 61 0 5 
posed Test for Distillation of Gasoline, Naphtha, Kerosine and Similar Petroleum Products (D 86-30)..| 65 0 1 
. eat for Precipitation Number of Lubricating Oils (D 91 -33).................---cecceeeeeees 61 1 4 
ciety Test for Water and Sediment in Petroleum Products By Means of Centrifuge (D 96-30)........ 61 2 3 
“These are the results of the letter ballot vote canvassed subsequent to the annual meeting on the 
” ethod as revised, see Summary of Proceedings, p. 11. 
Book ‘See Editorial Note, p. 332.—Ep. 


| 
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This report has been submitted to letter ballot of the committee, 
which consists of 87 members; 66 members returned their ballots, of 
whom 65 have voted affirmatively and none negatively. _ 


Respectfully submitted on behalf of the committee, 


R. P. ANDERSON, T. A. Bovyp, 


Secretary. Chairman. 


EpiTrorIAL 


_ Subsequent to the annual meeting Committee D-2 on Petroleum Products and 
Lubricants presented to the Society on August 22, 1935, through Committee E-10 
on Standards the following additional recommendations: 

Proposed Tentative Method of Test for Vapor Pressure of Motor and Aviation 
Gasoline (Reid Method) (D 417-35 T). 
- Revision of the Tentative Definitions of Terms Relating to Petroleum (D 288- 
31 T) comprising a slight modification of the definition for fuel oil. 
A tentative revision of the Standard Method of Test for Gravity of Petroleum 
and Petroleum Products by Means of the Hydrometer (D 287 - 33). 
The above recommendations were accepted ae Committee E-10 and appear 
respectively on pp. 903, 920 and 1402. ; 
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To obtain data on the reproducibility of the results obtainable with 
the Sligh oxidation test, samples of three different oils and of one A.S.T.M. 
precipitation naphtha! were sent out to a number of cooperating laboratories 
with requests that values of Sligh oxidation number be obtained in tripli- 
cate. The results reported by the various laboratories are shown in Table I. 

The results of laboratory No. 1 are consistently low, whereas, those of 
laboratory No. 3 are consistently high. The data for oil No. 3 reported 


by laboratory No. 9 are the only ones seriously out of line and, in general, 
TABLE I.—RESULTS OF SLIGH OXIDATION TESTS REPORTED BY COOPERATING 
LABORATORIES. 


Oil No. 1 Using Oil No. 2 Gia, Oil No. 3 Using 
A.S.T.M. Precipitation Napbtha A.S.T.M. Precipitation Naphtha A.S.T.M. Precipitation Naphtha 


Sligh Oxidation Devia- | Sligh Oxidation Devia- || Sligh Oxidation Devia- 
Number 


Average |tion from Number tion from tion from 
Average Average Average 


25.3, 27.9, 26.7, : : 44.4, 42.8, 38.2, 
27.3, 26.5 4.4, 40.2 


on 


a 


> 


gO 
= 


oso 


aon 
fea 
ad 

o 


No, 9..] 7.3, 8.6, 9.5 

10..) 9.3, 10.1, 10.0 
Grand 
average 29.742.6 46.643.7 


very good agreement is shown between the various laboratories. On the 
average, the different laboratories were found to agree within 10 per cent, 
whereas, check results by the same laboratory were in much closer 
agreement. 

In addition to the determinations with the A.S.T.M. precipitation 
naphtha, each laboratory was requested to make tests if possible on the 
three oils using their own precipitation naphthas. The average results of 
these tests are shown in Table II in comparison with the average results 
using the A.S.T.M. naphtha supplied for the tests. Very good agreement 

! The petroleum naphtha conformed to the requirements in Section 6 of the Standard Method of Test for 


ietipitation Number of Lubricating Oils (A.S.T.M. Designation: D 91), see 1935 Supplement to Book of 
AS.T.M. Standards, p. 186. 


i 
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Labo : 
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No. 
No. 45.7 0.9 
No, 51.7 51.2 4.6 
No. os 44.2 2.4 
No, 146.3) 46.5 0.1 
No. i, 41.3 5.3 
No. 45.0 1.6 : 
7 2.9 : 
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was found between the grand average values for the two naphthas. In 
taking the grand average for the laboratory naphthas, the data obtained 
by laboratories Nos. 5 and 9 were omitted since the naphthas used were 
not comparable with A.S.T.M. precipitation naphtha. 


TABLE II.—CoMPARISON OF AVERAGE RESULTS WITH A.S.T.M. PRECIPITATION NAPHTHA 
DISTRIBUTED AND WITH THE NAPHTHA USED BY EACH LABORATORY. 


Average Sligh Oxidation Numbers 


- Laboratory Oil No. 1 Oil No. 2 Oil No. 3 


A.S.T.M. | Laboratory 8.T.M. | Laboratory | A.S.T.M. | Laboratory 
Naphtha Naphtha Naphtha Naphtha Naphtha 


Dine 

_ 


oo 
o 


© Casinghea ry prepared to give Sligh oxidation numbers comparable with those obtained with a selected sample of 
“petroleum ether, U.S.P.” 


In addition to the values reported, each laboratory was requested to 
give detailed information regarding the procedure used in making the 
determinations. On examination, very close uniformity of procedure was 
found and the subcommittee recommends that the more detailed descrip- 
tion of the method appearing in Appendix I be published for information. 

The subcommittee is of the opinion that the major source of uncer- 
tainty in the method is the filtering medium and a further investigation 
of this point is in progress. 


Respectfully submitted on behalf of the subcommittee, _ 


C. BRIDGEMAN, 
Chairman. 
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APPENDIX I 


PROPOSED METHOD OF TEST FOR OXIDATION NUMBER OF 
LUBRICATING OILS BY THE SLIGH METHOD 


This is a proposed method and is published as information only. Suggestions for re- 
vision are solicited and should be addressed to the Headquarters of the Society, 260 S. 
Broad St., Philadelphia, Pa. 


APPARATUS 


1. The apparatus required consists of oxidation flasks, an oxidation bath, oil 
pipettes, Erlenmeyer flasks, Gooch crucibles, suction flasks and accessories, an electric 
oven and an analytical balance, conforming to the requirements of the following 
Paragraphs (a) to (f): 

(a) Oxidation Flasks.—The oxidation flasks shall be special long-necked flasks 
with ground-glass stoppers and convection plugs, conforming to the dimensions 
| shown in Fig. 1. The convection plugs shall be interchangeable in the flasks. Each 
oxidation flask and stopper shall be numbered for identification. 

It is essential that the stopper shall be accurately ground into the neck of the 
oxidation flask. This may be tested by seating the stopper with a drop of naphtha 
on the ground surface. If any motion of the thin film of naphtha between the ground 
surfaces is observed when a lateral force is applied to the top of the stopper, the fit 
is unsatisfactory. 

Stopper clamps shall be provided, which may be made from No. 15 B. & S. gage 
phosphor-bronze spring wire, or from any other suitable material. The clamp should 
exert a total force of about 2 lb. on the stopper. That portion of the clamp encircling 
the neck of the flask just below the bead shall be cushioned with any suitable material 
to avoid localized pressure which might cause breakage of the flask. 

(b) Oxidation Bath.—A well-stirred oil bath capable of being maintained elec- 
rically at a temperature of 200 C. + 1 C. shall be used for the oxidation experiments. 
The bath shall be thermally insulated, and the circulation of the oil shall be such 

at any temperature gradients between the oil in different parts of the bath shall 
eless than 1 C. The bath should preferably be of circuiar form, 11 in. in inside 
ameter and 8 in. in depth. A bath of this size will accommodate six oxidation 

ks. Clamps or supports to hold the flasks in a vertical position shall be provided, 
nd a well-fitted cover should be used to reduce the rate of deterioration of the bath 
aland to protect the greased stoppers in the flasks from overheating. It is important 
that the upper part of the flask neck be kept cool, since leakage of oxygen almost 
invariably results if the stopcock grease used becomes hot enough to flow. Thermal 
insulation of the top of the bath with }-in. asbestos board may be used to assist in 
keeping the greased seals cool. 

The type of bath shown in Fig. 2 has been found to be satisfactory. Such a 
— an electrical input of from 200 to 300 w. to maintain a temperature 
ut 200 C. 

The oil used in the oxidation bath should have a high flash point in order to mini- 
‘uuze the fire hazard, and should have a high resistance to oxidation. 
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dimensions shown in Fig. 1. The upper part of the pipette may be graduated, if 
desired, in 0.1-ml. subdivisions, covering the range from 11.0 to 13.5 ml. In this 
case, the first and each succeeding 1-ml. and 0.5-ml. line shall be longer than the 
intermediate lines and the graduations shall be numbered at the 11, 12, 13 and 
13.5-ml. marks. 


: (c) Oil Pipettes—The oil pipettes shall be of glass and shall conform to the 


A 
| 3 
IAL 60mm 
- 
kee 
0.D. 2°: a 


}<---- 60mm. 1.0mm. --->} 


Pinett 


Fic. 1.—Oxidation Flask and Oil Pipette. _ 


(d) Erlenmeyer Flasks —The Erlenmeyer flasks shall have a capacity of about 
125 ml. and shall be fitted with ground-glass stoppers. A mark shall be etched 0 
the side of each flask indicating a volume of 100 ml. 

(e) Gooch Crucibles—The Gooch crucibles shall be of the ordinary variety, 
size No. 3 (25 ml.), of porcelain with perforated bottoms. The crucibles shall b 
marked for identification, which may be done in any convenient manner provided, 
however, that the marking material does not vaporize at a temperature of 110C. _ 

(f) Suction Flasks and Accessories—A suction flask shall be provided fitted with 
a funnel adapter for the Gooch crucibles. Suction shall be applied under a redu 
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pressure of about 8 cm. of mercury. A three-way stopcock shall be inserted in the 
line between the suction flask and the pressure regulator so that air may be let into 
the suction flask at the completion of the filtration. 

(g) Electric Oven.—An electric oven is required which can be maintained at a 
constant temperature of about 105 C. 

(h) Balance.—An analytical balance having a sensitivity of 0.1 mg. shall be 
employed for weighing the Gooch crucibles. If desired, a balance having a sensitivity 
of 0.01 g. may be used for weighing the oil samples. 


MATERIALS 


2. (a) Asbestos Suspension.—The asbestos suspension for use in the preparation 
of the filters shall consist of about 6 g. of finely divided asbestos fiber suspended in 


Oxidation tlask> Jo circu 
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Fic. 2.—Oil Bath for Sligh Oxidation Test. 


uter of distilled water. The suspension shall be made up by shaking the asbestos 
1 water until the bundles of fiber are completely disintegrated. The fine suspension 
hould then be decanted from the small amount of coarse fiber which settles rapidly 
'o the bottom of the vessel. Acid-washed short fiber is suitable for this work and dis- 
tegrates into a fine suspension more rapidly than does the more expensive long-fiber 
material, 
(b) Stopcock Grease.—The stopcock grease employed on the ground stoppers 
{the oxidation flasks shall be of medium or hard grade as required to maintain the 
‘al under the operating conditions. A grease made of 72 per cent of petrolatum, 


\6 per cent of pure gum rubber and 12 per cent of paraffin wax cooked at 200 C. has 
Proven satisfactory. 
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(c) Precipitation Naphtha.—The precipitation naphtha employed shall meet 
the specifications for naphtha used in determining the precipitation number of lubri- 
cating oils, as prescribed in the Standard Method of Test for Precipitation Number of 
Lubricating Oils (A.S.T.M. Designation: D 91) of the American Society for Testing 
Materials.' 


PROCEDURE 


3. (a) Weigh a clean, dry oxidation flask to 0.01 g. and by means of the oil pipett 
transfer 10 g.+ 0.1 g. of oil to the flask. Care shall be taken that none of the oil 
comes in contact with the neck of the flask. The stopper of the flask shall now be 
slightly greased and the convection plug attached. By means of a glass tube inserted 
through the neck of the flask, oxygen from a tank shall be allowed to flow into the 
flask at the rate of about 2 liters per minute. After all air has been displaced by 
oxygen, which should take about 30 sec., the glass tube shall be removed and the 
stopper carrying the convection plug quickly inserted, seated and clamped. 

(b) The flask shall now be secured in place in the oxidation bath which has 
already been brought to a temperature of 200 C. The level of the bath liquid shall 
be about 1 in. above the body of the flask. The flask shall be allowed to remain 
in the oxidation bath for 2} hr. and during this period the temperature shall be main- 
tained at 200 C.+ 1 C. The flask shall then be removed and allowed to cool and 
any of the bath oil remaining on the outside of the flask shall be washed off with 
gasoline or a mixture of gasoline and benzol. 

(c) After the outside of the flask has been dried, the flask shall be opened and 
any stopcock grease left on the ground surface shal] be carefully wiped off with a 
clean cloth. A 50-ml. portion of precipitation naphtha shall be added to the oxidized 
oil and mixed thoroughly with it by swirling. This solution shall be transferred 
quantitatively to a glass-stoppered Erlenmeyer flask, the oxidation flask being rinsed 
out carefully with successive small portions of precipitation naphtha which may 
conveniently be added from a wash bottle. The solution shall then be made up toa 
total volume of 100 ml. by further addition of precipitation naphtha. The grouné- 
glass stopper shall then be inserted in the Erlenmeyer flask and the solution thor- 
oughly mixed by shaking, after which the flask shall be allowed to stand at a tempera- 
ture of 25 C. = 2 C. for a period of 1 hr. 

(d@) A Gooch crucible shall be prepared for the filtration process by pouring 
into it about 20 ml. of the asbestos suspension. After being allowed to drain for 
few minutes to permit the formation of a thin mat on the bottom of the crucible, 
this mat shall be sucked dry in the suction flask. If desired, the filter may be washed 
with ethyl alcohol to hasten the drying. If pure ethyl alcohol is not available, denatured 
alcohol containing 90 per cent ethyl and 10 per cent methy] alcohol may be employed. 
Alcohol containing any denaturant other than methyl alcohol should not be used. The 
crucible shall then be dried in the electric oven at 105 C. for a period ranging from 
30 to 60 min., as required, to reach constant weight. After the crucible has been 
allowed to cool in a desiccator it shall be weighed to 0.1 mg. The weighed crucible 
shall now be placed in the suction flask and the clear solution above the precipitate 
in the Erlenmeyer flask shall be poured onto the filter. When practically all of the 
clear solution has been decanted, the oil on the side of the filter shall be carefully 
washed off with a stream of precipitation naphtha from a wash bottle. The precipitate 
shall then be quantitatively transferred to the filter, using a stiff bristle brush " 
necessary to detach portions of the precipitate from the walls of the flask. If a brus! 
is used any precipitate adhering to the brush must be carefully washed off into th 


11935 Supplement to Book of A.S.T.M. Standards, p. 186. 
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filter by means of precipitation naphtha. Finally, the precipitate on the filter shall 
be thoroughly washed with precipitation naphtha to remove traces of oil and then 
shall be sucked dry. The crucible shall be dried in the electric oven at 105 C. for 
15 to 30 min. and after cooling in a desiccator it shall be weighed to 0.1 mg. 

4. Oxidation Number.—The oxidation number of the oil is numerically equal to 
the number of milligrams of precipitate obtained from a 10.0-g. sample of the oil (Note). 


Note: Example.—lIf the weight of precipitate from a 10.0-g. sample of oil is 20.5 mg., 
the oxidation number of the oil is 20.5. 


5. (a) Cleaning Apparatus.—Immediately after use the oxidation flask shall be 
carefully cleaned. For this purpose, it should first be rinsed with chloroform, benzol 
or carbon tetrachloride and allowed to drain in an inverted position until dry. The 
flask shall then be filled with sulfuric-acid cleaning solution and allowed to stand 
for at least 12 hr. unless the cleaning solution is kept hot, in which case the time 
required for cleaning can be reduced by an amount depending upon the temperature. 
The cleaning solution shall than be removed and the flask rinsed several times with 
tap water and finally with distilled water. The flask may be dried on a draining 
rack, or in the electric oven by inserting a glass tube into the flask through which 
air is drawn by suction. 

(6) The convection plugs and the glass stoppers of the oxidation flasks shall 
likewise be cleaned by immersion in sulfuric-acid cleaning solution for the appropriate 
period of time, followed by thorough washing with water and drying. The common 
| practice of rinsing with alcohol and ether to hasten drying should not be followed 
due to the explosive nature of traces of residue which may be left by these materials. 
Thorough cleaning of the oxidation flasks, stoppers and convection plugs is essential 
and shall be performed each time a test is run, since traces of oxidized oil remaining 
in the flask may produce erroneous results in the succeeding test. 

(c) The Erlenmeyer precipitation flasks shall be cleaned by rinsing with benzol 
or carbon tetrachloride followed by rinsing with precipitation naphtha. From time 
to time, it may be necessary to clean them with sulfuric-acid cleaning solution in 
order to remove stains. After each test the asbestos pads in the Gooch crucibles shall 
be removed and any stains wiped off with a clean cloth moistened in benzol or carbon 
tetrachloride, after which the crucible shall be rinsed with precipitation naphtha and 
dried. 

6. Sources of Error.—The largest source of error in the oxidation test appears to 
be attributable to loss of oxygen from the flask during the test. This may be due to 
4 poor fit of the stopper in the neck or to overheating of the neck of the flask due 
‘o inadequate insulation of the top of the oxidation bath. Erratic results may also 
te due to imperfect cleaning of the oxidation flasks or to accidental contamination 
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DIESEL-FUEL-OIL CLASSIFICATION Mr. ] 
and I 


Manufacturers and users of Diesel engines, as well as petroleum re- 
finers and distributors, have long felt the need for some classification 
differentiating types of fuel oils suitable for Diesel engines. The class- 
fication shown in Table I, covering five grades of oil, was developed by 


TABLE CLASSIFICATION. 


Water and Viscosity, seconds Carbon 
Flash Residue,| Ash, Pour 
Point, per cent |per cent | Point, 
Grade of Diesel Fuel deg. y Saybolt Saybolt y y deg. 
Fahr. / Universal Furol (at| weight | weight | Fahr. 
(at 100 F.) 122 F.) 


Min.” | Max. | Max. . | Max. | Max.¢ 


32 50 35 


0.1 32 70 35 
0.6 250 35 
1 0.08 


.| Limits for No. 6-D fuel are the same as for No. 6 oil in the Tentative Specifications for Fuel (ils 
(A.S.T.M. Designation: D 396-34 T) of the American Society for Testing Materials,! unlex 
modified by special negotiations between buyer and seller. 


@ Minimum flash point, as stated or as required by local fire regulations, Fire Underwriters or state laws. 
» For viscosities below 35 sec. at 100 F. Saybolt Universal, other methods than that by the Saybolt Universal viscosimeter 
at 100 F. may be used and the results converted. 
© Lower pour points may be specified whenever required by local temperature conditions to facilitate storage and ws, 
although it should not be necessary to specify a pour point of less than 0 F. 
far as known, sulfur content need not be considered as regards combustion characteristics. However, when sulfur 
content is of consequence—as, for instance, in fuel for engines in intermittent service—the following limits are suggested 


Fuel No. 1-D 1.5 per cent max. Fuel No. 4-D........ 2.0 per cent max. =| 
_ Fuel No. 3-D........ 1.5 per cent max. Fuel No. 5-D 2.0 per cent max. ’ 


* See Table II and discussion in Paragraph (h) of the text. 


the res 
TABLE II.—IGNITION QUALITY.* 
Ow Design 


No. 1-D No. 4 (g 
Cetane number, min Metho 
Diesel index number, min \ 0 
Viscosity-gravity number, max : Materi 
Boiling-point - gravity number, max (h 


* The values in Table II are equivalent within the limits of error of the test methods used. if tuel-oi! 
relations between indexes and between any index and engine operation in the field are not completely estad- 
lished as yet, these values should be used in an approximate way only. 


Technical Committee C on Fuel Oils (Including Diesel Fuel) of Com- 
mittee D-2 on Petroleum Products and Lubricants in an attempt to supply 
this need. This classification was first presented in June, 1934, and has 
been revised as a result of suggestions since received. 

1 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 882 (1934); also 1935 Book of A.S.T.M. Tente 


tive Standards, p. 696. ; 
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It is not nat te intention of the committee that this classification should — 
be used as purchase specifications; but rather that fuels purchased be 
correlated according to the proposed classification in order to determine its 
usefulness. A series of Diesel-fuel-oil specifications should evolve as a 
result of this program. Criticism and comment should be forwarded to 
Mr. R. P. Anderson, Secretary of Committee D-2 on Petroleum Products 
and Lubricants, 50 West 50th Street, New York, N. Y. _ a 


METHODS OF TESTING 


The properties listed in this classification are determined in accordance 
with the following methods of testing: 


(a) Flash Point.—In absence of legal or local requirements, the minimum flash 
point shall be determined in accordance with the Standard Method of Test for Flash 
Point by Means of the Pensky-Martens Closed Tester (A.S.T.M. Designation: D 93) 
of the American Society for Testing Materials." 


(b) Water and Sediment.—Standard Method of Test for Water and Sediment of 


Petroleum Products (A.S.T.M. Designation: D 96) of the American Society for 
Testing Materials.? 


(c) Viscosity.—Standard Methods of Test for Viscosity of Petroleum Products 


and Lubricants (A.S.T.M. Designation: D 88) of the American Society for Testing 
Materials.* 


(d) Carbon Residue.—Standard Method of Test for Carbon Residue of Petroleum 
Products (Conradson Carbon Residue) (A.S.T.M. Designation: D 189) of the Ameri- 
can Society for Testing Materials.‘ 


(e) Ash.—Place 10 g. of the fuel oil in a weighed uncovered platinum crucible 
of a capacity not greater than 100 ml. and heat gently with a Bunsen burner until 
the oil fires and continues to burn when the flame of the burner is applied to the 
surface of the oil. Allow the oil to burn without further application of heat. The 
oil will continue to burn until practically all of it has disappeared. The time required 
will be about 50 min. Then place the platinum crucible in a gas or electric furnace 
and heat to a bright red heat until all carbon is consumed. Cool, weigh and report 
the residue as ash expressed as a percentage of the original 10-g. sample. 

(f) Pour Point.—Standard Method of Test for Cloud and Pour Points (A.S.T.M. 
Designation: D 97) of the American Society for Testing Materials.* 

(g) Sulfur —Standard Method of Test for Sulfur in Petroleum Oils by Bomb 
— (A.S.T.M. Designation: D 129) of the American Society for Testing 

aterials.* 

(h) Ignition Quality. —<According to present opinion, combustion knock in a 
luel-oil-injection engine is caused by the accumulation of fuel in its cylinders prior 
'o ignition. Even under conditions that insure ignition, the fuel may not ignite 
instantaneously but only after a definite delay. The longer this delay, the more 
fuel accumulates in the cylinders, which then burns unevenly, finally causing audible 
imock. If the delay is extreme, the engine will fail to operate with the fuel. It is 
‘ignificant that every factor which tends to aggravate knocking in a spark-ignition 
tsoline engine tends to suppress it in Diesel engines. Fuels of paraffin base con- 


11933 Book of A.S.T.M. Standards, 
11935 Scpplement to Book of A 'p. 190 
ne Book of A.S.T.M. coe Part II, p. 88 


to Book of A.S.T.M. Standards, p. 117. 
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sisting chiefly of saturated straight-chain hydrocarbons give the smoothest com. 
bustion in general, while naphthenes and aromatics burn roughly at low compression 
ratios. It is known that highly cracked products give trouble and also that the 
amount of trouble is increased as the speed of the engine is increased. Turbulence 
in the charge mixture reduces the delay period and turbulence is a controlling factor 
in engine speed. It is now generally agreed that ignition quality is one of the most 
important characteristics of Diesel fuels. 

The committee realizes the impossibility of reducing all types and designs of 
engines to a common rating for fuel-burning characteristics. Engine factors, such as 
combustion-chamber design, turbulence, spray characteristics, compression ratio, 
injection timing, and engine speed, vary greatly in different engine makes. Tests of 
ignitibility on various types of engines have no theoretical significance but have 
provided practical data for the types and sizes of engines on which the tests were 
performed. Fuel characteristics are based on a study of field-engine performance 
correlated with laboratory ratings of various test fuels. Imgnitibility, one of the most 
important characteristics from the standpoint of satisfactory engine operation, has 
been expressed by such indices of performance as cetane number, Diesel index number, 
viscosity-gravity number, and boiling-point-gravity number. 


CreTANE NuMBER.—Cetene number was first proposed by Boerlage and Broez 
of the Bataafsche Petroleum Maatschappij! and is the percentage of cetene in a blend 
of cetene and alphamethylnaphthalene which has the same ignition quality (measured 
in a specified engine under a definite set of engine conditions) as the fuel under test. 
It has been found that more reliable results may be possible when using cetane rather 
than cetene. For this reason, this classification substitutes the cetane number, 
which is determined and expressed in the same manner as the cetene number, namely, 
as the percentage of cetane in a blend of cetane and alphamethylnaphthalene. 


DresEt INDEX NumBER.—Diesel Index number is calculated from aniline point 
and A.P.I. gravity by the following formula: 


(A.P.I. gravity at 60 F.) X (aniline point in deg. Fahr.) 
100 


Aniline Point is the lowest temperature at which equal parts by volume of freshly 
distilled aniline and the test sample of oil are completely miscible. It is determined 
by heating such a mixture in a jacketed test tube to a clear solution and noting the 
temperature at which turbidity appears as the mixture is cooled. 

For A.P.I. Gravity see the Standard Method of Test for Gravity of Petroleum 
and Petroleum Products by Means of the Hydrometer (A.S.T.M. Designation: 
D 287) of the American Society for Testing Materials.? 


Diesel Index Number = 


Viscosity - Gravity NuMBER.—Viscosity - Gravity Number was first proposed by 
Hill and Coats in 1928 and a modification was later advanced by Moore and Kaye 
in 1934.8 The number is determined by the following equation: Oo 


G = 1.082 A — 0.0887 + (0.776 — 0.724) X log log (KV — 4) 


where G = specific gravity at 60 F. 
A = viscosity - gravity constant 


KV = kinematic viscosity in millistokes at 100 F. 


1 Boerlage and Broeze, — Quality of Diesel Fuels as Expressed in Cetene Numbers,” Journs!, 
Soc. Automotive Engrs, 


21933 Book of A.S. Bteadarde, Part II, p. 819. 


3 Moore and Kage, * Practical apps of the Ignition Characteristics of Diesel Fuel Oils,” O# 0” 
ovem 


Gas Journal, p. 108 
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BoILInGc-Potnt - Gravity NumMBEer.—Boiling-Point - Gravity Number was first 
proposed by E. A. Jackson! in 1935. Generally speaking, the larger the number, the 
more naphthenic the oil, and the lower the number, the more paraffinic the oil. The 
number is determined by the following equation: 


G =A + (68 — 0.703A) log B.P. 


A = Boiling-point - gravity constant 


B.P. = SO per cent boiling point on A.S.T.M. distillation curve in degrees Cent. 


1E. A. Jackson, “ Boiling-Point- Gravity Constant is Index of Lubricating Oil Characteristics,” Oil and 
Gas Journal, March 21, 1935, 
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REPORT OF COMMITTEE D-4 
ON 


ROAD AND PAVING MATERIALS 


Committee D-4 on Road and Paving Materials, in an appendix to its 
1934 annual report as preprinted for the annual meeting, presented five 
new proposed specifications for emulsified asphalt, one new method of test 
for separation of liquid asphaltic products, and also proposed revised 
methods of testing emulsified asphalts. After making certain changes in 
these at the annual meeting, they were subsequently approved! by letter 
ballot of the committee and were then referred to Committee E-10 on 
Standards with the recommendation that they be issued by thc Society as 
tentative. At a meeting of Committee E-10 on August 22, 1934, these 
recommendations were accepted and the new specifications and method 
and the revised methods, the titles and designations of which are as follows, 
have been published in the 1934 Proceedings:? 

Tentative Specifications for: 

Emulsified Asphalt (for Coarse Aggregate Plant Mixes) (D 397 - 34 T) 
Emulsified Asphalt (for Retread and Coarse Aggregate Mixes) (D 398 - 34T 
Emulsified Asphalt (Heavy Premix—Summer Grade) (D 399 — 34 T) 
Emulsified Asphalt (Heavy Premix—Winter Grade) (D 400 — 34 T) 
Emulsified Asphalt ((Quick-Setting) for Penetration and Surface Treatment 


(D 401 - 34 T) 
Tentative Method of Test for Separation of Liquid Asphaltic Products (D 402- 
34 T) 


_ Tentative Methods of Testing Emulsified Asphalts (D 244 - 34 T) 


On the recommendation of its Subcommittee B-4 on Ductility, Com- 
mittee D-4 at its meeting in June, 1934, approved the following editorial 
changes in the Tentative Method of Test for Ductility of Bituminous 
Materials (D 113-32 T). These changes were submitted to the Society 
subsequent to the annual meeting and have been incorporated in the method 
as published in the 1934 Book of A.S.T.M. Tentative Standards, page 725: 

Section 2.—The specified dimension between clips was changed to read 
as follows by the addition of the italicized figure and the omission of the 
figure in brackets: 


2.97 to [3.06] 3.03 


1In submitting these specifications and methods to Committee E-10 on Standards, Committee D-4 re- 
ported the following results of the letter ballot vote of a total of 56 ballots returned from a committee member, 
ship of 95: On each of the five Tentative Specifications for Emulsified Asphalt, 44 affirmative, 5 negative am! 
7 ballots marked “not voting"; Tentative Method of Test for Separation of Liquid Asphaltic Products (D 402 - 
34 T), 52 affirmative, 1 negative and 3 ballots marked “not voting”; Tentative Methods of Testing Emulsi 
Asphalts (D 244 — 34 T), 46 affirmative, 4 negative and 6 ballots marked “not voting.” ? 

2 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, pp. 916, 918, 920, 922, 924, 938, 926 (1934); als 
1934 Book of A.S.T.M. Tentative Standards, pp. 684, 686, 688, 690, 692, 728, 711. 
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Figure 1.—The illustration of the mold for the ductility test specimen 
was changed by the inclusion of an over-all dimension of “11.9 cm. + 
0.1 cm.” between the outside extremities of the holes in the mold, and by 
the inclusion of a dimension showing the width of the briquet at the clips 
as “3.15 to 3.25 cm.” The following note was also included with the 
illustration of the mold: 


NotEe.—The opening in the end of each clip, as indicated by “‘x,” shall be half 


its an ellipse having a transverse axis of 3.2 cm. + 0.05 cm. and half of the longitudinal 
ive axis shall be 1.45 to 1.55 cm. 

‘ The committee is recommending the adoption as standard of the 
ie Tentative Method D 113 with a further revision as given later in this 
ter report. 

RECOMMENDATIONS AFFECTING STANDARDS 

a I. Proposed Tentative Standards: 

had Proposed Tentative Volume Correction Table for Asphaltic Products.— 
- Committee D-4 joins with Committee D-8 on Bituminous Waterproofing 


and Roofing Materials in recommending that the tables designated as 

Group 0 and Group 1 in the Standard Abridged Volume Correction Table 

for Petroleum Oils (D 206-34)! be tentatively approved as a Volume 

17) Correction Table for Asphaltic Products. These tables are now in common 
use in the asphalt industry. 

Proposed Tentative Method of Test for Determination of Amount of 

Material Finer than No. 200 Sieve in Aggregates.—This method, appended 

02- & hereto? was prepared by a joint Conference Committee on Silt and Loam, 

appointed by Committee C-9 on Concrete and Concrete Aggregates and 

Committee D-4.3 It has been submitted to letter ballot of Committee C-9 


om: and is now recommended by Committee D-4 for publication as tentative, 
rial | With the following explanatory statement: 
10us The proposed tentative method was prepared as a replacement of the existing 


iety Standard Method of Test for Quantity of Clay and Silt in Gravel for Highway Con- 
hod struction (D 72-21) and Method of Decantation Test for Sand and Other Fine 
725: Aggregates (D 136-28) for the following reasons: 
1. To eliminate two existing standard methods which essentially are for the same 
a — but which differ somewhat in technique and which may not give comparable 
€ results, 


2. To define with precision the maximum size of the fine material determined by 


303 the test and thus eliminate such indefinite terms as clay, silt and loam. 

3. To eliminate the sedimentation methods of the two existing standards. To - 
wate ‘cure accurate results by means of sedimentation it is necessary to control several ; 
ve and variables which are not controlled in either of the existing standards. The control 


See 832.—Eb 
ae Modifications in the method were presented to the Society at the annual meeting, see Summary of Pro- 
p. 19.— Eb. 


‘1934 Supplement to Book of A.S.T.M. Standards, p. 127. 


); also 
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necessary for an accurate sedimentation test is a refinement which is not warranted 
by the purpose of these tests. The desired results may be secured by the simple 
washing test described in the proposed tentative method. 

Attention should be called to the fact that the proposed method will not neces. 
sarily give results comparable with those obtained with either of the existing standard 
methods. The differences will depend on the grading and amount of the fine material 
and on the variations in the technique which are possible in conducting the tests in 
accordance with the present standard methods. Generally speaking, the new method 
may be expected to show somewhat higher percentages of fine material than the 
present standards and the replacement of these by the proposed method may require 
some revision in the test limits of existing standard specifications. 

A number of tests made in one laboratory on representative sands for portland- 
cement concrete gave, with the proposed method, percentages of material finer than 
the No. 200 (74-micron) sieve which averaged about 0.3 per cent higher than the 
fine material determined by the present standard decantation test. 

While it appears that relatively few commercial sands as now produced would 
be affected by the proposed change in the test method, recognition of the increased loss 
should probably be made in specification requirements to avoid the exclusion of what 
are, at present, border-line materials. For example, the usual limit for concrete sand 
of 3.0 per cent removed by decantation might be changed to 3.5 per cent of material 
finer than the No. 200 (74-micron) sieve, or to some other value which might be 
established by further tests. 


Committee D-4 believes that after additional data have been secured, 
this method may be substituted for existing requirements in certain spec- 
fications, resulting in withdrawal of the Standard Method of Test for 
Quantity of Clay and Silt in Gravel for Highway Construction (D 72-21); 
and Method of Decantation Test for Sand and Other Fine Aggregates 
(D 136 — 28). 


IT. Proposed Revision of Standard: 7 ai 


Standard Method of Test for Distillation of Bituminous M aterials Suitable 
for Road Treatment (D 20-30).2—In this method the shield for the dis 
tillation flask is not provided with windows but is otherwise identical with 
the shield described in the Tentative Method of Test for Separation of 
Liquid Asphaltic Products (D 402-34 T). In order to permit the same 
shield to be used for both methods, the committee recommends that the 
following note be added to the standard method. Because it is felt that 
this will in no way modify the results of tests and is merely a matter of 
laboratory efficiency, it is recommended that this change be made as ai 
editorial matter and this note added to the methods immediately: 

Section 4.—Add the following note at the end of this section: 


_ Note.—The use of the shield with observation windows (see the Tentativ 
Method of Test for Separation of Liquid Asphaltic Products (A.S.T.M. Designation 
D 402 - 34 T) of the American Society for Testing saepiemeds is ae 


11933 Book of A.S.T.M. Standards, Part II, pp. 950, 951. 
[bid., p. 953. 
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III. Proposed Revision of Tentative Standards: 


Tentative Method of Test for Residue of Specified Penetration (D 243 - 
32T).! To bring this method in closer conformity with customary practice, 
the committee recommends that it be revised as follows and continued 
as tentative: 

Section 8.—Change the last sentence to read as follows by the addition 
of the italicized words and figures: 


The penetration of the residue shall then be determined in accordance with the 
Standard Method of Test for Penetration of Bituminous Materials (A.S.T.M. Desig- 
nation: D 5) of the American Society for Testing Materials, with the exception that 
the 6-02. container specified in Section 3, in which the evaporation has been conducted, 
shall be used instead of the 3-02. container specified in the Standard Method D 5. 


Tentative Methods of Testing Emulsified Asphalts (D 244-34 T)2—To 
diminate an unnecessary requirement in these methods for apparatus 
which is not used, the committee recommends that they be revised as 
follows and continued as tentative: 


Section 23.—Omit Paragraph (a) which reads as follows, relettering 
the remaining paragraphs accordingly: 


(a) Sieves——The No. 10 sieve, brass frame, of the U. S. Standard Sieve Series, 
conforming to the requirements of the Standard Specifications for Sieves for Testing 
Purposes (A.S.T.M. Designation: E 11) of the American Society for Testing Materials. 


IV. Proposed Adoption of Tentative Standard as Standard: 


Tentative Method of Test for Ductility of Bituminous Materials (D 113 - 
32 T).*—To meet the criticisms of apparatus manufacturers, it is recom- 
mended that the following footnote be included in the method in con- 
nection with Section 2 and Fig. 1, and that with this change the method 
be referred to the Society for adoption as standard: 


The over-all dimension of 11.9 cm. + 0.1 cm. in Fig. 1 shall be waived until 
January 1, 1939, provided the actual dimension is between 11.2 and 11.9 cm. 


This exception is allowed in order to avoid working a a upon apparatus 
manufacturers. 


V. Tentative Standards Continued as Tentative: 


In connection with the tentative standards for which it is responsible 
and which have been published for three or more years without revision, 
Committee D-4 regrets that it is unable at this time to recommend their 
adoption as standard. It hopes, however, to include definite recommenda- 
tions regarding them in its next annual report. It is accordingly recom- 


mended that they be continued as tentative for another year. 
1 Proceedings, Am. Soc. Testing Mats., Vol. 32, Part I, p. 784 (1932); also 1934 Book of A.S.T.M. Tenta- 
‘ve Standards, p. 734. 


gh foceedings, om. Soc. Testing Mats., Vol. 34, Part I, p. 926 (1934); also 1934 Book of A.S.T.M. Tenta- 


1D. 
ot Proceediage Am. Soc. Testing Mats., Vol. 32 .Part I, p. 781 (1932): also 1934 Book of A.S.T.M. Tenta- 
standards, p. 725. 
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ACTIVITIES OF SUBCOMMITTEES 


Subcommittee B-12 on Abrasion of Coarse and Fine Aggregates (Stanton 
Walker, chairman).—During the past year this subcommittee has care. 
fully investigated a new abrasion test which it is believed will eventually 
be substituted for the present Standard Method of Test for Abrasion of 
Rock (D 2-33). Asa result of this investigation a new Proposed Method 
of Test for Abrasion of Coarse Aggregate has been prepared which Com- 
mittee D-4 believes is of sufficient importance to warrant its publication as 
information, and it is, therefore, appended to this report. 

Subcommittee D-5 on Soils for Highway Construction (C. A. Hogentogler, 
chairman).—This subcommittee, which was organized during the past year, 
has prepared eight new methods of test for soils as follows. It is expected 
that these will shortly be submitted to letter ballot of Committee D-4: 


Proposed Methods of: 


Surveying and Sampling Soils _ 

Preparing Soils for Test 
_ Determining the Liquid Limit of Soils 

Determining the Plastic Limit and Plasticity Index of Soils’ 
Determining the Centrifuge Moisture Equivalent of Soils 
Determining the Shrinkage Factors of Soils 

Determining the Field Moisture Equivalent of Soils 

- Mechanical Analyses of Soils 


Subcommittee D-4 on Asphalt Planks (R. R. Litehiser, chairman). 
This subcommittee has recently prepared specifications for asphalt plank 
which it is expected will soon be acted upon by Committee D-4 


The recommendations appearing in this report have been submitted 
to letter ballot of the committee, which consists of 88 members; 60 mem- 
bers returned their ballots, the results being as follows: 


I. Proposep Tentative STANDARDS 
Tentative Volume Correction Table for Asphaltic Products. . 
Tentative a of Test for Determination of Amount of Material Finer than No. 200 Sieve in 


II. Proposep Revision or Sranpar 
Method of Test for Distillation of Bituminous Materials Suitable for Road Treatment (D 20 - 30), 
editorial change 


Proposed Revision or Tentative STANDARDS 
Method of Test for Rusbiue of Specified Penetration (D 243 - 32 T).. 
Methods of Testing Emulsified Asphalts (D 244 - 34 T) 


IV. Proposep Apoption or TenTaTIVE STANDARD AS STANDARD 
Method of Test for Ductility of Bituminous Materials (D 113 - 32 T), as revised 


1 See Editorial Note, p. 349.—Eb. 
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On RoAp AND PAvING MATERIALS 


This report has been submitted to letter ballot of the committee, 
which consists of 88 members; 60 members returned their ballots, of whom 
37 have voted affirmatively and none negatively. 


Respectfully submitted on behalf of the committee, 


M. H. ULman, 


Chairman. 
Prévost HUBBARD, 


Secretary. 


EDITORIAL NOTE 


Subsequent to the annual meeting Committee D-4 on Road and Paving Materials 
presented to the Society on August 22, 1935, through Committee E-10 on Standards 
the following proposed tentative methods: 


Proposed Tentative Methods of: 
Surveying and Sampling Soils for Use in Place as Subgrades for Highways 
Preparing Soil Samples as Received from the Field for Mechanical Analysis 
and the Determination of the Subgrade Soil Constants 
Mechanical Analysis of Soils 
Test for Liquid Limit of Soils 
Test for Plastic Limit and Plasticity Index of Soils 
Test for Centrifuge Moisture Equivalent of Soils 
Test for Field Moisture Equivalent of Soils 
Test for Shrinkage Factors of Soils 


The above methods of test were accepted by Committee E-10 and appear re- 
spectively on pp. 940 to 982, inclusive. : 
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APPENDIX 
~PROPOSED METHOD OF TEST 
FOR 
ABRASION OF COARSE AGGREGATE BY THE USE OF THE 
LOS ANGELES TEST MACHINE! 


This is a proposed draft and is published as information only. Comments are 
solicited and should be addressed to the Headquarters of the Society, 260 S. Broad St, 
Philadelphia, Pa. 


Scope 

1. This method of test is intended for determining the abrasive resist- 
ance of crushed rock, crushed slag, uncrushed gravel, and crushed gravel 
(Note). 


Note.—Ledge rock, hand-broken into approximately cubical fragments of the different 
sizes shown, when tested by this method, has been found to have a loss of approximately 
85 per cent of that for crushed rock of the same quality. 


Apparatus 


2. The machine shall consist of a hollow iron drum, having inside 
dimensions of 20 in. in length and 28 in. in diameter, rotating on a hori- 
zontal axis. ‘The opening in the cylinder shall be closed dust-tight with a 
removable cover bolted into place and having a shelf which projects 3} in. 
into the drum and extends the full length of the drum. The testing machine 
shall conform in all of its essential characteristics to the plan shown in 
Fig. 1. 


Abrasive Charge 

3. An abrasive charge composed of cast-iron spheres approximately 1} 
in. in diameter, weighing between 400 and 450 g. each, and conforming to 
the requirements in Section 24 of the Standard Specifications for Paving 
Brick (A.S.T.M. Designation: C 7) of the American Society for Testing 
Materials? shall be used with the test sample. A charge of 12 spheres 
weighing 5000 g. + 50 g. shall be used with the grading A described in 
Section 4, and a charge of 11 spheres weighing 4583 g. + 50 g. shall be 
used with the grading B described in Section 4. 


Test Sample 
4. The test sample shall consist of 5000 g. of clean, dry aggregate and 


1 Under the standardization procedure of the Society, this method is under the joint jurisdiction of the 
A.S.T.M. Committee C-9 on Concrete and Concrete Aggregates and Committee D-4 on Road and Paving 


Materials. 
2 1933 Book of A.S.T.M. Standards, Part IT, p. 113. 
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shall conform to either of the following gradings. ‘The grading used shall 
be that most nearly representing the aggregate furnished for the work. 


SIEVE SIZE, IN. 7 
(SQUARE OPENINGS) 7 WEIGHT, G. WEIGHT, G. 
PASSING RETAINED ON GRADING A Grapinc B 


0 
0 
2500 
2500 
Procedure 


5. The test sample and the abrasive charge shall be placed in the — 
abrasion machine and the machine rotated at 30 to 33 r.p.m. for 500 revo- 
lutions in such a direction that the charge shall be caught by the inside 
of the angle forming the shelf, At the completion of the test, the material 


= A Angle Riveted to Door, Forming 


4 


Shelf to Drop Charge Each Revolution 


Cast Steel or Rolled Steel Ends 28"in 


Ba Diameter and not Less thon $" Thick. 


x4 


Suggested Motor |. 
Not LessThan H.P. | 


Gasket” 


Shaft Bearing will 


be Mounted onCon| ©arcrete Pier: 


| Cotch Pan for Specimen 


Fic. 1.—Los Angeles Abrasion Testing Machine. 


shall be removed from the machine and sieved on a No. 12 sieve conform- 
ing to the requirements of the Standard Specifications for Sieves for 
Testing Purposes (A.S.T.M. Designation: E 11) of the American Society 
for Testing Materials.. The material retained on the sieve shall be 
washed, dried, and weighed to the nearest gram (Note). 


__Note.—Attention is called to the fact that valuable information concerning the 
uniformity of the sample under test may be obtained by determining the loss after 100 
revolutions; when this determination is made care should be taken to avoid loss of any 
part of the sample; the entire sample, including the dust of abrasion, shall be returned to 


the testing machine for the completion of the test. j 

Calculation 
6. The difference between the initial weight and final weight of the 

est sample shall be expressed as a percentage of the initial weight. This 

value shall be reported as the percentage of wear, = —t 

"11933 Book of A.S.T.M. Standards, Part IT, p. 1244. 
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REPORT OF COMMITTEE D-5 
ON 


COAL AND COKE _ 


Committee D-5 on Coal and Coke held one meeting during the year, 
in Philadelphia, Pa., on March 7, 1935. The Tentative Definition of the 
Term Coke (D 121-30 T) is being continued as tentative pending the for- 
mulation of a definition that will be acceptable to both Committee D-5 and 
Committee D-2 on Petroleum Products and Lubricants. The Tentative 
Method of Sampling Coke for Analysis (D 346-33 T), with some minor 
revisions, is being recommended for adoption as standard. Definitions of 
the terms gross calorific value, H,, and net calorific value, H;, two optional 
methods of test for determination of coal grindability, and a method of 
test for screen analysis of coal are being recommended for publication as 
tentative. 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Methods of Testing (W. A. Selvig, chairman).—A Pro- 
posed Method of Test for Agglutinating Value of Coal was published as 
information with the 1934 report of Committee D-5.!_ Trouble is being 
experienced in obtaining sand with uniform characteristics for this method 
of test. Microscopic examination of different shipments of the Ottawa 
sand used as inert material shows that the sand grains have a more or less 
frosted surface and this varies in different shipments. Sand having a 
relatively large amount of grains with frosted surfaces gives higher aggluti- 
nating values than does sand with more glossy surfaces. Sands from other 
sources are being investigated to determine their suitability for use as an 
inert material in this method of test. 

Subcommittee IIT on Nomenclature and Definitions (H. C. Porter, chair- 
man).—This subcommittee is cooperating with Committee D-2 on Petro- 
leum Products and Lubricants and Committee E-8 on Nomenclature and 
Definitions to formulate a definition of the term coke that will be satis- 
factory to the several committees. ‘The subcommittee, in cooperation with 
the Subcommittee on Definitions of Net and Gross Calorific Values, of 
Committee E-8, has prepared definitions of the terms gross calorific value, 
H,, and net calorific value, H; which are being submitted for publication 
as tentative. 


1 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 457 (1934). 
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Subcommittee V on Tolerances (C. A. Lunn, chairman).—This subcom- 
mittee held a meeting in New York City, on February 21, 1935. Data are 
being assembled regarding (1) tolerances as to allowable differences between 
two laboratories analyzing different portions of coal crushed to pass a No. 60 
sieve, (2) tolerances as to allowable differences between two laboratories 
analyzing different portions of coal crushed to pass a No. 4 sieve, and 
(3) tolerances as to allowable differences between two laboratories inde- 
pendently sampling the same lot of coal. The subcommittee has concluded 
not to attempt to establish tolerances in case of different laboratories inde- 
pendently sampling the same lot of coal as the labor and expense of con- 
ducting such an investigation is too great to consider undertaking it at 
this time. 

Subcommittee VII on Pulverizing Characteristics of Coal (John Van 
Brunt, chairman).—A meeting of this subcommittee was held in New York 
City, on February 21, 1935. Cooperative grindability tests by different 
methods were made by five laboratories on a series of five coals covering a 
wide range in grindability. As a result of these tests, the subcommittee 
has recommended two optional methods of test. One is a ball-mill method; 
the other makes use of a specially designed machine known as the Hard- 
grove machine. ‘The ball-mill method has the advantage of low cost of 
equipment. It was developed by H. F. Yancey, O. L. Furse and R. A. 
Blackburn! of the Seattle Station of the U. S. Bureau of Mines. The 
Hardgrove-machine method was developed by R. M. Hardgrove? of the 
Babcock & Wilcox Co. This method has the advantage of speed in making 
the determination. The cooperative grindability investigation showed that 
these two methods were superior to any of the other methods tested, both 
in accuracy and ability to duplicate results when different laboratories test 
the same coal. At a meeting of Committee D-5, on March 7, 1935, these 
two methods were accepted as tentative subject to approval by letter ballot 
of the committee. 

Subcommittee [IX on Coke Sampling (O. O. Malleis, chairman).—At the 
meeting of Committee D-5, on March 7, 1935, Subcommittee IX recom- 
mended that the Tentative Method of Sampling Coke for Analysis (D 346 — 
33 T), with some minor revisions in the table of minimum weights of gross 
samples of coke, be recommended to the Society for adoption as standard. 
The method respresents what is considered to be the best American practice 
lor sampling coke. Committee D-5 approved the recommendation of the 
subcommittee. 

Subcommittee XI on Coal Friability (R. E. Gilmore, chairman).—Active 


work on the development of methods for the determination of coal fria- 

, '\H. FP. Yancey, O. L, Furse and R. A. Blackburn, “ Estimation of the Grindability of Coal,” Transactions, 
“a, Inst. Mining and Metallurgical Engrs., Vol. 108, p. 267 (1934). : 

11932) M. Hardgrove, “‘Grindability of Coal,” Transactions, Am. Soc. Mechanical Engrs., Vol. 54, F.S.P. 37 
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bility was conducted during the past year. The subcommittee is consider- 
ing two methods of test. One of these methods is a small-jar tumbler 
method essentially as described in the Bureau of Mines Report of Investi- 


_ gations No. 3215.1 This method uses a sample of 1000 g. of coal of 1 to 


13-in. lumps. ‘The other is a drop shatter test which uses a 50-lb. sample 
and is similar to the Standard Method of Shatter Test for Coke (D 141 — 23), 
The small scale tumbler test is considered applicable for testing the rela- 
tive friability of coal, whereas the shatter test represents more closely the 
breakage taking place in the commercial handling of coal. 

Subcommittee XII on Sampling Coal at Coal Cleaning Plants (T. W. 
Guy, chairman).—The subcommittee has continued collecting and evalu- 
ating data on sampling coal at coal cleaning plants. ‘Two papers were 
prepared by members of the subcommittee during the past year; namely, 
“Determining the Correct Weight of Sample in Coal Sampling,” by L. S. 
Kassel and T. W. Guy,? and “‘ Variables in Coal Sampling,” by J. B. Morrow 
and C. P. Proctor.’ 

Subcommittee XIII on Mechanical Sampling and Reduction of Samples 
(J. B. Morrow, chairman).—This is a new subcommittee which will be 
responsible for the standardization of methods of collection of gross samples 
by mechanical means and mechanical methods of reducing gross samples 
to a convenient quantity for transmittal to the laboratory. The present 
Standard Method of Sampling Coal (D 21 — 16) is a hand sampling method 
as no details are given concerning mechanical means of sampling. The 
subcommittee held two meetings in Pittsburgh, Pa., on April 1, 1935, and 
June 24, 1935. It agreed first to standardize mechanical methods of re- 
ducing gross samples to laboratory size, after which it will standardize 


mechanical methods of collecting gross samples. 


RECOMMENDATIONS AFFECTING STANDARDS 


I. Proposed Tentative Standards: 


Tentative Definitions of the Terms Gross Calorific Value, H,, and Ne 
Calorific Value, H;, of Fuels —The committee submits for publication as 
tentative the definitions of the terms Gross Calorific Value, H,, and Net 
Calorific Value, H;, as appended hereto.‘ 

Tentative Methods of Test for Grindability of Coal—The committee 
recommends that the Proposed Tentative Method of Test for Grindability 
of Coal by the Ball-Mill Method, and the Tentative Method of Test for 


1H, F. Yancey and R. E. Zane, “‘Comparison of Methods for Determining the Friability of Coal,” U. 5. 
Bureau of Mines Report of Investigations No. 3215 (1933). 
2 Industrial and Engineering Chemistry, Analytical Edition, Vol. 7, p. 112 (1935). : : 
* Presented before the Coal Division of the American Institute of Mining and Metallurgical Engineers, at 
a ms held in a York City on February 18, 1935. 
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Grindability of Coal by the Hardgrove-Machine Method,' appended hereto, 
be accepted for publication as tentative. 

Tentative Method of Test for Screen Analysis of Coal.—Committee D-5 
reommends that the Proposed Tentative Method of Test for Screen 
Analysis of Coal, appended hereto,? be accepted for publication as tentative. 

This method was developed and recommended to Committee D-5 for 
consideration by Subcommittee VII on Defining Coal Sizes and Friability 
(J. D. Doherty, chairman), of the Technical Committee on Coal Classifica- 
tion of the Sectional Committee on Classification of Coals. The method 
applies to size testing of all coal with the exception of anthracite, powdered 
coal as used in boiler plants, and crushed coal as charged into coke ovens, 
methods for which are already standards of the Society. The method 
represents the best American practice in size testing of coal to determine the 
distribution of various sizes in any given lot of coal. 


II. Adoption of Tentative Standard as Standard: 


Tentative Method of Sampling Coke for Analysis (D 346 — 33 T) *The 
committee recommends that this method be revised as follows and referred 
to letter ballot of the Society for adoption as standard: 

Section 3.—Change the table in this section from its present form: 


namely, 
Minimum Weights of Gross Samples of Coke _ 


Run-of-oven, Blast-furnace, Foundry, Water-gas, and any coke containing a range 
of size of pieces made from uncrushed or coarsely crushed coal (more than 10 
per cent on }-in. square-hole sieve) except coke breeze 

Run-of-oven, Blast-furnace, Foundry, Water-gas and any coke containing a range 
of size of pieces made from crushed coal (not less than 90 per cent passing 
through a }-in. square-hole sieve) except coke breeze 

Clusely-sized coke free of coke breeze 

Coke breeze (all passing a }- or 2-in. square-hole sieve) 


Minimum Weights of Gross Samples of Coke 


Run-of-oven, Blast-furnace, Foundry, Water-gas, and any coke containing a range 
of size of pieces made from uncrushed or coarsely crushed coal,® except coke 


Run-of-oven, Blast-furnace, Foundry, Water-gas, and any coke containing a range 
of size of pieces made from crushed coal*, except coke breeze 
Closely-sized coke made from uncrushed or coarsely crushed coal? free of coke 


Closely-sized coke made from crushed coal ¢ free of coke breeze 
Coke breeze (all passing a } or j-in. square-hole sieve) 


*In case the pulverization of the coal is not known, take quantities designated for coke made from un- 
‘rushed or coarsely crushed coal. 
More than 10 per cent on a 1.in, square-hole sieve. 


* Not less than 90 per cent passing through a 4-in, square-hole sieve. 
'See pp. 854 and 857.—Eb. 


*See p. 863.—Eb. 


* Proceedings, Am. Soc. Testing Mats., Vol. 33, Part I, p. 715 (1933); also 1934 Book of A.S.T.M. Tenta- 
¢ Standards, p. 509. 
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The recommendations appearing in this report have been submitted 
— to letter ballot of the committee, which consists of 42 members; 41 members 
returned their ballots, the results being as follows: 


Items 


I. Proposep Tentative STaNDARDS 


Tentative Definitions of the Terms Gross Calorific Value and Net Calorific Value of Fuels. 
Method of Test for Grindability of Coal by Ball-Mill Method 

Method of Test for Grindability of Coal by Hardgrove-Machine Method 

Method of Test for Screen Analysis of Coal 


II. Apoption or Tentative STANDARD AS STANDARD 
Method of Sampling Coke for Analysis (D 346 - 33 T), as revised : 0 


consists of 42 members; 41 members returned their ballots, all of whom 
have voted affirmatively. 


_ Respectfully submitted on behalf of the committee, 


FIELDNER, 


ww é Chairman. 


W. A. SELvic, H. C. Porter 


Vice-Chairman. 


> = 


Secretary. 
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_ REPORT OF SECTIONAL COMMITTEE 


ON 


CLASSIFICATION OF COALS 


_ A.S.A. Project: M 20 


_ The Sectional Committee on Classification of Coals, functioning under 
the procedure of the American Standards Association, held two meetings 
within the year: the annual meeting at the time of the American Institute 
of Mining and Metallurgical Engineers’ meeting in New York City, on 
February 20, 1935, and a special meeting at the U. S. Bureau of Mines in 
Pittsburgh, Pa., on April 1, 1935. 

The technical committees and their subcommittees held two group 
meetings: one at State College, Pa., on October 17 and 18, 1934, and the 
other in New York City, on February 19 and 20, 1935. Mr. John F. 
Barkley, Fuel Engineer of the U. S. Bureau of Mines, was elected a member 
of the sectional committee and of the Technical Committee on Coal Classi- 
fication vice C. P. White, resigned; John D. Battle, who has succeeded 
C. B. Huntress as Executive Secretary of the National Coal Association, 
has been made Secretary of the sectional committee and executive com- 
mittee vice Mr. Huntress; and T. W. Harris, Jr., has been elected to the 
executive committee vice W. H. Cunningham, who has resigned on account 
of retiring from the coal business. 

Careful consideration was given during the past year to all criticisms 
and suggestions received on the tentative specifications for the classification 
of coals by rank and by grade. No objections were received to the grade 
specifications, but the New River Coal Operators’ Association protested 
against the nomenclature and boundary lines of the low and medium volatile 
groups in the bituminous class of coals. Open meetings were held at the 
two stated meetings of the technical committees. The subject was dis- 
cussed from the viewpoints of both consumer and producer and as a result 
the sectional committee decided to make no change in nomenclature and 
only one change in boundary lines of groups, namely, the change of the 
boundary line between medium and low volatile bituminous coal from 77 
to 78 per cent dry mineral-matter-free fixed carbon. With this change, the 
specifications for classification of coal by rank and by grade will continue 
4s tentative for another year. 
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Report oF SECTIONAL COMMITTEE 


ACTIVITIES OF TECHNICAL COMMITTEES 


Technical Committee on Coal Classification (H. J. Rose, chairman). 
This committee continued active work during the year through its various 
subcommittees: 

Subcommittee II on Origin and Composition of Coal and Methods of 
Analysis (A. C. Fieldner, chairman), has cooperated with the Society’s 
Committee D-5 on Coal and Coke and with other agencies on the develop- 
ment of standard methods for determining the slacking index, true mineral 
matter,':**4 friability, grindability,5 agglutinating® and agglomerating’ 
values and the coke and by-product making properties of coals.*:%!%1 
Many of these test methods are now available for use, having been pub- 
lished as indicated in the references given. 

The classification of coal according to type, that is, by varieties such 
as bright, splint, cannel and boghead, is now being studied by the sub- 
committee. 

Subcommittee V on Boundary Lines for Coal Classification (W. A. 
Selvig, chairman) gave extended consideration to the question of revising 
the boundary line between the low and medium volatile groups of bituminous 
coal in the Tentative Specifications for Classification of Coals by Rank 
(D 388-34 T). A statistical study was made of the analyses of low and 
medium-volatile coals from the various fields of the United States, and of 
the relation of the percentage of volatile matter to the industrial and 


1 Contributions to the Study of Coal. L.C. McCabe, D. R. Mitchell, and G. H. Cady, “Banded Ingr 
dients of No. 6 Coal and Their Heating Values as Related to Washability Characteristics” and ‘“Preliminar 
Report on Unit Coal-Specific Gravity Curves of Illinois Coals,” Illinois State Geological Survey Report of 
Investigations No. 34 (1934). 

2 Contributions to the Study of Coal. Gilbert Thiessen, “‘A Proposed Simplification of the Parr Unit 
Coal Formula,” Illinois State Geological Survey Report of Investigations No. 32, pp. 7-25 (1934); Gilbert Thies- 
sen, “‘Ash-to-Mineral Matter Correction in Coal Analyses,” ibid., pp. 27-39; G.H. Cady and O. W. Rees, 
“Unit Coal as a Basis of Coal Standardization as Applied to Illinois Coals,” ébid., pp. 41-55; Gilbert Thiessen 
and F. H. Reed, “Studies of the Graphical Method of Calculating Pure Coal Calorific Value,” ibid., pp. 57-99 

2C. G. Ball and G. H. Cady, “Evaluation of Ash Correction Formulae Based on Petrographic Analyse 
of Mineral Matter in Coal,’’ Economic Geology, Vol. 30, pp. 72-88 (1935). 

4A. W. Gauger, E. P. Barrett and F. J. Williams, ‘‘ Mineral Matter in Coal.—A Preliminary Report,” 
Transactions, Am. Inst. Mining and Metallurgical Engrs., Vol. 108, Coal Division, pp. 226-236 (1934). 

SH. F. Yancey, O. L. Furse and R. A. Blackburn, “Estimation of the Grindability of Coal,” Transa- 
tions, Am. Inst. Mining and Metallurgical Engrs., Vol. 108, Coal Division, pp. 267-294 (1934). 

* Proposed Method of Test for Agglutinating Value of Coal, Proceedings, Am. Soc. Testing Mats., Vol 
Part I, pp. 457-462 (1934). 

7R, E. Gilmore, G. P. Connell and J. H. H. Nicolls, “ Agglomerating and Agglutinating Tests for Clas 
sifying Weakly Caking Coals,” Transactions, Am. Inst. Mining and Metallurgical Engrs., Vol. 108, Coal Divi- 
sion, pp. 255-266 (1934). : 

* B. Juettner and H. C. Howard, “Pyrolysis of Coal. Thermal Decomposition and Distillation of a Coal 
in High Vacuum,” Industrial and Engineering Chemistry, Vol. 26, pp. 1115-1118 (1934). 

*A. C. Fieldner and J. D. Davis, ““Gas-, Coke-, and By-Product Making Properties of American Coals 
and Their Determination,” U.S. Bureau of Mines Monograph No. 5 (1934). 

10 W. A. Selvig and W. H. Ode, “‘ Determination of Gas, Coke, and By-Products of Coal. Evaluation o 
Laboratory Assay Tests,” Industrial and Engineering Chemistry, Analytical Edition, Vol. 7, pp. 88-93 (1935 

4G. C. Sprunk and Reinhardt Thiessen, “Relation of Microscopic Composition of Coal to Chemical 
Coking and By-Product Properties,” Industrial and Engineering Chemistry, Vol. 27, pp. 446-451 (1935). 
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domestic uses of the coal. As a result of this work and after consultation 
with a number of coal technologists, the subcommittee recommended that 
the present boundary line between low and medium volatile bituminous 
coal be changed from 77 to 78 per cent fixed carbon. This recommendation 
was adopted at the New York meeting of the technical committee and 
referred to letter ballot of the committee which consists of 32 members: 
32 members returned their ballots, of whom 31 voted affirmatively and 
1 negatively. 

Subcommittee VI on Correlation of Scientific Classification with Use 
Classification of Coals (T. W. Harris, Jr., chairman) is developing a series 
of charts showing the various uses of coal and the factors to be considered 
in the selection of coal for these uses. 

Subcommittee VII on Defining Coal Sizes and Friability (J. D. Doherty, 
chairman) has developed a method for determining screen sizes of bitumi- 
nous coal. The method has been approved for recommendation for publi- 
cation as tentative by Committee D-5 on Coal and Coke, and work is being 
continued on developing a standard method for describing the size-range 
of any sample of coal, and in devising a chart for the presentation of 
screen-test data. 

Technical Committee on Nomenclature (E. A. Holbrook, chairman).— 
This committee held three meetings during the year, the first at State 
College, Pa., October 18, 1934; the second in Pittsburgh, Pa., December 
22, 1934; and the third in New York City, February 20, 1935. At the 
State College meeting a protest was received from the New River Coal 
Operators’ Association against the use of the term ‘‘medium volatile” for 
designating the group of coals ranging from 69 to 77 per cent fixed carbon 
in the bituminous class. The representatives of this association asked that 
the term medium volatile be dropped in favor of low volatile, or that non- 
committal letters or symbols be used in place of the descriptive terms, low, 
medium and high. 

The committee gave careful consideration to all of the arguments 
presented and concluded that no new evidence had been presented which 
would justify any change in the present descriptive nomenclature for the 
present boundary lines. 


RECOMMENDATIONS AFFECTING STANDARDS 


Proposed Revision of Tentative Specifications for Classification of Coals 
y Rank (D 388 - 34 T).'\—Under Section 3 (a), Table I, Classification of 
Coals by Rank, in the column headed “Limits of Fixed Carbon or B.t.u. 
Mineral-Matter-Free Basis,” Class II, groups 1 and 2, change to read as 


follows by the addition of the italicized numbers and the omission of those 
in brackets: 


_ "Proceedings, Am. Soc. Testing Mats., Vol. 34. Part I, p. 834 (1934); also 1934 Book of A.S.T.M. Tentative 
standards, p. 500. 
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Dry F. C., [77] 78 per cent or more and less than 86 per cent (Dry V. M., [23] 


22 per cent or less and more than 14 per cent). 
Dry F. C., 69 per cent or more and less than [77] 78 per cent (Dry V. M., 31 per 
cent or less and more than [23] 22 per cent). 


The above recommendation has been submitted to letter ballot of the 
committee which consists of 28 members; 26 members returned their 
ballots, of whom 25 have voted affirmatively, and 1 negatively. 


This report has been submitted to letter ballot of the committee, 
which consists of 28 members; 26 members returned their ballots, all of 


whom have voted affirmatively. 
Respectfully submitted on behalf of the committee, 


A. C. FIELDNER, 
Chairman. 


J. D. Battie, 
Secretary. 
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REPORT OF COMMITTEE D-7 
ON 
TIMBER 


Committee D-7 on Timber, through its subcommittees, reports the 
following activities: 

Subcommittee I on Specifications for Timber (C. E. Paul, chairman).— 
In its report appended hereto this subcommittee is presenting a revision of 
the Tentative Specifications for Timber Piles (D 25-34 T) and is also 
submitting as information a proposed revision of the Standard Specifica- 
tions for Structural Wood Joist and Planks, Beams and Stringers, and 
Posts and Timbers (D 245 — 33). 

Subcommittee VI on Timber Preservatives (S. R. Church, chairman).— 
This subcommittee recommends the adoption as standard of the Tentative 
Specifications for Creosote (D 390 — 34 T)! and the Tentative Specifications 
for Creosote Coal Tar Solution (D 391-34 T).! No criticism has been 
received by the subcommittee on these tentative specifications during the 
past year. As has been previously pointed out, the adoption of these 
specifications as standard will result in uniform standards for these materials 
with specifications adopted by the American Railway Engineering Asso- 
dation and the American Wood Preservers’ Association. 

The recommendations appearing in this report have been submitted 
to letter ballot of the committee, which consists of 24 members; 22 mem- 

rs returned their ballots, the results being as follows: 


Items 


Voting” 


I. ADVANCEMENT oF TENTATIVE STANDARD TO STANDARD. 
*cifications for Creosote (D 390 - 34 T) 


4 
fications for Creosote Coal Tar Solution (D 391 - 34 T) 4 


: II. Proposep Revision or Tentative STANDARD. 
tations for Timber Piles (D 25 - 30 T) : 


This report has been submitted to letter ballot of the committee 
hich consists of 24 members; 22 members returned their ballots, all of 
iom have voted affirmatively. 


Respectfully submitted on behalf of the committee, 


A. New.in, HERMANN VON SCHRENK, 
Secretary, Chairman. 


Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, pp. 843, 845 (1934); also 1934 Book of A.S.T.M. 


ative Standards, pp. 515, 517. 
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REPORT OF SUBCOMMITTEE I ON SPECIFICATIONS FOR TIMBER 


Subcommittee I on Specifications for Timber completed during the 
year a revision of its Tentative Specifications for Timber Piles (D 25 — 34T)! 
which involves principally improvements in form and arrangement. The 
basic provisions are the same as formerly, but the specifications have been 
condensed without sacrificing clearness. Comparative sizes in each of 
the three classes of piles have been combined in a single table, with appro- 
priate headings explaining the difference in classification as to size and 
quality. ‘The subcommittee recommends the acceptance of the revised 
specifications as appended hereto? and since these are important specifica- 
tions, and as the new arrangement is considerably different from the one 
presented to the Society last year, the subcommittee proposes that they 
be continued as tentative during the coming year. 

The subcommittee has also given consideration to the possibility of a 
revision of the Standard Specifications for Structural Wood Joist and 
Plank, Beams and Stringers, and Posts and Timbers (D 245-33). Ex. 
perience of several years has indicated that these timber specifications are 
possibly too complicated to permit of ready use in specifying and pur- 
chasing structural timber. It was recognized by the committee, at the 
time of the presentation and adoption of the present standard rules, that 
the code form in which they now appear in the Book of A.S.T.M. Stan¢- 
ards’ would probably have to be revised sooner or later. 

During the past year, much study has been given to these standard 
rules both by this committee, as well as the committees of the American 
Railway Engineering Association and the American Association of State 
Highway Officials. As a result, a simplified form for writing specifications 
for structural grades of lumber and timber was adopted. This form was 
presented to the American Railway Engineering Association in March 
of this year as information. 

The new method of writing the rules does not in any way change the 
principles underlying the Standard Specifications for Structural Timber 
as they appear in the Book of A.S.T.M. Standards of the American Society 
for Testing Materials or in the Manual of the American Railway Engineet- 
ing Association. The new method represents one of rearrangement and, 
particularly, the substitution of stress values for the grade names noW in 


1 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 847 (1934); also 1934 Book of A.S.T.M. Tents: 
tive Standards, p. 519. 

p. 868,.—Ep. 

* 1933 Book of A.S.T.M. Standards, Part II, p. 347. 
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the Book of Standards. For instance, instead of calling one of the grades 
of Douglas fir or Southern pine “Dense Select Structural Beams and 
Stringers,” it is now proposed to call this grade “1800 lb. f Structural 
Beams and Stringers.” Thus, this method provides structural grades 
designated in terms of the requirements of design and conforms to prac- 
tical commercial manufacturing conditions. 

The stress values assigned to the different grades are those for con- 
tinuously dry location and, except for the two grades of Inland Empire 
Douglas fir and three grades of larch, may be obtained by following the 
procedure outlined, using the basic stress and procedure as given in a report 
of the U.S. Forest Products Laboratory, U.S. Department of Agriculture 
Miscellaneous Publication No. 185, entitled ‘Guide to the Grading of 
Structural Timbers and the Determination of Working Stresses,”’ February, 
1934. 

This subcommittee, believing the suggested modification in the present 
grading rules for structural grades of lumber and timbers will tend to 
simplify them and lead to a more extended use, this year submits for 
publication as information a Proposed Revision of the Standard Specifica- 
tions for Structural Wood Joist and Plank, Beams and Stringers, and 
Posts and Timbers (D 245-33), as appearing in the Appendix. In so 
doing, attention is called to the fact that these new rules will in every case 
consist of two parts: first, clauses which will apply to all stress-grades; 
and second, actual stress-grades for joist and plank, beams and stringers, 
and posts and timbers. 


Respectfully submitted on behalf of the subcommittee, 
C. E. Paut, 


Chairman. 
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APPENDIX 


PROPOSED REVISION OF STANDARD SPECIFICATIONS FOR 
STRUCTURAL WOOD, JOIST AND PLANK, BEAMS AND 
STRINGERS, AND POSTS AND TIMBERS (A.S.T.M. 
DESIGNATION: D 245 — 33)! 


GENERAL REQUIREMENTS 


Applying to All Stress-Grades and Items 
Manufacture 
1. All material shall be well-manufactured. 


Quality of Wood 
2. No piece of exceptionally light weight is permitted. _ 


Decay 
3. Only pieces consisting of sound wood, free from any form of decay 


are acceptable, unless otherwise specified. 
4 
Slope of Grain _ 


4. Slope of grain shall be measured over a distance sufficiently great 
to determine the general slope disregarding slight local deviations. Within 
the middle half of length of piece, slope of grain shall not be steeper than 
specified. 


Holes 

5. Knot holes and holes from causes other than knots are measured 
and limited as provided for knots. 
Cluster Knots 

6. Cluster knots and knots in groups are not permitted. 


Knots in Joist and Plank 

7. (a) Knots on Narrow Faces.—Size of knot on a narrow face is 
taken as width between lines enclosing knot and parallel to edges of piece. 
The only knots measured on narrow faces, except spike knots which cross 
the corners of side-cut pieces, are those that do not show on wide faces. 


1 This is a proposed revision of an existing standard and is published as information only. Suggestion 
for revision are solicited and should be addressed to the Headquarters of the American Society for Testin 
Materials, 260 S. Broad St., Philadelphia, Pa. 

Under the standardization procedure of the Society, these specifications are under the jurisdiction of t 
A.S.T.M. Committee D-7 on Timber. The specifications appear in their present form in the 1933 Book 
A.S.T.M. Standards, Part II, p. 347. 
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(b) Knots on Wide Faces.—Size of knot on a wide face is the average 
of its largest and smallest diameters. A spike knot which crosses a corner 
of a side-cut piece and contains the intersection of the adjacent faces, or 
which extends entirely across a face of a piece, shall be measured only on 
its end or ends, between lines parallel to the edges of the piece. 

(c) Permissible Increase in Knot Sizes.—Size of knots on narrow faces 
and at edges of wide faces may increase proportionately from size permitted 
in middle third of length to twice that size at ends of piece. Size of knots 
on wide faces may increase proportionately from size permitted at edge to 
size permitted along center line. 

(d) Sum of Knots.—Sum of sizes of all knots within middle half of 
length of any face, measured as specified by Paragraph (a) or (b) for the 
face under consideration, shall not exceed four and one-half times the size 
of largest knot allowed on that face. 


OR 


Knots in Beams and Stringers 


8. (a) Knots on Narrow Faces.—Size of knot on a narrow face is taken 
as width between lines enclosing knot and parallel to edges of piece except 
that when a knot on a narrow face extends into the adjacent one-fourth 
of the width of a wide face its least dimension is taken as its size. 

ecay (b) Knots on Wide Faces.—-Size of knot on a wide face is its smallest 
' §j diameter. Knots at edges of wide faces are limited to same sizes as on 
narrow faces but are measured according to this paragraph. 

(c) Permissible Increase in Knot Size.—Size of knots on narrow faces 


reat BH and at edges of wide faces may increase proportionately from size per- 
ee mitted in middle third of length to twice that size at ends of piece, except 
than 


that size of no knot shall exceed size permitted along center line of wide 
face. Size of knots on wide faces may increase proportionately from size 
permitted at edge to size permitted along center line. 

sured (d) Sum of Knots.—Sum of sizes of all knots within middle half of 
length of any face, measured as specified by Paragraph (a) or (6) for the 
face under consideration, shall not exceed four times the size of largest 
knot allowed on that face. 


Knots in Posts and Timbers 
9. (a) Knots on Either Face.—Size of a knot is half the sum of its 


ce © & largest and smallest diameters. A spike knot which crosses a corner of a 
piece. Bf side-cut piece and contains the intersection of the adjacent faces, or which 
cross & extends entirely across a face of a piece, shall be measured only on its end 
es. trends, between lines parallel to the edges of the piece. 

gestions (b) Sum of Knots.—Sum of sizes of all knots in any 6 in. of the length 
Teste Hof piece, measured as specified by Paragraph (a), is not permitted to exceed 
mn of te twice the maximum permissible size of knot. ‘Two knots of maximum 


permissible size are not allowed in same 6 in. of length on any face. 


| 
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Shakes, Checks, Splits in Joist and Plank and Beams and Stringers 

10. (a) Shakes, checks and splits, where permitted in the grade 
specified later in these specifications, are measured at ends of piece. Only 
those within middle half of height are considered. (Height equals width 
of wide face.) Size of shake is distance between lines enclosing shake 
and parallel to wide faces of piece. Permissible size is determined by 
width of narrow face of piece. 

(b) Checks and splits are measured and limited in same way as shakes. 
The following limitations apply to both ends but only within middle half 
of height of piece and within three times height from end. (Height equals 
width of wide face.) Size of checks within this portion of piece shall be 
taken as their estimated area, along horizontal section showing maximum 
area, divided by three times height of piece (Note). When checks on 
two parallel faces are opposite or approximately so, sum of their sizes is 
taken. Sum of sizes of shakes, checks, and/or splits shall not exceed 
permissible size of shake. 

(c) Checks extending entirely across end within middle half of height 
shall not extend into piece at center of width of end a distance greater than 
size of allowable shake. 


Shakes, Checks, Splits in Posts and Timbers . - 

11. (a) Shakes, checks and splits, where permitted in the grade spec- 
fied later in these specifications, are measured at the ends of the piece. 
Size of a shake is distance between lines enclosing shake and parallel to a 
pair of opposite faces. 

(b) Checks and splits are measured and limited in the same way as 
shakes. Size of checks within three times width of piece from either end 
shall be taken as their estimated area, along the longitudinal section show- 
ing maximum area, divided by three times width of piece (Note). Sum 
of sizes of shakes, checks, and/or splits shall not exceed the permissible 
size of shake. 

(c) Checks extending entirely across end shall not extend into piece 
at center of width of end, a distance greater than size of allowable shake. 

Note.—A practical method of inspection in the field to determine the size of checks 
and splits under the above specification is as follows: 

The size of checks within the specified portion of the piece shall be taken as the sum 
of seven depth measurements, one on the end and three on each side, divided by three. 
Each measurement shall represent the greatest depth of any check within the center half 
of the height; the measurement on the end shall be taken at the center of the width, and 
the three measurements on each side shall be taken at distances of one, two, and three 
times the height of the piece from the end in joist, plank, beams and stringers, and the 


width of the piece from the end in posts and timbers. Each measurement shall be deter- 
mined by the penetration into the piece of a probe # in. in thickness and } in. in width. 
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OPTIONAL AND ADDITIONAL REQUIREMENTS 


de Applying to Stress-Grades when Heartwood or Wane, and Where Density 

and Close Grain Are Required 

ke Heartwood Requirements 

by 12. Where heartwood material is desired it shall be specified in terms 
of the amount or percentage of heartwood on the girth, or on each face, 

es, side or edge, measured at the point where the greatest amount of sap- 

alf wood occurs. 

als For all timber to be pressure treated there shall be no heartwood 

be requirement and the amount of sapwood shall not be limited. : 

Wane 

en 13. Where wane is not desired, the specifications should state ‘‘Square 

Edge. 
Density (where required) 

ht 14. (a) Dense Douglas Fir or Larch.—Shall average on either one end 

an or the other of each piece not less than six annual rings per inch in Douglas 
Fir, or eight annual rings per inch in Larch, and, in addition, one-third 
or more summerwood (the dark portion of the annual ring) measured over 
3 in. on a line at a right angle to the annual rings, located as described 

Ci- below. The contrast in color between summerwood and springwood 

ce. shall be distinct. 

) a Coarse-grained material excluded by this rule shall be accepted as 
dense if averaging one-half or more summerweod. 

as In boxed-heart pieces the line shall run from the pith to the corner 

nd farthest from the pith except, when the line is not representative, it shall 

W- be shifted sufficiently to present a fair average but the distance from the 

1m pith to the beginning of the 3-in. portion of the line shall not be changed. 

ble When the least dimension is 6 in. or less, the 3-in. portion of the line shall 
begin at a distance of 1 in. from the pith. When the least dimension is 

ece more than 6 in., the 3-in. portion of the line shall begin at a distance from 
the pith equal to one-fourth the least dimension of the piece. 

cks In side-cut pieces (pith not present) the center of the 3-in. portion of 
the line shall be at the center of the end of the piece. 

- If a 3-in. portion of the line cannot be obtained, the measurement 

- shall be made over as much of a 3-in. portion as is available. 

of In case of disagreement, two radial lines shall be chosen and the sum- 

ree merwood and number of rings shall be taken as the average on these lines. 

the (b) Dense Longleaf or Shortleaf Yellow Pine.—Shall average on either 

one end or the other of each piece not less than six annual rings per inch, 


and, in addition, one-third or more summerwood (the darker, harder por- 
tion of the annual ring), measured over the third, fourth, and fifth inches 


367 | 
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of a radial line from the pith. The contrast in color between summerwood 
and springwood shall be sharp and the summerwood shall be dark in color, 
except in pieces having considerably above the minimum requirement 
for summerwood. 

Coarse-grained material excluded by this rule shall be accepted as 
dense if averaging one-half or more summerwood. 

The radial line shall be representative of the average growth of the 
cross section. In case of disagreement, two radial lines shall be chosen, 
and the number of rings per inch and percentage of summerwood shall be 
taken as the average determined on these lines. 

In boxed-heart pieces the measurement shall be made over the third, 
fourth, and fifth inches from the pith along the radial line. 

In material containing the pith, but not a 5-in. radial line, which is 
less than 2 by 8 in. in section or less than 8 in. in width, that does not 
show over 16 sq. in. on the cross section, the inspection shall apply to the 
second inch from the pith. In larger material that does not show a 5-in. 
radial line, the inspection shall apply to the three inches farthest from 
the pith. 

In cases where timbers do not contain the pith and it is impossible 
to locate it with any degree of accuracy, the same inspection shall be made 
over 3 in. on an approximate radial line beginning at the edge nearest 
the pith in timbers over 3 in. in thickness and on the second inch nearest 
the pith in timbers 3 in. or less in thickness. 


Close Grain (where required) 

15. Close-Grained Douglas Fir, or Larch, or Redwood.—Shall averag 
on either one end or the other of each piece not less than six nor more 
than twenty annual rings per inch in Douglas fir, or not less than 
eight nor more than thirty annual rings per inch in larch, or not less than 
ten nor more than thirty-five annual rings per inch in redwood, measured 
over 3 in. on a line at right angle to the annual rings located as described 
below. 

In boxed-heart pieces the line shall run from the pith to the corner 
farthest from the pith except, when the line is not representative, it shall 
be shifted sufficiently to present a fair average but the distance from the 
pith to the beginning of the 3-in. portion of the line shall not be changed. 
When the least dimension is 6 in. or less, the 3-in. portion of the line shall 
begin at a distance of 1 in. from the pith. When the least dimension is 
more than 6 in., the 3-in. portion of the line shall begin at a distance from 
the pith equal to one-fourth the least dimension of the piece. 

In side-cut pieces (pith not present) the center of the 3-in. portio! 


of the line shall be at the center of the end of the piece. 
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If a 3-in. portion of the line cannot be obtained, the measurement 
shall be made over as much of a 3-in. portion as is available. 

In case of disagreement, two radial lines shall be chosen and the 
number of rings shall be taken as the average on these lines. 

Pieces of Douglas fir averaging five rings or more than twenty shall 
be accepted if containing one-third or more summerwood. 


STRESS-GRADES 


I. JOIST AND PLANK 

f = Extreme fiber stress in bending in pounds per square inch. 
1800 Ib. f Structural Joist and Plank 

DENSE DoucGLas Fir (Coast REGION) 


DENSE DouGLas Fir (INLAND) 
DENSE LONGLEAF SOUTHERN PINE 
es DENSE SHORTLEAF SOUTHERN PINE 


Slope of Genie, —l in 12. 
Knots—Maximum permissible size in inches: 


NOMINAL 
WIDTH OF 
FACE, IN. 


Shakes, Checks, Splits: 


120 1D. Shear Grade (Pine)... 


Wane 


DENSE LARCH 
pe of Grain.—1 in 14. 
Knots. —Maximum permissible size in inches: 


NOMINAL 
oF 
PACE, IN. 


Shakes, Checks, Splits: 
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On Narrow Face, 
OR AT EDGE OF 
Face, Mipp_eE AT CENTER LINE 
THIRD OF LENGTH OF WIDE Face 


- 
1 in.}Narrow _..... 
2 in. 1} in. 
1 in. | At 1j in. 
13 in. | Edge 23 in. 
in. of 3} in 
24 in. | Wide 3} in 
24 in. | Face 4% in 
23 in. | 43 in. 
WiptH oF Narrow Face 
Green When Seasoned 
3 
3 an of any face 


On Narrow Face, 

OR AT EDGE OF 
Face, Mippite At CENTER LINE 
THIRD OF LENGTH or Wipe Face 


#in.>Narrow _......... 
} in. | 1 in 
in. | At 1} in 
14 in. | Edge 2 mm. 
1% in. > of 2% in 
12 in. | Wide 3% in 
1} in. | Face 33 in 
2 33 in 
Wiotn or Narrow Face 
When Green When Seasoned 


4 Width of any face 
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1600 lb. f Structural Joist and Plank 
CLOSE-GRAINED DouGLAs Fir (COAST REGION) 
Slope of Grain.—\ in 12. 


Knots.—Maximum permissible size in inches: 
On Narrow FAce, 


NOMINAL OR AT EDGE OF 
WIpTH OF Wwe Face, Mippte AT CENTER Ling 
Pace, IN. THIRD OF LENGTH OF WIDE Face 
Shakes, Checks, Splits: wen 
CLOSE-GRAINED DouFLAsS Fir (INLAND) 
CLOSE-GRAINED LARCH 
Slope of Grain.—| in 14. 
Knots.—Maximum permissible size in inches: _ 
On Narrow Face, 
_ NOMINAL OR AT EDGE OF 
oF WiweE Face, Mippte AT CENTER Lint 
FAcE, IN. THIRD OF LENGTH OF WIDE Face 
100 Ib. Shear Grade (Larch)... 1 
' DENSE LONGLEAF SOUTHERN PINE 
Y DENSE SHORTLEAF SOUTHERN PINE 
Slope of Grain.—| in 12. 
Knots.—Maximum permissible size in inches: 
On Narrow Face, 
NOMINAL : OR AT EDGE OF 
WIDTH OF Face, Mippte At CENTER LID 
Face, In. THIRD OF LENGTH or Fact 


vs 


| Slope 
Knot 
F 
i Shake 
: Wane 
Slope 
| Knot: 
N 
W 
F 
Shake 
] 
Wane 
Slope 
Knots 
N 
W 
F 
bs 
Shake 
| l 
e Wane 


_ PROPOSED SPECIFICATIONS FOR STRUCTURAL TIMBERS 


1600 Ib. f. Structural Joist and Plank (Continued) 
CLOSE-GRAINED REDWOOD 
Slope of Grain.—1 in 16. 
Knots —Maximum permissible size in inches: 


On Narrow Face, 
NOMINAL OR AT EDGE OF 


WivTH OF Wipe Face, Mippte At CENTER LINE 
FAcE, IN. THIRD OF LENGTH OF WIDE Face 

Shakes, Checks, Splits: Wine Whee 
1400 Ib. f Structural Joist and Plank é 
TIDEWATER RED CYPRESS 
Slope of Grain.—1 in 14. 
Knots and Peck.—Maximum permissible size in inches: a 
On Narrow Face, 
AINE NOMINAL 7 OR AT EDGE OF 
\CE WIDTH OF Wipe Face, Mipp_e AT CENTER LINE 
FACE, IN. TuirD OF LENGTH OF WIDE Face 

hakes, Checks, Splits: 


lope of Grain.—1 in 12. 
Knots—Maximum permissible size in inches: 
On Narrow Face, 


NoMINAL : OR AT EDGE OF 
WIDTH oF Wipe Face, Mippite At CENTER LINE 
Line PACE, IN. ® THIRD OF LENGTH oF WIDE Face 
.) On 


hakes, Checks, Splits: Whon Grose 


371 
371 
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1400 Ib. f Structural Joist and Plank (Continued) 
DENSE LONGLEAF SOUTHERN PINE 


Slope of Grain.—1| in 10. 


Knots.—Maximum permissible size in inches: 
On Narrow Face, 


NoMINAL OR AT EDGE oF 
WipTH OF Face, Mippte At CENTER Line 
“Face, IN. THIRD OF LENGTH OF WIDE Face 
1 in. 1} in 
3 in. | Wide 54 in 
3} in. | Face 53 in 
Shakes, Checks, Splits: 
4 Width of any face 
CLOsSE-GRAINED REDWOOD 
Slope of Grain.—| in 14. 
Knots.—Maximum permissible size in inches: re 
On Narrow Face, 
NOMINAL OR AT EDGE OF 
WIpTH oF Wipe Face, Mippte At CENTER Line 
_ FPAce, In. THIRD OF LENGTH OF WIDE Face 
Shakes, Checks, Splits: 


1200 Ib. f Structural Joist and Plank 
Port ORFORD CEDAR 


Slope of Grain.—| in 14. 
Knots.—Maximum permissible size in inches: 
On Narrow Face, 
NOMINAL OR AT EDGE OF 
oF Wine Face, Mippte At CENTER 
Face, IN. THIRD OF LENGTH oF Fact 
ne in. | At ‘lj in 
1} in. | Edge 24 in 


WwW w Face 
Shakes, Checks, Splits: Seasoned 


Shak 


| 
| | 
1 Slope 

F 
{ 
7 
Shak 
Wane 
| 
Slope 
Knot: 
| ] 
4 
| 
Shak 

! Wan 

Slope 
Knot 

| | = 
Won 


, PROPOSED SPECIFICATIONS FOR STRUCTURAL TIMBERS 


1200 Ib. f Structural Joist and Plank (Continued) 
Fir (Coast REGION) 
Slope of Grain.—1 in 10. 
Knots—Maximum permissible size in inches: : 
On Narrow Face, 
NOMINAL OR AT EDGE oF 
WIDTH OF Wipe Face, Mippte AT CENTER LINE 
NE FACE, IN. THIRD OF LENGTH OF WIDE Face 
23 in. } of 44 in 
YARROW Fac 
Shakes, Checks, Splits: 
DouGLas Fir (INLAND) 
LARCH 
Slope of Grain.—1 in 10. 
Knots.—Maximum permissible size in inches: 
On Narrow Face, 
INE NOMINAL OR AT EDGE OF 
WIpTH OF Wine Face, At CENTER LINE 
FACE, IN. THIRD OF LENGTH OF WIDE Face 
Shakes, Checks, Splits: When Green When Seasoned 
100 Ih. Stear Grade (Latch)... 4 4 
Spe of G DENSE SHORTLEAF SOUTHERN PINE 
Slope of Grain.—1 in 8. 
Knots.—Maximum permissible size in inches: 
NoMINAL OR AT EDGE OF 
LINE WIDTH OF Wipe Face, Mippte At CENTER LINE 
Pace, In. THIRD OF LENGTH oF Face 
34 in. | Wide 53 in 
ov dat 32 in. | Face 63 in 
4 in. } 6} in 
NARROW 
shakes, Checks, Splits: When Green When Seasoned 
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CLosE-GRAINED REDWOOD 
Slope of Gfain.—1 in 12. 
Knots.—Maximum permissible size in inches: | 
On Narrow Face, 
NOMINAL OR AT EDGE OF 
WIpTH oF Wipe Face, Mippite AT CENTER 
IN. Tuirp OF LENGTH oF WIDE Fac: 
Shakes, Checks, Splits: inten 
1100 Ib. f Structural Joist and Plank Slof 
Port OrFoRD CEDAR Kno 
Slope of Grain.—-1 in 12. 
Knots.—Maximum permissible size in inches: _ 
On Narrow FAce, 
NOMINAL OR AT EDGE OF 
OF WIDE Face, MIppLeE At CENTER L 
FACE, IN. OF LENGTH oF Fa 
21 in. | Wide 4 in. 
Shakes, Checks, Splits: When Green» When Season Wa: 
TIDEWATER RED CyPRESS 
Slope of Grain.—\| in 10. 
Knots and Peck.—Maximum permissible size in inches: 
On Narrow FAce, 
NOMINAL OR AT EDGE OF rea 
or Wine Face, Mippte At CENTER _L Slo; 
FACE, IN. THIRD OF LENGTH or WIDE Fact Kn 
N w Face 
Shakes, Checks, Splits: When Seaso 


Ih q and Plank antinue 
al 


ed 


LINE 


ACE 


PROPOSED SPECIFICATIONS FOR STRUCTURAL TIMBERS 


1100 lb. f Structural Joist and Plank (Continued) 


Slope of Grain.—1 in 10. oa 
Knots.—Maximum permissible size in inches: 
On Narrow FAceE, 
NoMINAL AT EDGE OF 
WIDTH OF WiweE Face, At Cones LINE 
FACE, IN. THIRD OF ‘LENGTH oF WIDE Face 
in. ) On 
in. Narrow 
Face 


— 


WiptH oF Narrow Face ~ 
When Green When Seasoned 


$ 
i Width of any face 


1000 lb. f Structural Joist and Plank 
WESTERN RED CEDAR 

Slope of Grain.—1 in 14. 
Knots.—Maximum permissible size in inches: 
On Narrow FAce, 
NoMINAL ; OR AT EDGE OF 
WIpTH OF Wipe Face, Mipp_e At CENTER LINE 
FACE, IN. THIRD OF LENGTH OF WIDE FACE 


in. 
Wipth or Narrow Face 
Shakes, Checks, Splits: When Green When Seasoned 


_ 100 Ib. Shear Grade va an 
Wane } Width of any face 


II. STRUCTURAL BEAMS AND STRINGERS 
f = Extreme fiber stress in bending in pounds per square inch. _ 
1800 Ib. f Structural Beams and Stringers 
DeNsE DoucGrias Fir (Coast REGION) DENSE LONGLEAF SOUTHERN PINE | 
DENSE DouG as Fir (INLAND) DENSE SHORTLEAF SOUTHERN 
Slope of Grain.—1 in 16. oe 
Knots—Maximum permissible size in inches: 
NoMINAL 


oF 
Pace, IN. 


On Narrow Face, 
MippLe Turrp AT CENTER ‘LIne 
oF LENGTH OF WIDE Face 
in. 
in. 


Shakes, Checks, Splits: Wace 
120 lb. Shear Grade (Fir) 3 
120 lb. Shear Grade (Pine) 


3 
4 With of any face 


| 375 
Shakes, Checks, Splits: rr 
| 
1g in. 2% in. 


376 


REPORT OF SUBCOMMITTEE I OF COMMITTEE D-7 (APPENDIX) 


1800 lb. f Structural Beams and Stringers (Continued 
DENSE LARCH 
Slope of Grain.—1 in 18. 
Knots.—Maximum permissible size in inches: 
NOMINAL On NARROW FACE, 
WIDTH oF Mippie Tuirp AT CENTER Lixe 
FACE, IN. OF LENGTH OF WIDE Face 


WiptH oF Narrow Face 
When Green When Seasoned 


Yo 
% Width of any face 


1600 lb. f Structural Beams and Stringers 
CLosE-GRAINED DoucGLas Fir (Coast REGION) 
Slope of Grain.—1 in 15. 
Knots.—Maximum permissible size in inches: 
NOMINAL On Narrow Face, 
WIDTH OF Tuirp AT CENTER LINE 
_ FACE, IN. oF WIDE Face 
in. 
in. 


in. 
W N F. 
Shakes, Checks, Splits: Wiese Ge ‘When 
100 lb. Shear Grade 


1 
4 Width of any face 


CLOSE-GRAINED DOUGLs 
CLOSE-GRAINED LARCH 
Slope of Grain.—1 in 18. 
Knots.—Maximum permissible size in inches: 
NOMINAL On Narrow Face, 
WIvTH OF Tuirp AT CENTER LINE 
FAcE, IN. oF LENGTH OF WIDE FACE 
5 


R (INLAND) 


Shakes, Checks, Splits: When Green 
100 Ib. Shear Grade (Larch) 3 4 
80 lb. Shear Grade (Fir) 


vo 
4 Width of any face 


Kno 
Shakes, Checks, Splits: 
: Wa 
Slo; 
Kn 
| t 
» 
Sha 
Wa 
Slo, 
Kn 
1} in. 13 in. 
Wa Wa 


PROPOSED SPECIFICATIONS FOR STRUCTURAL TIMBERS 


DENSE LONGLEAF SOUTHERN PINE 


1600 Ib. f Structural Beams and Stringers (Continued) 
DENSE SHORTLEAF SOUTHERN PINE 

Slope of Grain.—1 in 12. 

Knots.—Maximum permissible size in inches: 


E NOMINAL On Narrow Face, 


WIDTH OF MippLe Turrp AT CENTER LINE 
FACE, IN. oF LENGTH oF WIDE Face 


13 in. 
in. 


Wiptu or Narrow Face 
Shakes, Checks, Splits: When Green When Seasoned 


120 Ib. Shear Grade 
¢ Width of any face 


CLOSE-GRAINED REDWOOD 
Slope of Grain.—1 in 20. 
Knots.—Maximum permissible size in inches: 


NOMINAL On Narrow Face, 
WIpTH OF MippLe Tuirp AT CENTER LINE 
PACE, IN. OF LENGTH oF WIDE Face 


INE 


WiptH oF Narrow FAcE 
“ shakes, Checks, Splits: When Green When Seasoned 


80 Ib. Shear Grade + % 
Yo Width of any face 


1400 lb. f Structural Beams and Stringers 


TIDEWATER RED CyPRESS 
lope of Grain.—1 in 16. 
: Knots and Peck.—Maximum permissible size in inches: 
AN 


CE NOMINAL On Narrow Face, 
WipTtH oF Tuirp AT Center Line 
Face, IN. oF LENGTH oF Wipe Face 


or Narrow FAce 
hakes, Checks, Splits: When Green When on 


wins Ib. Shear Grade 
idth of any 


= im : 
377 | 
42 in. 
47 in, 
ned 
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1400 lb. f Structural Beams and Stringers (Continued) 


OAK 
Slope of Grain.—1 in 15. 


Knots.—Maximum permissible size in inches: 
NOMINAL On Narrow FAce, 


WIDTH oF 


PACE, IN. OF LENGTH OF WIDE Fac! 


DENSE LONGLEAF SOUTHERN PINE >» 
Slope of Grain.—| in 10. 


Knots.—Maximum permissible size in inches: 
NOMINAL On Narrow Face, 


WIDTH OF MippLe Tuirp AT CENTER LINE 
FAcE, IN. oF LENGTH oF Fac! 
Shakes, Checks, Splits: When 


CLOSE-GRAINED REDWOOD ££ 
Slope of Grain.—1 in 18. 


Knots.—Maximum permissible size in inches: 
NOMINAL On Narrow Face, 


WIDTH OF Mipp_e AT CENTER LINE 
FACE, IN. OF LENGTH oF WivE Fac! 


Wiptn of Narrow Face 
_ Shakes, Checks, Splits: When Green When Seasone’ 


MippLe Tuirp AT CENTER Lint 


y Slop 
Kno 
Shal 
Wan 
Slop 
Knot 
1 
I 
Shak 
= Wan 
Slope 
Knot 
| V 
F 


Douc.Las Fir (INLAND) 


LARCH 
Slope of Grain.—1 in 12. 
Knots—Maximum permissible size in inches: 
NoMINAL = On Narrow Face 
WIpTH OF Turrp At CENTER LINE 
FACE, IN. OF LENGTH oF WIDE Face 
Shakes, Checks, Splits: 


100 lb. Shear Grade (Larch) 
80 lb. Shear Grade (Fir) 


DENSE SHORTLEAF 
Slope of Grain.—\ in 8. 
Knots—Maximum permissible size in inches: 
E NOMINAL 

WIDTH OF 

FACE, IN. 


ON 


o 


Checks, Splits: 


100 lb. Shear Grade 
Wane 


CLOSE-GRAINED REDWOOD 
ope of Grain.—1 in 14. 
Anots—Maximum permissible size in inches: 


INE 


CE 


NOMINAL 
WIDTH OF 
Pace, IN. 


ON 


hakes, Checks, Splits: 


red 


PROPOSED FOR STRUCTURAL ‘TIMBERS 


1200 Ib. f Structural Beams and Stringers 


SOUTHERN PINE 


MIpDLE THIRD 


MippLe THIRD 


1 

3 

; Width of any face 


Narrow Face, 
At CENTER LINE 


OF LENGTH OF WIDE Face 


3? in. 3% in. 
3? in. in. 
in. 5% in. 
43 in. 6} in. 
in. 63 in. 
7} in. 
7} in 


Wiptu or Narrow Face 
When Green When 


Width of any 


NARROW 
At CENTER LINE 


oF LENGTH oF WipE Face 


2} in. 2% in. 
22 in. 3 
23 in. 3% in 
2? in. 3} in. 
4} in. 
44 in. 
4? in 


WiptH oF Narrow Face 
When Green When Seasoned 


1 } 
i Width of any face ; 


od = 
J. 
6. 
10 
12 
14 
16 
18 


Slope of Grain.—1 in 10. 
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1100 lb. f Structural Beams and Stringers 
Port OrFoRD CEDAR 


Slope of Gr Grain.—1 in 15. 
Knots.—Maximum permissible size in inches: 


NOMINAL On Narrow Face, 
WIDTH OF Mipp_e Turrp AT CENTER Line 
FAcE, IN. oF LENGTH oF WivDE Face 
WiptH oF Narrow Face 
Shakes, Checks, Splits: When Green When Season 


TIDEWATER RED CyPRESS 
Slope of Grain. in 12. 


Knots and Peck.—Maximum permissible size in inches: 


NOMINAL On Narrow Face, 
WIDTH oF MippLe AT CENTER_L 
IN. OF LENGTH or WIDE Fa 
53 in. 
Shakes, Checks, Splits: wine 
Wane. 5 W idth of any face 


OAK 


Knots.—Maximum permissible size in inches: 


NOMINAL On Narrow Face, 
WIDTH OF MippLe Tuirp AT CENTER _L 
FAcE, IN. oF LENGTH oF WivE Fa 
63 in 
Shakes, Checks, Splits: Seasoned 


3 
. 4 Width of any face 


Slot 
Kno 


Shak 


Wan 


Shak 


{ : 
| 
bi 
| 
Slop 
: Kno 
No 
| 
Shak 
Wan 
Slop 
Kno 
No 
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1000 lb. f Structural Beams and Stingens 
WESTERN RED CEDAR 


Slope of Grain.—1 in 18. 
Knots.—Maximum permissible size in inches: 


NOMINAL On Narrow Face, 
WIDTH OF MippLe THirp AT CENTER LINE 
FACE, IN. OF LENGTH oF WidE Face 
oF Narrow Face 
Shakes, Checks, Splits: When Green When Seasoned 
4 Width of any face 


III. STRUCTURAL POSTS AND TIMBERS 
= Compression stress parallel to grain in pounds per square inch. 


1300 lb. c Structural Posts and Timbers 


DENSE DoucLas Fir (Coast REGION) DENSE LONGLEAF SOUTHERN PINE 
DENSE DouGLas Fir (INLAND) DENSE SHORTLEAF SOUTHERN PINE : 
DENSE LARCH 


= Slope of Grain.—1 in 12. 
Knots—Maximum permissible size in inches: 7 


NoMINAL WIDTH 


AT ANY PoINT 


oF FACE, IN. ON ANY Face 
Wiptu or Narrow Face 
When Green When Seasoned 


1200 lb. c Structural Posts and Timbers 


TIDEWATER RED CYPRESS 
pe of Grain.—1 in 12. 


Knots and Peck.—Maximum permissible size in 
ACE NoMINAL WipTH AT ANY 
OF FAcE, IN. ON ANY FAcE 


ned WIpTH OF Face 

When Green When Seasoned 


4 
| 


1200 lb. c Structural Posts and Timbers (Continued) 
CLOSE-GRAINED DouGLas Fir (Coast REGION) 
CLOSE-GRAINED LARCH 
Slope of Grain.—1 in 12. 
Knots.—Maximum permissible size in inches: 


NoMINAL WIDTH 
OF FACE, IN. 


When Green 


DENSE LONGLEAF SOUTHERN PINE 
DENSE SHORTLEAF SOUTHERN PINE 
Slope of Grain.—1 in 10. 
Knots.—Maximum permissible size in inches: 


NoMINAL WIDTH 
= OF FACE, IN. 


When Green 
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AT ANY Pornt 
ON ANY Face 


Wiptu oF NARRow Face 
; When Green When Seasoned 
CLOSE-GRAINED DouGLas Fir (INLAND) 
Slope of Grain.—1| in 12. 
Knots.—Maximum permissible size in inches: 
NOMINAL WIDTH AT ANY Poin 
OF FACE, IN. ON ANY Fact 


Wiptu oF Narrow Face 


When Seasont 


; $ 


ON ANY FACE 


4? in. 


Wiptn or Narrow FAceE 
When Seasoned 


AT ANY POINT 


Sha 


Slo 


4 
Sloj 
Kn 
N 
| 
| Wa 
Kn 
N 
| 
We 
Ske 
Ki 
— 
10 3 im. 
12 in. 
| 14 3] in. 
16 4} in. 
I 18 4} in. 
W 
| 
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1200 Ib. c Structural Posts and Timbers (Continued) 
CLOSE-GRAINED REDWOOD 

Slope of Grain.—1 in 14. wl = 
Knots.—Maximum permissible size in inches: 


NoMINAL WIDTH 
oF FACE, IN. 


AT ANY 
ON ANY FAcE 


Wiptu or Narrow Face 
When Green When Seasoned 


1100 lb. c Structural Posts and Timbers 


DoucGLas Fir (Coast REGION) 
LARCH 


Slope of Grain.—1 in 12. 
Knots—Maximum permissible size in inches: 


NoMINAL WIDTH 
OF FACE, IN. 


AT ANY POINT 
ON ANY FAce 


Wiptu oF Narrow FACE 
When Green When Seasoned 


Doucias Fir (INLAND) 


Slope of Grain.—| in 12. Oa 
Knots.—Maximum permissible size in inches: 


NoMINAL WIDTH AT ANY PoINT 
OF FACE, IN. ON ANY FAce 


Wiptu oF Narrow FAce 
When Green When Seasoned 


383 
= ; 
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1100 Ib. c Structural Posts and Timbers (Continued) 
OaK 

Slope of Grain.—1 in 14. Slope o 
 Knots.—Maximum permissible size in inches: 
Nomina. WiptH _ At any Point Noi? 
oF FAcE, IN. ON ANY Face “oF | 

oF Narrow Face 
When Green When Seasoned 


CLOosE-GRAINED REDWOOD 


Slope of Grain.—1 in 12. 
Knots.—Maximum permissible size in inches: 
NomInaL WIDTH AT ANY Point N 
oF FACE, IN. ON ANY Face ay 
WintH oF Narrow Face 
; When Green When Seasoned 
1000 Ib. Structural Posts and Timbers 
Port OrFORD CEDAR Slope 
Slope of Grain.—1 in 14. Knots. 
_Knots—Maximum permissible size in inches: 
NomMINAL WIDTH AT any Point 
OF FACE, IN. ON ANY FACE 
Wipts or Narrow FAce 


| 
4 
oof 
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1000 Ib. c Structural Posts and Timbers (Continued) 
TIDEWATER RED CYPRESS _ 


Slope of Grain.—1 in 10. 
Knots and Peck.—Maximum permissible size in inches: : 


NoMINAL WIDTH AT ANY PoINT 
oF FACE, IN. ON ANY Face 


Wiptu oF NArRRow Face 
When Green When Seasoned 


$ 


Slope of Grain.—1 in 12. Lae 4 


Knots—Maximum permissible size in inches: 


NoMINAL WIDTH AT Any Point 
oF FAcE, IN. ON ANY Face 
i WiptH oF NArrow Face 


When Green When Seasoned | 


DENSE LONGLEAF SOUTHERN Pine 
“ope of Grain.—1 in 8. 


Knots——Maximum permissible size in inches: 


NominaL WIDTH AT ANY Point 
oF Facg, IN. ON ANY Face © 


20 63 in. 


Wipth or Narrow Face 
When Green When Seasoned 


4 


13 in 
in 
Wane 
AK 
| 
| 


When Green 


Wane 


900 lb. c Structural Posts and Timbers 


Port ORFORD CEDAR 


Slope of Grain.—1 in 12. 
Knots.—Maximum permissible size in inches: 
NoMINAL WIDTH 

oF FACE, IN. 


When Green 


Wane 


DENSE SHORTLEAF SOUTHERN PINE 
Slope of Grain.—1 in 6. 
Knots.—Maximum permissible size in inches: 


NoMINAL WIDTH 
OF FAcE, IN. 


When Green 


3 1 
1 Width of any face 


1 Width of any face 
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1000 Ib. c Structural Posts and Timbers (Continued) 
CLOSE-GRAINED REDWOOD 
Slope of Grain.—| in 10. 
Knots.—Maximum permissible size in inches: 
NOMINAL WIDTH AT Any Point 
OF FACE, IN. ON ANY Face 


WipTtH oF Narrow Face 


When Seasons 
1 


AT any Point 
ON ANY Face 
1} in. 

13 in. 

2 

23 in. 

3} in. 

3} in. 

37 in. 

3} in. 


WiptH oF Narrow Fact 


When Seas 


2 
4 Width of any face 


AT Any Point 
ON ANY FACE 

2 in. 

2; in. 

32 in. 

4? in. 

53 inl 

6} in. 

6} in. 

7 in. 

7} in. 


Wiptn or Narrow Face 


When Seasone 


Slope 
Knot. 


Non 
OF 


Shake 
Wane 


| 
+ 
f 
] 
i 
Shakes, Checks, its 
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800 lb. c Posts and Timbers 


WESTERN RED CEDAR 
Slope of Grain.—1 in 14. ms 


Knots.—Maximum permissible size in inches: 
NoMINAL WIDTH At any Pornt 


oF FACE, IN. ON ANY Face 7 


WiptH or Narrow Face 
When Green When Seasoned 


t 


See Appendix beginning on next page. 


| 
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é 
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Face 
l. 
l. 
l. 
l. 
il 
1. 
1. 
*ACE 
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Pal 


APPENDIX 


The following three tables summarizing standard sizes, stress-grades and working 
stresses for joist and plank, beams and stringers, and posts and timbers are appended TABL 


; for information. They offer a valuable key to different structural grades. 
TABLE I.—STANDARD SIZES, STRESS-GRADES, AND WORKING STRESSES FOR STRUCTURAL n 
Standard Sizes 
_ Permissible minimum rough thicknesses in not to exceed 20 per I 
; cent of pieces in any one shipment: 
Nominal widths. 4 in. and wider 
Permissible minimum rough widths in not to exceed 20 per cent of 
pieces in any one shipment: 
Dressed widths, S1E or S2E: 
2 in. off 
3 in. off 1800 ( 
Standard Stress-Grades and Working Stresses 
Finer STRESS MAXIMUM COMPRESSION 
IN BENDING HorizonTAL PERPENDICULAR OF 1600 1 
oR TENSION, SHEAR, TO GRAIN, ELASTICITY, 
GRADES AND SPECIES LB. PER SQ. IN. LB. LB. LB. PER SQ. IN. 
1800 Ib. f Dense Douglas Fir a 
(Coast and Inland).......... 1800 120 380 1 600 000 1600 | 
. 1800 Ib. f Dense Larch........... 1800 120 380 1 300 000 1600 | 
: 1800 lb. f Dense Longleaf or Dense S 
Shortleaf Southern Pine...... 1800 120 —-380 1 600 000 1600 | 
1600 Ib. f Close-Grained Douglas : 1400 | 
1600 100 345 1 600 000 1400 1 
> 1600 Ib. f Close-Grained Douglas 1400 | 
1600 Ib. f Close-Grained Larch.... 1600 100 345 1 300 000 1400 1 
d 1600 lb. f Dense Longleaf or Dense 1200 
Shortleaf Southern Pine...... 1600 120 380 1 600 000 1200 1 
1600 Ib. f Close-Grained Redwood. 1600 80 267 1 200 000 1200 1 
1400 Ib. f Tidewater Red Cypress. 1400 120 300 1 200 000 
1400 120 500 1 500 000 12001 
1400 Ib. f Dense Longleaf Southern 1100 I 
_ 1400 100 380 1 600 000 
1400 lb. f Close-Grained Redwood. 1400 80 267 1 200 000 i168] 
1200 Ib. f Port Orford Cedar..... 1200 100 250 1 200 000 1000 1 
1200 lb. f Douglas Fir (Coast).... 1200 100 325 1 600 000 
1200 Ib. f Douglas Fir (Inland)... 1200 80 315 1 500 000 
1200 100 1 300 000 
» 1200 lb. f Dense Shortleaf South- 
1200 Ib. f Close-Grained Redwood. 1200 70 1 200 000 
1100 lb. f Port Orford Cedar..... 1100 80 1 200 000 re 
1100 lb. f Tidewater Red peter 1100 100 1 200 000 
1100 100 1 500 000 
1 000 000 


1000 Ib. f Werters Red Cedar.... 1000 100 


+ 
= 
£45 
per. 
Gun 
. 
| 
at 


ing 
led 


RAL 


a 
ww 


Permissible minimum rough thicknesses in not to exceed 20 per 
cent of pieces in any one shipment: 


ys in. off 
Permissible minimum rough widths in not to exceed 20 per cent of . 
2 
Standard Stress-Grades and Working Stresses 
Fisper STRESS MAXIMUM CoMPRESSION MopuLus 
IN BENDING HORIZONTAL PERPENDICULAR OF 
OR TENSION, SHEAR, To GRAIN, ELASTICITY, 
GRADES AND SPECIES LB. PER SQ. IN LB. LB. LB. PER SQ. IN. 
1800 Ib. f Dense Douglas Fir : 
(Coast and Inland).......... 1800 120 380 1 600 000 
1800 Ib. f Dense Larch........... 1800 120 380 1 300 000 
1800 Ib. f Dense Longleaf or Dense 
Shortleaf Southern Pine...... 1800 120 380 1 600 000 — 
1600 lb. f Close-Grained Douglas 
1600 345 1 600 000 
1600 Ib. f Close-Grained Douglas 
1600 335 1 500 000 
1600 Ib. f Close-Grained Larch.... 1600 345 1 300 000 


1600 Ib. f Dense Longleaf or Dense 

Shortleaf Southern Pine ..... 
1600 Ib. f Close-Grained Redwood. 
1400 Ib. f Tidewater Red Cypress. 


1400 Ib. f Close-Grained Redwood. 
1200 Ib. f Douglas Fir (Inland). 


1200 Ib. f Close-Grained Redwood. 
1100 Ib. f Port Orford Cedar..... 
1100 Ib. f Tidewater Red Cypress. 
00 Ib. Western Red Cedar. 


380 
267 
300 
500 


380 
267 
315 
325 


380 
267 
250 
300 
500 
200 
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TaBLE II.—STANDARD SIZES, STRESS-GRADES, AND WORKING STRESSES FOR STRUCTURAL 
BEAMS AND STRINGERS. 

Standard Sizes 


5 in. and thicker _ 


600 000 
200 000 
200 000 
500 000 


— 


600 000 
200 000 
500 000 
1 300 000 


1 600 000 
1 200 000 
1 200 000 
1 200 000 
1 500 000 
1 000 000. 


ev 


| 
Js 
TY, 
IN. 
00 
00 
00 
1600 80 
1400 
100 
00 1400 
1400 80 
00 1200 80 
00 1200 100 
00 
12000 
00 1100 80 
100 1100 100 
100 1100 100 
100 1000 100 
00 
00 
000 
000 
000 
000 
000 
| 
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TABLE III.—STANDARD Sizes, STRESS-GRADES, AND WORKING STRESSES FOR STRUCTURAL 
Posts AND TIMBERS. 
Standard Sizes: 


‘ Permissible minimum rough thicknesses in not to exceed 20 per 


cent of pieces in any one shipment: BITU 
_ 5 and 6 in in. 


Nominal widths 5 in. and wider ih an 
Permissible minimum rough widths in not to exceed 20 per cent of meetil 

pieces in any one shipment: : 
specifi 


emuls 
were | 
Standard Stress-Grades and Working Stresses then 


COMPRESSION PARALLEL that 
To GRAIN, SHORT CoLumys, 
GRADES AND SPECIES LB. PER SQ. IN. E-10 


1300 Ib. c Dense Douglas Fir (Coast and Inland).............. 1300 revise 
1300 lb. c Dense Larch 1300 i 
1300 lb. ¢c Dense Longleaf or Dense Shortleaf Southern Pine... . 1300 which 
1200 Ib. c Close-Grained Douglas Fir (Coast) 1200 For stresse Tentati 
1200 Ib. c Close-Grained Douglas Fir (Inland) 1200 in compressior 
1200 Ib. ¢ Close-Grained Larch 1200 perpendicular 
1200 Ib. c Dense Longleaf or Dense Shortleaf Southern Pine... . 1200 to grain and 
1200 Ib. ¢c Close-Grained Redwood 1200 modulus of 
1100 lb. Douglas Fir (Coast) 1100 elasticity, 
1100 lb. ¢ Douglas Fir (Inland) 1100 see values in 
1100 lb 1100 Table II for 
1100 Ib 1100 Beams and 
1100 Ib 1100 Stringers. 
1000 Ib 1000 rds of 
1000 Ib 1000 Sag 
1000 Ib 1000 by Co 
1000 Ib. c Dense Longleaf Southern Pine 1000 if 
1000 Ib. c Close-Grained Redwood 1000 
900 Ib. c Port Orford Cedar 900 Accel 
900 Ib. c Dense Shortleaf Southern Pine..................... 900 : to the 
800 Ib. c Western Red Cedar 800 
tinued 
The detailed reasoning basic to these grades will be found by a study of a report intere: 
of the U.S. Forest Products Laboratory, U.S. Department of Agriculture Miscel- omm 
laneous Publication No. 185, entitled “Guide to the Grading of Structural Timbers and 
the Determination of Working Stresses,’’ February, 1934. Reference should also be 
made to the ‘Working Stresses” appearing in the Appendix to the Standard Spec- 
fications for Structural Wood Joist and Plank, Beams and Stringers, and Posts and I. Pr 
Timbers (A.S.T.M. Designation: D 245-33) of the American Society for Testing 
Materials.! 


_ 11933 Book of A.S.T.M. Standards, Part II, p. 384. 


> 
— 
i 
ty 
| falls 
arked 
“egative 
tAST. 


REPORT OF COMMITTEE D-8 
ON 


gITUMINOUS WATERPROOFING AND ROOFING MATERIALS 


Committee D-8 on Bituminous Waterproofing and Roofing Materials, 
in an appendix to its 1934 annual report as preprinted for the annual 
meeting, submitted certain proposed extensive revisions of four tentative 
specifications for asphalt roofing and two proposed tests for bituminous 
emulsions. After making further changes at the annual meeting, they 
were subsequently approved! by letter ballot of the committee and were 
then referred to Committee E-10 on Standards with recommendations 
that they be issued by the Society as tentative. At a meeting of Committee 
E-10 on August 22, 1934, these recommendations were accepted and the 
revised specifications and new methods, the titles and designations of 
which are as follows, have been published in the 1934 Proceedings.:? 


Tentative Specifications for: 


Asphalt Roofing Surfaced with Coarse Mineral Granules (D 249 — 34 T) 
Asphalt Roofing Surfaced with Fine Mineral Granules (D 248 — 34 T) 
Asphalt Roofing Surfaced with Powdered Talc or Mica (D 224 — 34 T) 
Asphalt Shingles Surfaced with Coarse Mineral Granules (D 225 - 34 T) 


The two methods of test for bituminous emulsions: namely, misci- 
ility and determination of water, were incorporated in the Tentative Meth- 
ls of Testing Emulsified Asphalts (D 244 — 34 T) originally recommended 
y Committee D-4 on Road and Paving Materials. 

In 1931, 1932 and 1933 a progress report from Subcommittee VIII on 
Accelerated Weathering Tests (O. G. Strieter, chairman) was appended 
‘0 the annual report of Committee D-8. This subcommittee has con- 
tinued its investigations and has secured additional information of sufficient 
interest to warrant its publication. A further progress report from Sub- 
committee VIII is therefore appended to this report. a 


RECOMMENDATIONS AFFECTING STANDARDS 
|. Proposed Tentative Standard: 


_ Proposed Tentative Volume Correction Table for Asphaltic Products.— 
Committee D-8 joins with Committee D-4 in recommending that the 


n submitting these specifications and methods to Committee E-10 on Standards, the committee reported 
‘owing results of the letter ballot vote of a total of 36 ballots returned from a committee membership 
“1: Un each of the four Tentative Specifications for Asphalt Roofing, 32 affirmative, 3 negative and 1 ballot 
d not voting;" Tentative Methods of Testing Emulsified Asphalts (D 244-34 T), 33 affirmative, 1 
and 2 ballots marked “‘not voting.” 
 roceedings, Am. Soc. Testing Mats., Vol. 34, Part I, pp. 955, 951, 947, 944, 926 (1934); also 1934 Book 
‘T.M. Tentative Standards, pp. 755, 759, 763, 767, 711. 
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tables designated as Group 0 and Group 1 in the Standard Abridged Volume 
Correction Table for Petroleum Oils (D 206 — 34)! be tentatively approved 
as a Volume Correction Table for Asphaltic Products. These tables are 
now in common use by the asphalt industry. 


IT. Proposed Revision of Standard: 


Standard Specifications for Woven Cotton Fabrics Saturated with Bitumi- 
nous Substances for Use in Waterproofing (D 173 — 27).2—In order to allow 
for customary methods of packing, the committee recommends the follow- 
ing change in these specifications and since this minor modification does 
not materially affect the specifications, it is recommended that it be con- 
sidered an editorial change and made immediately: 

Section 11.—Change the first sentence to read as follows by the addition 
of the italicized words and figures and the omission of those in brackets: 


11. The rolls of treated cotton fabric shall be wound on [2 by 2-in. wooden| 
mandrels not less than 2 in. in diameter or 2 in. square, and extending not less than 
2 in. nor more than 4 in. beyond the ends of the rolls. 


IIT. Proposed Revision of Tentative Standards: 

Tentative Specifications for Asphalt Roofing Surfaced with Powdered 
Talc or Mica (D 224-34 T)3—To meet criticisms received, the committee 
recommends that these specifications be revised as follows and continued 
as tentative. 

Section 1.—Omit the last sentence which reads as follows: 

Such roofing is intended for use as a roof covering for buildings. 


Section 2.—After the words “mineral filler’ add the words “sub- 
stantially insoluble in water.” 

Section 5 (e).—Change the weight of saturant (soluble in CS.) per 108 
sq. ft. specified for the 55-lb. grade from a minimum of “17.5 Ib.” to read 

Section 5 (h).—Change the beginning of this paragraph to read a 
follows by the addition of the italicized words and the omission of the 
words in brackets: 

(hk) Weight of any 108 sq. ft. roll of complete roofing [per 108 sq. ft.] in the shipment. 


Section 11 (a).—Change the first sentence of this section by substituting 
the words ‘‘Washburn & Moen”’ for ‘“‘A. S. & W.”’ 

Tentative Specifications for Asphalt Shingles Surfaced with Coarst 
Mineral Granules (D 225 -34.T).4—To meet criticisms received, the com- 
mittee recommends that these specifications be revised as follows and col 
tinued as tentative: 


11934 to Book of A.S.T.M. 127. 
21933 B of A.S.T.M. Standards, Part II, 
9 be gee 4 Am. Soc. Testing Mats., Vol. 34, Pee p. 947 (1934); also 1934 Book of A.S.T.M. Tentati 
tandards, p. 763. 
4 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 944, (1934); also 1934 Book of A.S.T.M. Ten: 
tative Standards, p. 767. 
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‘Section 2.—Change the first sentence to read as follows by the addition 
of the italicized words and the omission of the word in brackets: 

2. In the process of manufacture, a single thickness of dry roofing felt shall be 
impregnated with a hot asphaltic saturant, then coated on both sides with a hot 
asphaltic coating compounded with a fine mineral filler substantially insoluble in water, 
and finally surfaced on [one] the weather side with mineral granules embedded in the 
hot asphaltic coating. 

Section 5.—Change the beginning of Paragraphs (f) and (g) of this 
section to read as follows by the addition of the italicized words and the 
omission of the word in brackets: 

({) Weight of [front] weather side coating (soluble in CS,) per 108 sq. ft. 

(g) Weight of [back] reverse side coating (soluble in CS.) per 108 sq. ft. 

Tentative Specifications for Asphalt Roofing Surfaced with Fine Mineral 
Granules (D 248-34T).—To meet criticisms received, the committee 
recommends, that these specifications be revised as follows and continued 
as tentative: 

Section 1.—Omit the last sentence which reads as follows: 

Such roofing is intended for use as a roof covering for buildings. 


Section 2.—Change the first sentence to read as follows by the addition — 
of the italicized words and the omission of the word in brackets: 


2. In the process of manufacture, a single thickness of dry roofing felt shall be 
mpregnated with a hot asphaltic saturant then coated on both sides with a hot 
sphalt coating compounded with a fine mineral filler substantially insoluble in water, 

finally surfaced on [one] the weather side with fine granules of talc or other mineral 

terial, and of a color as may be mutually agreed upon between the purchaser and 
ler, embedded in the hot asphaltic coating. 


Section 5.—Add to this section a new Paragraph (g) given in italics 
velow, and change the present Paragraphs (f), (g) and (/) to read as follows 
by the addition of the italicized words and figures and the omission of those 
in brackets, relettering the present Paragraphs (z) and (j) accordingly: 


GRADES 
65 LB. 55 LB. 
MAX., LB. MIN., LB. MAXx., LB. MIN., LB. 
!) Weight of weather side coating 
(soluble in CS,) per 108 
[20.0] 15.0 [10.0] 8.0 [20.0] 15.0 [10.0] 8.0 
’) Weight of reverse side coating 
(soluble in CS2) per 108 R 
h) Weight of mineral matter * 
108 sq. ft.: we 
assing No. 14 and. re- 
tained on No. 100 sieve. 17.0 3.0 12.0 3.0 
Passing No. 100 sieve..... 10. [3.0] 4.0 10.0 [3.0] 4.0 
Weight of any 108 sq. ft. roll 
of complete roofing a 108 
sq. ft.] in the shipment . 60.0 wien 50.0 


atari etines, Am. Soc. Testing Mats., Vol. 34, Part I, p. 951 (1934); also 1934 Book of A.S.T.M. Tentative 


are 
llow 
low- 
does 
con- 
ition 
ts: 
oden 
than 
__| 
sub- 
Tentativt 
M. Tet 


REPORT OF COMMITTEE D-8 


Section 11 (a).—Change the first sentence of this section by substituting 
the words “Washburn & Moen” for “A. S. & W.” 

Tentative Specifications for Asphalt Roofing Surfaced with Coarse Mineral 
Granules (D 249-34T)1—To meet criticisms received, the committee 
recommends that these specifications be revised as follows and continued as 
tentative: 

Section 1.—Omit the last sentence which reads as follows: 

Such roofing is intended for use as a roof covering for buildings. 


Section 2.—Change the first sentence to read as follows by the addition 
of the italicized words and the omission of the word in brackets: 


2. In the process of manufacture, a single thickness of dry roofing felt shall be 
impregnated with a hot asphaltic saturant, then coated on both sides with a hot 
asphaltic coating compounded with a fine mineral filler substantially insoluble in water, 
and finally surfaced on [one] the weather side with mineral granules embedded in the 
hot asphaltic coating. 


Section 5.—Change Paragraphs (c) to (7), inclusive, to read as follows 
by the addition of the italicized words and figures and the omission of those 


in brackets: 7 
[GRADES] 
05 LB.) 
[Max., LB.| [MIN., LB.| MAXx., LB. MIN., LB 
(c) Weight per roll, { No bare edge...... aes [97 .0] Pa 83.0 
net avg....... 2 or 3 in. bare edge .... [95 .0} soda 81.0 
(d) Weight of dry felt per 108 sq. ft......... ane [15.7] <iele 10.8 
; (e) Weight of saturant (soluble in CS,) per 
(f) Weight of [front] weather side coating (sol- 
uble in CS:) per 108 sq. ft.......... {20.0} [12.0] 20.0 12.0 
(g) Weight of [back] reverse side coating (sol- 
uble in CS,) per 108 sq. ft.......... [5.0] [2.0] 5.0 2.0 
(h) Weight of mineral matter per 108 sq. ft. 
passing No. 6 and retained on No. 
(t) Weight of mineral matter per 108 sq. ft. 
passing No. 100 sieve.............. {10.0} [4.0] 10.0 4.0 
(j) Weight of any 108 sq. ft. roll of complete a oe 
> roofing [per 108 sq. ft.] im the ship- 
ment (coarse granule surfaced por- 
Section 6 (a).—Change this section to read as follows by the addition 
of the italicized words and the omission of those in brackets: 
6. (a) The [weather] surface of the weather side shall be uniform in finish ¢ 
texture. The mineral granules shall be uniformly distributed over the entire surface 


(except as noted in Paragraph (6)) in a smooth layer and shall be [so] firmly embedded 
in the [asphaltic] asphalt coating [that when rubbed vigorously with the hand, sufficies! 
will remain to completely cover the coating]. 


Section 10 (a).—Change the first sentence of this section by substituting 
the words “Washburn & Moen” for “A. S. & W.” 


1 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 955 (1934); also 1934 Book of A.S.T.M. Tentativt 
Standards, p. 755. 
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ing Tentative Specifications for Asphalt for Use in Constructing Built-Up 


Roof Coverings (D 312-29 T).\—For some time past the committee has { 


ral @ {elt that these specifications were inadequate from the standpoint of differ- | 
‘tee § entiating the products for various types and conditions of use. It has 
las § therefore prepared an entirely new table of properties which has been 


incorporated in the proposed revised specifications appended hereto? and 
which the committee recommends for publication as tentative. 

Tentative Method of Test for Coarse Particles in Bituminous Materials 
by Means of Elutriation (D 313 — 29 T).'—This test was specified by refer- 
ence in the Tentative Specifications for Asphalt for Use in Constructing 
Built-Up Roof Coverings (D 312—29T). In the proposed revision 


tion 


oe of these specifications, as given above, an entirely different method of 
vater, | determining coarse particles will be required. The committee therefore 
nthe # recommends that the proposed new Tentative Method of Test for Coarse 
Particles in Mixtures of Asphalt and Mineral Matter, appended hereto,* 
lows § be accepted as a revision of the present tentative method. 
In connection with the various specifications for bituminous roofing 
materials herein reported, which were considered by Committee D-8 at 
al ameeting on March 8, 1935, Mr. P. H. Walker, acting for H. R. Snoke 
0 f the National Bureau of Standards, requested that the published report 
5 - of the committee record his objection to “‘the continued use of the toxic 
and highly inflammable carbon disulfide as a solvent;” also his recom- 
fon mended “‘use of carbon tetrachloride,” and his exception to “the pliability 
2.0 test as being too lenient.” He stated that “‘specifications should require 
2.0 that all test pieces pass the pliability test.” 
The recommendations appearing in this report have been submitted 
5.0 to letter ballot of the committee, which consists of 48 voting members; 
4.0 #2 members returned their ballots, the results being as follows: 
Affi Nese | Marked 
m-| Neg- ar 
80.0 Items ative ative | “Not 
Voting’’ 
\dition I. Proposep TENTATIVE STANDARD 
ive Volume Correction Table for Asphaltic Products................0..0..00.0.0cceceeee- 37 0 5 
II, Proposep Revision oF STANDARD 
ish and cifications for Woven Cotton Fabric Saturated with Bituminous Substances for Use in Water- 
III. Proposep Revision or TenTaTIVE STANDARDS 
ufficient *tifications for Asphalt Shingles Surfaced with Coarse Mineral Granules (D 225-34 T)....... 
“‘ifications for Asphalt for Use in Constructing Built-Up Roof Coverings (D 312-29 T)...... 32 
ituting 
' Proceedings, Am. Soc. Testing Mats., Vol. 29, Part I, pp. 719, 722 (1929); also 1934 Book of A.S.T.M. 
Tentativt ative Standards, pp. 752, 770. 


See p. 983.—Ep 
"See p. 1001.—Ep. 
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This report has been submitted to letter ballot of the committee which 
consists of 48 voting members; 42 members returned their ballots, of whom 


37 have voted affirmatively and 2 negatively. 
Respectfully submitted on behalf of the committee, a 
J. M. Wess, 


Prevost HUBBARD, 
Secretary. 4 
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REPORT OF SUBCOMMITTEE VIII ON ACCELERATED 
WEATHERING TESTS 


In previous reports of Subcommittee VIII on Accelerated Weathering 
Tests! results of cooperative tests were submitted. The purpose of these 
tests was the standardization of the carbon arc lamp. It was shown that 
the differences obtained in the test results were mainly due to differences 
in the intensities of the lamps, especially between lamps using direct cur- 
rent and those operated on alternating current. 

Cooperative tests and radiant energy measurements? showed that the 
direct-current lamp with an amperage of 12 to 14 amp. gave practically 
the same light intensity as the alternating-current lamp operated at an 
amperage of 15 to 17 amp. As now constructed, the adjustment of the 
lamps is somewhat difficult because of the lack of sensitivity of the resist- 
ance unit. 

Further data on the effect of the accelerated weathering cycle as com- 
pared with outdoor weathering have been obtained. In this series of tests 
1 total of 798 panels have been exposed, 684 outdoors in different localities 
and 114 to the accelerated cycle. The method of test was described in a 
previous report of this subcommittee.? The results of these tests show 
the value of the accelerated cycle in that in all cases the order of failure 
vas the same in both accelerated and outdoor exposures. These tests 
lurther show that only an average durability can be determined in the 
accelerated cycle since the outdoor exposures in different localities varied 
somewhat owing to differences in weather conditions. Such an average 
ilso holds true for a given locality, since the weather conditions vary from 
year to year. 

Only a small fraction of the data obtained can be given here. The 
llowing table shows that the panels broke down in the same order of 
lime whether exposed outdoors or to the accelerated weathering cycle: 


| Accelerated Weathering 
Cycle, number of cycles Outdoor Sapeees. Photograph 


required to reach end point for 14 yr. of Panels 
| of test 


28 cycles Reached end point 
28 cycles Reached end point 
28 cycles Reached end point 
43 cycles Faint cracks 
but no end point 
65 cycles No cracks 

.| Still perfect after 65 cycles Perfect 


Proceedings, Am. Soc. Testing Mats., Vol. 31, Part I, p. 511 (1931); a Vol. 32, Part I, p. 452 (1932). 
Proceedings, Am. Soc. Testing Mats., Vol. 33, Part I, pp. 379, 381 (1933) 
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Figure 1 shows a panel (A1) after 65 cycles of accelerated weathering 
] - with duplicate panels (A2 to A7) exposed outdoors for 1} yr. in various 
localities. These panels all remained intact and in perfect condition. 
There are no cracks visible to the eye nor under a magnifying glass (12), 


Al A2 A3 A4 AS A6 A7 


Fic. 1.—Asphalt Panels After Accelerated Weathering and Outdoor Exposure. 


Panel Al After Exposure to 65 Cycles of Accelerated Weathering. 
Panels A2 to A7 After 14-yr. Exposure Outdoors in Various Localities. 


The coatings illustrated consisted of 44.2 per cent hard asphalt (by weight), 20.8 per cent soft asphalt 
and 35.0 per cent slate flour, the latter passing a No. 100 but retained on a No. 200 sieve. Both asphalts were 
prepared from the same Venezuelan flux but were blown to different degrees of hardness. The hard asphalt 
had a softening point (ring-and-ball method) of 107 C., the soft asphalt one of 90 C., while the resulting asphalt- 


filler mixture had a softening point of 107 C. - 
Al A2 A3 A4 AS A6 A7 


Bl B6 B7 
_ Fic. 2.—Panels Showing Two Asphalts After Accelerated Weathering and Outdoor 


Exposure. 
Panels Al and B1 Were Exposed to 65 Cycles of Accelerated Weathering. 

Panels A2 to A7 and B2 to B7 Were Exposed Outdoors in Various Localities for 1} yr- 

The coatings illustrated in the upper row consisted of equal parts of the hard and the soft asphalts, t 

mixture having a softening point (ring-and-ball method) of 99.5 & The panels in the lower row were a bler 

A a per cent hard asphalt with 75 per cent soft asphalt, the resulting mixture having a softening point 
Figure 2 shows two asphalts similarly exposed (panels Al and BI ‘ 
after accelerated weathering, and panels A2 to A7 and B2 to B7 after out- — 
door exposure). All of these coatings show cracks except A4 and Bé, eni 
exposed in a mild climate lacking sun and moisture. The coatings exposed ] 


to the accelerated cycle reached the endpoint (cracks down to aluminum 
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base) in 28 cycles but were carried through the 65 cycles. Because of the 
intensity of the accelerated weathering cycle some asphalts, of which 
these two are representative, tend to groove and show so-called ‘‘hum- 
mocks.” This behavior is seldom found in the milder outdoor exposure. 
Another series of accelerated exposures is being made with the lamp at a 
lower intensity. Figure 3 shows the asphalts used in panels Al and B1 of 
Fig. 2 after exposure to this milder cycle. These coatings have not reached 
the end-point. They have passed the stage where “hummocks” should 
appear, but they still remain smooth and no doubt will continue so. 
Hummocking is due to the intensity of the light and heat period and 
the susceptibility of some asphalts. From the testing point of view, how- 
ever, such behavior is not objectionable, since the comparison with out- 
door exposures has shown (see Nos. 1 and 2, in table above) that the ‘“‘hum- 


FiG. 3.—Appearance of Coatings After to Milder Accelerated 
Weathering Cycle. 
The coatings were the same as those used on the panels shown in Fig. 2 
mock” samples break down in the accelerated cycle in the same order as 
they do outdoors. 

All these tests. show that the accelerated cycle gives results similar to 
those obtained from outdoor exposure, but in a much shorter period of 
time. The usefulness and reliability of the accelerated test is thus estab- 
lished. The results furthermore show that the cycle used is reliable and 
so the Proposed Method for Accelerated Weathering Tests on Bituminous 
Materials! may be accepted as satisfactory. 

Some refinements in the method are still necessary before it can be 
fecommended for publication as tentative. Such refinements will be in 
the nature of better controlled conditions of light, temperature and humidity. 


Respectfully submitted on behalf of the subcommittee, 
O. G. STRIETER, 


* Proceedings, Am. Soc. Testing Mats., Vol. 33, Part I, p. 381 (1933). 


Chairman. 4 


lg : 
us 
q | 
n. f 
} 
{ 
: 
| 
ts, the 
blenc 
int ot 
out- | 
B4, 


REPORT OF COMMITTEE D-9 


ON 
ELECTRICAL INSULATING MATERIALS 


During the year Committee D-9 on Electrical Insulating Materials 
held two meetings and expects to hold a third during the annual meeting 
of the Society in June at Detroit, Mich. The meetings were held in Novem- 
ber, 1934, and March, 1935, with an average attendance of 86 members and 
visitors. It is with satisfaction that the committee reports that at these 
meetings numerous projects have had active consideration which has 
resulted in recommendations for additions and changes in the standards 
for which Committee D-9 is responsible. 

Subsequent to the 1934 annual meeting, the committee presented to 
the Society through Committee E-10 on Standards revisions of the following 
three tentative methods and one standard method. The revised tentative 
methods and the revision of the standard were accepted for publication as 
tentative! by Committee E-10 at a meeting held on August 22, 1934, and 
appear in the 1934 Proceedings: 


Revised Tentative Methods of: 
Testing Untreated Paper Used in Electrical Insulation (D 202 - 34 T)? 
Testing Sheet and Plate Materials Used in Electrical Insulation (D 229 - 34 T)* 
Testing Electrical Insulating Materials for Resistance to Impact (D 256 - 34 T)! 


Tentative Revision* of Standard Methods of: 
Testing Molded Materials Used for Electrical Insulation (D 48 — 33) 


Through Sectional Committee C59 on Electrical Insulating Materials, 
functioning under the procedure of the American Standards Association, 
the following standards of Committee D-9 were submitted to the A.S.A 
and approved as American Standards on January 30, 1935: 


Standard Methods of Testing Molded Materials Used for Electrical Insulatio: 
(D 48 — 33) (A.S.A. No. C59.1 - 1935) 
Standard Methods of Testing Electrical Insulating Oils (D 117 - 33) (A‘S.A 
No. C59.2 — 1935) 
Standard Methods of Test for Resistivity of Insulating Materials (D 257-33 
(A.S.A. No. C59.3 - 1935) 


1In submitting these revisions to Committee E-10 on Standards, Committee D-9 reported the followin 
results of the letter ballot vote of a total of 36 ballots returned from a committee membership of 66: Tentative 
Methods of Testing Untreated Paper Used in Electrical Insulation (D 202 — 34 T), 26 affirmative, none neg 
tive, and 10 ballots marked “not voting; Tentative Methods of Testing Sheet and Plate Materials Used! 
Electrical Insulation (D 229-34 T), 22 affirmative, none negative, and 14 ballots marked “‘not voting 
Tentative Methods of Testing Electrical Insulating Materials for Resistance to Impact (D 256 - 34 7) 
affirmative, 2 negative, and 15 ballots marked “not voting”; Standard Methods of Testing Molded Mater 
Used for Electrical Insulation (D 48 - 33), 19 affirmative, none negative, and 17 ballots marked “not votné 
2 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, pp. 1007, 1055, 995, 1277 (1934); also 1934 Book 


A.S.T.M. Tentative Standards, pp. 849, 893, 821, 1205. 
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On ELECTRICAL INSULATING MATERIALS 


RECOMMENDATIONS AFFECTING STANDARDS 


_ As a result of the year’s work, the committee is presenting a new 
tentative method of test and many recommendations for revisions of 
standards and tentative standards as noted in brief form below together 
with the results of the letter ballot. The revisions being recommended are 
indicated in detail in the Appendix, each item being accompanied by a brief 
explanation of the reason for the proposed change or addition, together 
with any data available to indicate the scope of the investigation involved 
in arriving at the recommendations. 

I. Proposed Tentative Standard.—Subcommittee I on Insulating 
Varnishes, Paints and Lacquers (C. F. Hanson, chairman) found that there 
was a sufficient demand both from users and importers of shellac to prepare 
standard methods of testing, particularly to distinguish its characteristics 
for insulating purposes. ‘There had also been presented to the Society 
through the American Standards Association a request to develop test 
methods for shellac when used in insulation. ‘The committee undertook 
this work some time ago, using as a basis the present Standard Methods of 
Sampling and Testing Shellac (D 29-33).! The proposed Tentative 
Methods of ‘Testing Shellac Used for Electrical Insulation, appended hereto,” 
include a procedure for the determination of polymerization time which it 
is felt should be a desirable measurement to be made on shellac used for 
insulation. ‘The test for polymerization time is an indication of the curing 
time of shellac and also an indication of whether a given shellac will cure 
properly. When shellac is used as an insulation in electrical apparatus, it 
is desirable that the shellac shall be not thermoplastic throughout the 
operating temperature range of the apparatus. ‘This end is effected by 
heating the shellac insulation for a prolonged period of time at an elevated 
temperature and this process is known as curing the shellac. During this 
curing period, the shellac undergoes an internal change, making it less 
susceptible to softening and most likely adding durability to the shellac. 

The committee accordingly recommends that the proposed Tentative 
Methods of Testing Shellac Used for Electrical Insulation be accepted for 
publication as tentative, as appended hereto.” 

IT. Proposed Revision of Standards.—The committee recommends that 
editorial changes be made in the Standard Methods of Testing Electrical 
Porcelain (D 116 — 34) to become effective immediately, and also proposes 
modifications of the Standard Methods of Testing Electrical Insulating 
Oils (D 117-33) for publication as a tentative revision, as indicated in 
the Appendix. 

III. Proposed Revision of Tentative Standards——The committee is 
Presenting, as indicated in the Appendix, editorial changes in three tentative 


+ 1933 Book of A.S.T.M, Standards, Part II, p. 678. 
See p. 1077.—Ep, 
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Report oF ComMITTEE D-9 


standards and is also proposing revisions of ten tentative standards, as 
follows, with the recommendation that as revised they be continued as 
tentative: 


‘Tentative Methods of: 


Testing Varnishes Used for Electrical I Insulation (D 115 - 15-34 T) 
_ Testing Electrical Insulating Materials for Power Factor and Dielectric Constant 
(D 150 - 34 T) 
_ Testing Solid Filling and Treating Compounds Used for Electrical Insulation 
(D 176 - 34 T) 
- Sheet and Plate Materials Used in Electrical Insulation (D 229 - 34 T) 
_ Testing Electrical Insulating Materials for Resistance to Impact (D 256 - 34 T), 
editorial changes 
Testing Laminated Tubes Used in Electrical Insulation (D 348 - 34 T) 
Testing Laminated Round Rods Used in Electrical Insulation (D 349 - 34 T) 
Testing Flexible Varnished Tubing Used for Electrical Insulation (D 350 - 32 T) 
Test for Grading Natural Mica (D 351 - 33 T) 
- Testing Pasted Mica Used in Electrical Insulation (D 352-32 T), editorial 


changes 
Testing Molding Powders Used in Manufacturing Molded Electrical Insulators 
(D 392 - 34 T) 


Tentative Specifications for: 


Flexible Varnished Tubing Used in Electrical Insulation (D 372 - 33 T) 
Black Bias-Cut Varnished Cloth Tape Used for Electrical Insulation (D 373- 


_ 34 T), editorial changes 
IV. Tentative Standards Continued as Tentative-—The following two 


tentative standards under the jurisdiction of the committee have been 
tentative for more than three years without revision for the reasons 
indicated: 

Tentative Method of Test for Determining the Electrical Insulating 
Qualities of Slate (D 273-27 T), which is under the joint jurisdiction of 
Committee D-9 and Committee D-16 on Slate, has been retained as tenta- 
tive since 1927. The work on methods for determining conducting paths 
by Subcommittee VII on Electrical Tests (E. S. Lee, chairman) has now 
reached a very satisfactory solution. A simple method employing a spark 
coil and suitable exploring electrodes gives satisfactory results. This 
method will be referred to Committee D-16 before being submitted to 
letter ballot of Committee D-9. Accordingly, it is recommended that this 
tentative method be continued in its present form pending further considera- 
tion of the revision. 

Tentative Method of Test for Comparing the Thermal Conductivities of 
Solid Electrical Insulating Materials (D 325 —- 31 T) is not being revised or 
adopted although it has been tentative for four years. Through Subcom 
mittee VII, measurements are being continued by those who are interested 
and it is recommended that it be continued as tentative until its adequacy 

is well determined. 
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The recommendations appearing in this report have been submitted to 
letter ballot of the committee, which consists of 70 members; 43 members 


returned their ballots, with the results shown in Table I. 
TABLE I.—ANALYSIS OF LETTER BALLOT VoTE. 


Ballots 
Items Affirm- | Neg- | Marked 
ative ative “Not 
Voting” 
I. Proposep Tentative STANDARD 
Methods of Testing Shellac Used for Electrical Insulation..................20ceceeeeeceeeees 24 0 19 
II. Proposep Revisions or STaNDARDS 
Methods of Testing Electrical Porcelain (D 116 - 34), editorial changes....................0. 20 0 23 
Methods of Testing Electrical Insulating Oils (D 117 -33).................cceeeeeceeeeccees 30 0 13 
III. Proposep Revisions or Tentative STANDARDS 
Methods of Testing Varnishes Used for Electrical Insulation (D 115-34 T).................... 23 0 20 _ 
Methods of Re, Electrical Insulating Materials for Power Factor and Dielectric Constant ‘ 

Methods of as Solid Filling and Treating Compounds Used for Electrical Insulation : 

Methods of Testing Sheet and Plate Materials Used in Electrical Insulation (D 229-34 T)...... 30 1 12 
Methods of Testing Electrical Insulating Materials for Resistance to Impact (D 256-34 T), 

Methods of Testing Laminated Tubes Used in Electrical Insulation (D 348 - 34 T)............. 25 0 18 
Methods of Testing Laminated Round Rods Used in Electrical Insulation (D 349 - 26%)........ 26 0 17 
Methods of Testing Flexible Varnished Tubing Used for Electrical Insulation (D 350 - 32 T).... 23 0 20 
Methods of Test for Grading Natural Mica (D 351 - 33 T).................0ccececceececcece 22 0 21 
Testing Pasted Mica Used in Electrical Insulation (D 352 - 32 T), editorial changes........... 18 1 24 
Methods of Testing Molding Powders Used in Manufacturing Molded Electrical Insulators 

Specifications for Flexible Varnished Tubing Used in Electrical Insulation (D 372-33 T)...... 22 0 21 
Specifications for Black Bias-Cut Varnished Cloth Tape Used for Electrical Insulation (D 373 - 


ACTIVITIES OF SUBCOMMITTEES 


Although the recommendations affecting standards are to some degree 
a measure of the work accomplished by the committee during the year, 
they represent only those items which the committee was able to bring to 
adefinite conclusion at this time. There are, however, many other projects 
on which the committee has been working. A brief summary of some of its 
activities is presented. 

Throughout the various subcommittees, there is considerable activity 
in connection with the study of the influence of ambient conditions on test 
results which has resulted in the establishment of a special Subcommittee 
on Conditioning (D. T. May, chairman). This subcommittee was organized 
during the past year to include a representative from each of the regular 
subcommittees. It will undertake to study those standards which have 
conditioning requirements with a view to coordination and also with the 
hope of being able to develop suitable facilities of general application. 

In the field of insulating oils, a large amount of work has been carried 
on by Subcommittee IV (E. A. Snyder, chairman) in connection with the 
sludge test in the presence of a catalyst and short-time sludge tests. The 
possibility of electrical titration has been further advanced and should aid 
in acidity and neutralization measurements on oils. 
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Subcommittee IV has also organized a Section on Tests of Cable Oils. 


Since this is a subject of considerable research and discussion by other of 5 
societies, it is felt well to summarize the present extent of this program. tha 
Test methods are being investigated along the following lines: to ¢ 
1. Sampling and conditioning of samples. III 
2. Aging and oxidation of cable oils primarily to study electric stability this 
of aged and oxidized oils. this 
3. Power-factor, dielectric-constant and resistivity tests of cable oils. tion 
4. Volumetric gas content of insulating oils. 
5. Power factor of treated papers. cons 
6. Viscosity determination of small samples of oil primarily for use the 
where it is possible only to extract small samples from a cable for test. effec 
Mr. E. A. Snyder, the chairman of Subcommittee IV functions as Con 
Technical Adviser on Insulating Oils to the U. S. National Committee of the 
the International Electrotechnical Commission. During the year, the sub- have 
committee translated and discussed a number of papers received from foreign deve 
countries on insulating oils. It will prepare this year a report for the felt, 
U. S. National Committee, to be submitted to the central office in London, 
of its work over the past two years. and 
In Subcommittee V on Ceramic Products (Porcelain, Glass, Ete. type 
(L. E. Barringer, chairman), there has been established a new section which of tl 
will undertake the study of glass for insulating purposes. This new activity meas 
brought into Committee D-9 several new members in order to have an is ad 
adequate representation on the new section. Several meetings have com] 
been held. work 
Due to the active interest in power-factor measurements of insulating expa 
materials, both at commercial and high frequencies, Subcommittee VII on refin 
Electrical Tests (E. S. Lee, chairman) has been called upon by many of the : 
other subcommittees to develop and recommend suitable methods for the seal 
measurement of the materials in which they are interested. As a result, hae 
this subcommittee has reviewed the procedures so as to provide simple and 
effective equipment for the different materials. Certain of the additions to | 
the tentative methods being recommended at this time are the result of 
this work. The subcommittee has further work in connection with 
approving circuits, particularly for power-frequency measurements. A EJ 


Section on Power-Factor Measurements at Ultra High Frequencies has also 
been organized. 

A section of Subcommittee VIII on Insulating Papers and Fabric 
(Treated and Untreated) (R. W. Chadbourn, chairman), which was estab- 
lished to develop suitable methods of thickness measurement, developed 
several years ago the Tentative Methods of Test for Thickness of Solid 
Electrical Insulation (D 374-34 T). This section has since been active 
through the various other subcommittees trying to coordinate the method 
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ver of measuring thickness with a view to arriving possibly at a few methods 
m. that will have universal application. Its progress has been highly successful 
to date and several test methods under the jurisdiction of Subcommittee 
III on Plates, Tubes, and Rods (Dean Harvey, chairman) are being revised 


ity this year as a result of this work. There is also under consideration in 
this field, at the request of the National Electrical Manufacturers Associa- 
ils. tion, a study of thickness-measuring methods for wide sheets up to 50 in. 


The Section on Insulated Papers of Subcommittee VIII has had to 
consider in its work the test methods which might be developed through 


use the Technical Association of the Pulp and Paper Industry. Feeling that 
efiective work could not be accomplished without close cooperation between 
as Committee D-9 and T.A.P.P.I., efforts were made in this direction. During 
> of the year, through the Executive Committee of the Society, arrangements 
ub- have been made to set up definite cooperation so that the test methods 
‘ign developed should have general acceptance and application. ‘This, it is 
the felt, will be very beneficial to the work of this subcommittee. 
lon, Viscosimeters for use on varnishes have received considerable attention 
and a study is also being made with a view to developing simple control- 
tc.) type devices for production work. In the field of impact testing, the study 
hich of the possibility of impact fatigue measurements is being made. The 
vity measurement of arc resistance of sheet and plate insulation at high voltage 
» an is advanced to the point where several laboratories expect to undertake 
rave comparative tests using a method which has been reported on. Other 
work which has been productive includes investigation of coefficient of 
ting expansion and occluded gases of filling and treating compounds and further 
[on refinement of the methods of grading mica. 
f the 


This report has been submitted to letter ballot of the committee, which 
consists of 70 members; 43 members returned their ballots, all of whom 
have voted affirmatively. 
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PROPOSED REVISIONS IN STANDARDS AND TENTATIVE 
STANDARDS FOR ELECTRICAL INSULATING MATERIALS 


In this Appendix are given proposed revisions in certain standard and 
tentative standards covering electrical insulating materials which are 
referred to earlier in this report. In connection with each title is given the 
reference to the publication in which the standard appears in its present 
form. 


Editorial Revision of Standard Methods of Testing Electrical Porcelain (A.S.T.M. 
Designation: D 116 - 


Based on a discussion as to the scope of these methods and also on 
suggestions received from the Sectional Committee on Electrical Insulating 
Materials, Committee D-9 recommends that the following editorial changes 
be made immediately: 

Section 1.—Change the first sentence to read as follows by the addition 
of the italicized words and the omission of those in brackets: 

1. These methods are intended to apply to porcelain [which is to be] and othe 
vitrified ceramic materials used [for| in the manufacture of electrical insulating [purposes 
parts. 

Omit the last two sentences of the Note to this section which read as 
follows: 

It is believed that this difference is due to the fact that the glaze may not “fit” 
the porcelain uniformly and therefore cause stresses to be set up within the porcelain 
body. Mechanical strength tests on unglazed and glazed specimens may therefore 
be of value as giving an indication of the “fit” of the glaze to the porcelain body. 

Sections 5, 9 and 15.—Change Paragraph (a) of these sections to read 
as follows by the omission of the words in brackets: 


_ (a) Not less than five specimens shall be tested [in the normal condition]. 


Change Paragraph (d) of Sections 5 and 15 and Paragraph (e) o 
Section 9 to read as follows by the addition of the italicized words and 
- figures and the omission of those in brackets: 


The tests shall be made at a temperature of about [21] 20 C. ([70] 68 F.). 


Section 21 (c).—Change to read as follows by the omission of the words 
in brackets: 


11934 Supplement to Book of A.S.T.M. Standards, p. 170. 
(406) 
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PROPOSED REVISIONS IN STANDARDS 


(c) Not less than five specimens shall be punctured [in their normal condition] 
at a normal room temperature of about 20 C. (68 F.). 


Section 34 (a).—Change to read as follows by the addition of the 
italicized words and the omission of the word in brackets: 
34. (a) The specimens shall be dried for 2 hr. in the oven at 120 C. (248 F.) and 


then cooled in a desiccator to the approximate room temperature [and]. Each speci- 
men shall be weighed immediately upon removal from the desiccator. 


S Tentative Revision of Standard Methods of Testing Electrical Insulating Oils 
(A.S.T.M. Designation: D 117 — 33):! 

and The attention of Committee D-9 has been called to the fact that in 

= this method no provision has been made for the measurement of specific 

- gravity or for evaluing the color of an oil. As these tests are used by 

en 


various members, it was felt desirable to include provision for them. Accord- 
ingly, reference is made to standard tests already adopted by the Society 


.M. for such measurements. These standards have been available for some 
time to those dealing with petroleum and lubricating oils and, in the estima- 

on tion of the committee, are satisfactory for insulating oils. The following 

ting revision is accordingly recommended for publication as tentative: 

nges New Sections.—Add the following as new Sections 9 and 10, renumber- 


ing the remaining sections accordingly: 


tion 9. Specific Gravity—The test for specific gravity shall be made in accordance 
with the Standard Method of Test for Gravity of Petroleum and Petroleum Products 
by Means of the Hydrometer (A.S.T.M. Designation: D 287) of the American Society 


se for Testing Materials. 

| 10. Color.—The test to determine color shall be made in accordance with the 
te Tentative Method of Test for Color of Lubricating Oils by Means of A.S.T.M. Union 
' Colorimeter (A.S.T.M. Designation: D 155-34 T) of the American Society for 

Testing Materials. 

“fit” 
selain Revision of Tentative Methods of Testing Varnishes Used for Electrical Insulation 
refore (A.S.T.M. Designation: D 115 - 34 T):? 
dy. The test for non-volatile matter by weight in these methods has been 


read studied with the view of expanding it so that it will be applicable to im- 
pregnating varnishes of the phenolic-resin type. Five laboratories have 
participated in trial tests and have obtained reliable results with the pro- 
posed modified procedure. Accordingly, it is recommended that the 


¢) : present test be replaced by the proposed expanded test appearing below 
Jun and that the methods, as revised, be continued as tentative: 
Test for Non-Volatile Matter by Weight.—Replace the present test in 
Sections 21 and 22 by the following, renumbering the remaining sections 
words accordingly: 


11933 Book of A.S.T.M. Standards, Part II, p. 1087. 
*Proceedings, Am. Soc. Testing Mats., Vol. 34, Part 1, » oe ane; beead 1994 Book of A.S.T.M. Ten- | 
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21. Apparatus.—The apparatus required consists of a chemical balance, a glass 
thermometer having a range of 0 to 150 or 200 C. and accurate within 1 C., a con- 
stant-temperature oven of uniform temperature, a stoppered bottle and flat bottom 
metal drying dishes. Each metal drying dish shall have an inside diameter of 
approximately 23 in. (7 cm.) and a depth of approximately 7%, in. (8 mm.). 

Note.—A standard single-friction tin can cover having a diameter of 2} i1 
is suitable for use as a drying dish. 

22. Test Specimen.—The specimen shall consist of approximately 1.5 g. (1.35 g 
to 1.65 g.) of the sample of varnish taken from the shipment. 

23. Procedure: (a) Preparing the Specimens.—A portion of the sample of varnish 
shall be placed in a stoppered bottle or weighing pipette and weighed. Approximately 
1.5 g. (1.35 g. to 1.65 g.) shall be transferred from the weighed stoppered bottle to a 
weighed drying dish which has previously been heated for 30 min. at 135 C. and 
cooled in a desiccator. ‘The stoppered bottle with the remaining contents shall be 
weighed again. ‘The exact weight of the specimen transferred to the drying dish 
shall be determined by difference. A total of three specimens shall be prepared from 
the contents of the stoppered bottle. 

(b) Drying the Specimens.—The specimens shall be placed in the constant tem- 
perature oven within 30 min. after preparation. ‘The specimens shall be heated for 
a period of 3 hr. at the temperature designated, as follows: 


Impregnating varnishes of the phenolic-resin type....... 132 to 138 C. 
Other types of insulating varnishes.................... 105 to 110 C. 


Note.—In a gravity type of oven which depends upon the natural circulation « 
air for uniformity of temperature, only one shelf must be used for supporting the 
specimens, and the bulb of the thermometer for indicating the temperature shall be 
in close proximity to the specimens. 

(c) Weighing the Dried Specimens.—At the termination of the 3-hr. heating 
period, the specimens shall be removed to a desiccator for cooling to room temperature, 
Each specimen shall be weighed immediately upon removal from the desiccator. 

(d) Calculation.—The ratio of the weight of the dried specimen to the weight of 
the specimen in the original state expressed as a percentage is the percentage of non- 
volatile matter by weight. 

24. Report.—The report shall include the following: 


(a) The type of varnish 
(6) Theoventemperature 
(c) The percentage of non-volatile matter 


Revision of Tentative Methods of Testing Electrical Insulating Materials for 
Power Factor and Dielectric Constant (A.S.T.M. Designation: D 150 - 34 T):' 
Committee D-9 had been requested to suggest a suitable container for 

holding oil samples during the power factor and dielectric constant measure- 

ments. Several designs have been investigated. The cell proposed is one 
already approved by the committee for solid insulating compounds 4s 
noted below. This cell is simple and inexpensive to construct and lends 
itself readily to usual measurements of liquid insulation. It is not suited 
for high precision measurements. Committee D-9 accordingly recommends 


1 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 1029 (1934); also 1934 Book of A.S.T.M. Tent 


tive Standards, p. 871. 
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that the following be added as an Appendix to Methods D 150 and that 
the methods as thus revised be continued as tentative: 


ORDINARY INSULATING OILS 


- CELL FOR POWER FACTOR AND DIELECTRIC CONSTANT MEASUREMENTS OF _ 


A cell that has been found suitable for the purpose of measuring the power factor 
and dielectric constant of oil (and solid filling and treating compounds) is shown in 
Appendix IV of the Tentative Methods of Testing Solid Filling and Treating Com- 
pounds Used for Electrical Insulation (D 176-35 T).!\ The cell is suitable for the 
common types of insulating oils but oils of extra high quality would require that the 
insulation be entirely out of the field. The power factor of insulation in this cell 
shall be of at least the same order as the power factor of the oil to be tested. In 
addition, the insulation must be chosen so that it will not be appreciably affected by 
the oil or cleaning solvents and must not absorb sufficiently to electrically contaminate 


subsequent test samples. 
This cell has the following points of simplicity and efficiency: 
1. Ease of insulating electrodes. 


2. Large area of electrodes in compact form, the outer one of which serves as a 
container. This outer electrode is also exposed directly to the heating 
medium and aids in rapid changes from one temperature to another and 

_ also promotes uniform temperature in the comparatively thin layer of oil 
in contact with it. 

3. Comparative ease in assembling and disassembling the cell and in cleaning. 


Revision of Tentative Methods of Testing Solid Filling and Treating Compounds 

Used for Electrical Insulation (A.S.T.M. Designation: D 176 — 34 T):? 

These methods as written are applicable only to gas-free compounds. 
Since materials containing gas will not be so uniform, high precision is not 
justified. ‘To cover these materials, certain changes and additions to the 
methods are desirable. ‘The added methods are thoroughly qualified by 
being based on standard practice. Committee D-9 accordingly recom- 
mends that Methods D 176 be revised as follows and continued as tentative: 

Section 1.—Add a note to this section to read as follows: 

Note.—Before testing under these methods it may be necessary to degasify 


(a) materials which tend to entrap gases (usually due to high viscosity) and/or (b) ma- 
terials which tend to froth on heating. (See Appendix I.). 


Appendix I.—Add the following as a new Appendix I, renumbering 
the remaining appendixes accordingly: 


> 
APPENDIX I 
_DEGASIFICATION OF SOLID FILLING AND TREATING COMPOUNDS 
Compounds having high viscosity may be degasified by heating in a vacuum 
€n or in a cell fitted with a special cover with vacuum connection similar to the 
ver shown in Fig. A1, Appendix II. 


See p. 1006. 


.,_ Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 965 (1934); also 1934 Book of A.S.T.M. Tenta- 
tive Standards, p. 791. 
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410 Report oF CommitTEE D-9 (APPENDIX) 
In either method the temperature and vacuum should be high enough and the Test 
time long enough to insure the driving off of mechanically entrapped gases, but should 34 T 
tend to decompose the compound as little as possible. A gas-free condition is indicated of th 
when bubbles of gas no longer appear at the surface of the compound. nal 
Specific Gravity.—Add the test for specific gravity appended hereto! a 
as Sections 4 to 6 of these methods, renumbering the remaining sections 
accordingly. 
Coefficient of Expansion—Replace the present test for coefficient of for F 
expansion in Sections 4 and 5 of the methods by the revised procedure Socie 
appended hereto,' renumbering the present Sections 6 to 14 as Sections -. 
9 to 17, and add the three new methods (Method C, Specific Gravity; aa 
Method D, Pycnometer-Contraction; and Method E, Pycnometer-Expan- ink 
sion), also appended hereto! to the methods as Sections 18 to 27, inclusive, men ; 
renumbering the remaining sections accordingly. pecii 
Section 18.—Add to the present Section 18 a new paragraph as Para- Bdito 
graph (c), to read as follows: 
(c) Voltage shall be applied at a value less than 1000 v. and raised at the rate of 
1000 v. per sec. until breakdown occurs. these 
Revision of Tentative Methods of Testing Sheet and Plate Materials Used in 3 
Electrical Insulation (A.S.T.M. Designation: D 229-34 T): 
In accordance with the policy of Committee D-9, a study has been 
made of several existing tentative standards under its jurisdiction with a wai 
view to unifying the method of thickness measurements. Since the com- fled 
mittee prepared the Tentative Method of Test for Thickness of Solid free f 
Electrical Insulation (D 374-34 T) it has been considered desirable to that i 
modify the other methods so that they provide for thickness measurements pos 
in keeping with this tentative method. Committee D-9 accordingly vege 
recommends that Methods D 229 be revised as indicated below and con- Sheet 
tinued as tentative: fed (, 
Sections 10 and 16.—Change Paragraph (b) of these sections to read as When 
follows by the addition of the italicized words: ma 
(b) The thickness and width of each specimen in inches (or centimeters) expressed slene 
to the nearest 0.001 in. insula 


Section 21 (a).—Change to read as follows by the addition of the *5C 
italicized words: 


(a) The dimensions of each specimen in inches (or centimeters) expressed to the 


nearest 0.001 in. and ; 
. tio ‘ 
Resistance to Impact.—There has been found a need for a test for lee 
measuring the resistance to impact. Accordingly, a new section has been , 
prepared providing for this test by referring to the Tentative Methods of . th 
1 The tests for specific gravity and coefficient of — —~ have been incorporated in the revised tentative Rhee 
methods, see pp. 1007, 1008 and 1012, respectively.—Eb. Ip 
* Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 1055 (1934); also 1934 Book of A.S.T.M. Tenta- tive Sta 


tive Standards, p. 893. 
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Testing Electrical Insulating Materials for Resistance to Impact (D 256 - 
34T). Itis felt that these methods will answer the need for measurements 
of this characteristic on sheet and plate electrical insulation. It is accord- 
ingly proposed to add the following as a new Section 22, renumbering the 
remaining sections accordingly: 


22. (a) Resistance to Impact.—Resistance to impact shall be determined in 
accordance with the Tentative Methods of Testing Electrical Insulating Materials 
for Resistance to Impact (A.S.T.M. Designation: D 256-34 T) of the American 
Society for Testing Materials. 

(b) Specimen.—Specimens for the Charpy test may be notched or unnotched, as 
desired, according to conditions of service, and for the Izod test shall be notched. 
Specimens shall be cut both lengthwise and crosswise of the sheet. 

Note.—The unnotched specimen gives a higher strength than the notched speci- 
men and the ratio of the strength of the unnotched specimen to that of the notched 
pecimen varies with different materials. 


Editorial Revision of Tentative Methods of Testing Electrical Insulating Materials 
for Resistance to Impact (A.S.T.M. Designation: D 256 - 34 T):! 


Committee D-9 recommends that the following editorial changes in 
these methods be made immediately: 


Section 4.—Change Paragraph (a) to read as follows by the addition 
of the italicized words and the omission of the words in brackets: 


_& (a) For insulating materials other than ceramic materials, the specimen shall 
iform to the dimensions shown in Fig. 3. The notch, when used, may be milled, 
fled or molded provided the bottom of the resulting notch is smooth, straight and 
e from scratches. For molded material, the thickness of the molded specimen, 
that is, the dimension parallel to the application of the molding pressure and length- 
e of the notch, may be any thickness of } in. or less agreed upon as representative 
the cross-section in which the particular material is to be used. For sheet material, 
the thickness shall be the thickness of the sheet except that it shall not exceed } in. 
i material, when thicker than 4 in. may be tested either edgewise or flatwise, as speci- 
d (Note 1), ‘ond when tested flatwise, the notch shall be made in the original surface. 
When the individual specimen is less than } in. in thickness, the test piece shall be a 
composite specimen consisting of a number of individual thin specimens, aggregating 
as nearly as possible 3 in. in thickness [and]. They shall all [being] be accurately 
aligned with each other [when] and shall be tested edgewise. Specimens of molded 
insulating material shall be conditioned before testing by drying in an oven at 50 C. 
*)C. (122 F. +9 F.) for 48 hr., followed by cooling to room temperature in a desic- 
ator. Tests shall be made at room temperature. 


Notes 1 and 2 following Section 5 are applicable to both Sections 4 
and 5. It is therefore recommended that the present note following Sec- 
tion 4 be deleted and that Notes 1 and 2 of Section 5 be transposed to 
Section 4 and a suitable reference to the notes added in both sections. 

_ Section 5.—Change the sixth sentence of this section to read as follows 
by the addition of the italicized words and the omission of those in brackets: 


& gf roceedings, a=. Soc. Testing Mats., Vol. 34, Part I, p. 995 (1934); also 1934 Book of A.S.T.M. Tenta- 
tive Standards, p. 8 
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When the individual specimen is less than } in. in thickness, the test piece shall mit’ 
be a composite specimen consisting of a number of individual thin specimens aggre- and 
gating as nearly as possible } in. in thickness [and]. They shall all [being] be accurately 
aligned with each other [when] and shall be tested edgewise. 

fi 
Revision of Tentative Methods of Testing Laminated Tubes Used in Electrical 
Insulation (A.S.T.M. Designation: D 348 — 34 T):! - 
For the reasons indicated under Methods D 229 — 34 T, above, Com- Bev 
mittee D-9 recommends that Methods D 348 be revised as indicated below ” 
and continued as tentative: 

Section 4.—Change to read as follows by the addition of the italicized i 
words: 

4. Five specimens shall be tested. The average inside and outside diameters 34° 
determined from at least two measurements 90 deg. apart shall be measured at the groove ae 
lo the nearest 0.001 in. and the cross-section area shall be calculated from these dimen- and 
sions. The metal plugs shall be assembled with the tube as shown in Fig. 1. This rods 
assembly shall then be grasped in the V-notched jaws of the testing machine. of-b 

Section 6.—Change Paragraphs (a), (6) and (c) to read as follows by subs 
the addition of the italicized words: pees 

met 

(a) The average inside diameter of the specimen expressed to the nearest 0.001 in. for 


determined from at least two measurements 90 deg. apart. 
(b) The average outside diameter of the specimen expressed to the nearest 0.001 in. Revi 
determined from at least two measurements 90 deg. apart. 


(c) The average outside diameter of the reduced section expressed to the nearest 
0.001 in., if a groove was used. nd 
a 
Section 10.—Change Paragraphs (a) and (6) to read as follows by the 
addition of the italicized words: secti 
(a) The average inside and outside diameters of the specimen expressed to the mak 
nearest 0.001 in., each determined from at least two measurements 90 deg. apart. 
(b) The average wall thickness of the specimen expressed to the nearest 0.001 in. read 
Section 13.—Change Paragraphs (a) and (b) to read as follows by the of th 
addition of the italicized words: 
(a) The average inside and outside diameters of the specimen. 
(b) The average wall thickness of the specimen. 
Section 17.—Change Paragraphs (a) and (5) to read as follows by the 
addition of the italicized words: 
(a) The inside and outside diameters of the specimen expressed to the neares! 
0.001 in. 
(b) The wall thickness of the specimen expressed to the nearest 0.001 in. 
_ Revision of Tentative Methods of Testing Laminated Round Rods Used in Elec 
trical Insulation (A.S.T.M. Designation: D 349 - 34 T):? ro 
For the reasons indicated under Methods D 229 - 34 T, above, Com- eal 
_ ! Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 1064 (1934); also 1934 Book of A.S.T.M. Tes: al 
tative Standards, p. 831. tive St 
3 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 1051 (1934); also 1934 Book of A.S.T.M. Te “s 


tative Standards, p. 827. : 
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PROPOSED REVISIONS IN STAND 413 
mittee D-9 recommends that Methods D 349 be revised as indicated below 
and continued as tentative: 

Sections 7, 11 and 15.—Change Paragraph (a) of these sections to read 
as follows by the addition of the italicized words: 


(a2) The diameter of the specimen expressed to the nearest 0.001 in., determined 
from at least two measurements 90 deg. apart. 


Revision of Tentative Methods of Testing Flexible Varnished Tubing Used for 

Electrical Insulation (A.S.T.M. Designation: D 350-32 T):! 

A number of changes are being proposed in these methods. The 
micrometer originally specified has been changed to conform to the Tenta- 
tive Methods of Test for Thickness of Solid Electrical Insulation (D 374 - 
34 T). The method of making dielectric strength tests has been revised, 
and a note added cautioning the tester against the use of the standard gage 
rods as inner electrodes. The ignition test has been deleted and the rate- 
of-burning method revised and clarified. The bunsen burner has been 
substituted for the Meker burner. ‘These revisions together with certain 
minor changes of an editorial nature have been incorporated in the revised 
methods appended hereto? which Committee D-9 accordingly recommends 
for publication as tentative. 

Revision of Tentative Methods of Test for Grading Natural Mica (A.S.T.M. Desig- 

nation: D 351 — 33 T):* 

Committee D-9 recommends that these methods be revised as follows 
and continued as tentative: 

Section 3.—The tentative standard A.S.T.M. chart referred to in this 
section as Fig. 1 (Plate I) has been corrected, as attached hereto,‘ so as to 
make the chart areas for grades 2 and 4 correspond to the tabulated areas. 

Section 4.—Change the table appearing in the note to this section to 
read as follows by the addition of the italicized figures and the omission 
of those in brackets: le 

MINIMUM 


: AREA OF RECTANGLE, DIMENSION 
GRADE SQ. IN. oF ONE SIDE 


Extra special 60 to [793] 80 
speci 48 to [593] 60 
36 to [474] 48 

24 to [35%] 36 

15 to [234] 24 

10 to [143] 15 

6 to [93] 10 

3to [53] 6 

24to [23] 3 

1to 23 


' Proceedings, Am. Soc. Testing Mats., Vol. 32, Part I, p. 902 (1932); also 1934 Book of A.S.T.M. Tenta- 

Standards, p. 922. 

p. 1080.—Ep. 

serie Am. Soc. Testing Mats., Vol. 33, Part I, p. 837 (1933); also 1934 Book of A.S.T.M. Tenta- 
ndards, p. 836, 

p. 1035.—Ep. 
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Editorial Revision of Tentative Methods of Testing Pasted Mica Used in Electrical 

Insulation (A.S.T.M. Designation: D 352 - 32 T): 

Committee D-9 recommends that the following editorial changes in 
these methods be made immediately: 

Section 13.—Change to read as follows by the addition of the italicized 
words and the omission of the word in brackets: 

13. The specimen shall be } by } in. by the thickness of mica. [Five] Six speci- 
mens shall be tested. These shall be cut from a given sheet in accordance with the pattern 
shown in Fig. 2. 


New Figure.—Add the accompanying Fig. 1 showing the pattern for 
location of test specimens as Fig. 2 of the tentative methods. _ 


Fig. 1—Pattern for Location of Test Specimens. 


Size of sheet: A = 36in.; B = 24 in. 
Numbered specimens each 3 by 3 in. 


Revision of Tentative Methods of Testing Molding Powders Used in Manufactur- 
ing Molded Electrical Insulators (A.S.T.M. Designation: D 392 - 34 T)? 

_ Further consideration has been given during the year to the powder 
pourability test. This test determines how readily molding powder wil 
feed through the hoppers and deliver uniform weights of material into the 
dies of the tableting machines. Committee D-9 accordingly recommends 
that the following new test be added to these methods as Sections 20 to 
23, inclusive, and the methods continued as tentative: _ oe 


PowpER POURABILITY 


20. Purpose.—The powder pourability test is to determine how readily moldin; 
powders will feed through the hoppers and deliver uniform weights of material int 
the dies of tableting machines by measuring the time of flow of a standard quantity 


_ 1 Proceedings, Am. Soc. Testing Mats., Vol. 32, Part I, p. 911 (1932); also 1934 Book of A.S.T.M. Tenta 
tive Standards, p. 838. 


tive Standards, p. 843. 


2 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 1001 (1934); also 1934 Book of A.S.T.M. Tents 
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through a standard funnel. The test is generally adaptable quantitatively only to 
materials of bulk factor 3.0 or less (see Section 17). 
21. Apparatus.—The apparatus required consists of a funnel mounted as shown 
in Fig. 1, and a stop watch. 
in 22. Procedure.—A sample of the powder, equivalent to 100 times the molded 
specific gravity in grams (see Section 18 (b)) shall be taken. This sample shall be 
worked on a paper until there is no tendency of the material to pack or cake. With 
the apparatus assembled, as shown in Fig. 1, the small end of the funnel shall be 
closed with the hand or with a suitable flat strip of material, and the sample poured 
eci- lightly into the funnel, avoiding any tendency to pack it. The bottom of the funnel 
tern shall then be opened quickly, and the stop watch shall be started at the same instant. 
The powder shall be allowed to run from the funnel as freely as it will and the watch 
shall be stopped at the instant the last grains leave the funnel. 
for Note.—Correct mold charges are those weights which produce the constant 
molded volume of the piece to be molded and shall be so measured. Comparable 
quantities of material for this test are therefore some multiple of the molded specific © 
gravity, 100 being taken as convenient. 


23. Report.—The report shall state the time in seconds required for the funnel 


to discharge or that the material will not run through the funnel, if so found (Note). 
Note.—Molding powders which are not measurable by this test generally do 
not feed well without special feeders. 


Revision of Tentative Specifications for Flexible Varnished Tubing Used in Elec- 

trical Insulation (A.S.T.M. Designation: D 372 — 33 T):! 

These specifications have been available for two years. As a result, 
several changes are being suggested based on experience in the use of the 
specifications. A minor change involves the omission of the test require- 
ment for ignition time for grade C tubing and the revision of the rate-of- 
burning test. The rate-of-burning test applies only to grade C tubing © 
and should be sufficient for distinguishing this grade. Committee D-9 7 


accordingly recommends that the specifications be revised as indicated 
below and continued as tentative: 
Scope.—Add the following note at the end of the scope clause: 
mel Note.—The term “varnished tubing” as used in these specifications refers to 
7 


braided cotton sleeving coated or impregnated and coated with lacquer or a combina- 
tion of lacquer and varnish or other similar coatings. 
co the Section 2.—Change Paragraph (b) to read as follows by the addition 
a of the italicized word and the omission of the words in brackets: 
20 to (b) The cotton sleeving shall be uniformly [coated with varnish] treated, and the 


finished tubing shall be reasonably free from defects such as pimples, blisters, wrinkles, 
a cracks, and similar imperfections. 


Section 4.—In the note following the table of diameters, change the 


solding words ‘‘gage size,” which appear in the third, sixth and ninth lines, to 
al into read “‘diameter.” 
santity Section 6.—Omit the word ‘‘minimum” after the figures specifying 
{. Tents the number of hours of baking. 
“Tae ___ Section 7.—Omit Paragraph (a) which reads as follows: 
Proceedings, Testing Mats., Vol. ‘ol. 33, Part I, p. 815 (1933); also (1934 Book of A.S.T.M. Ten- 
; tative Standards, p. 


5 


— 


7. (a) Tubing furnished under these specifications as grade C non-flammable 
tubing shall show a value of not less than 4 seconds for ignition time and shall cease 
to burn immediately upon removal from the flame. 
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Change Paragraph (b) to read as follows by the addition of the italicized 
words and figures and the omission of those in brackets, renumbering this 
paragraph as Section 7: 

7. Tubing furnished under these specifications as grade C [flame-resistant tubing 


may ignite immediately and, on removal from the flame, the rate of burning shall be 
not less than] shall require at least 45 seconds [per inch of] to burn a length of 2.54 


em. (1 in.). 


Section 10.—Change to read as follows by the omission of the words 
in brackets: 

10. Each package shall be marked with the name or trade mark of the manu- 
facturer, the total number of feet, [and] the size, [number] and color of the tubing. 


Editorial Revision of Tentative Specifications for Black, Bias-Cut, Varnished 
Cloth Tape Used for Electrical Insulation (A.S.T.M. Designation: D 373 - 
34 T): 


_ These specifications have been available for about one year. As a 
result of their use, several minor changes have been suggested. These 
apply to the measurement of average thickness, and a warning concerning 
the method of making the flexibility test. An additional change is being 
made to liberalize the requirements in connection with oil-immersed tape, 
permitting the manufacturer to suggest the packing oil rather than making 
it a matter of specification. Committee D-9 accordingly recommends that 
the following editorial changes in these specifications be made immediately: 

Section 7.—Change the second sentence to read as follows by the omis- 
sion of the words in brackets: 


The average thickness shall be determined from the ten measurements taken on a 
specimen before testing in accordance with Section 15 [the five measurements on 
the specimen before testing in accordance with Section 16, and the other five measure- 
ments on the specimen before testing in accordance with Section 17]. 


Section 11.—Add a second sentence to this section to read as follows: 


Care shall be taken not to bring the finger nails into contact with the tape sur- 
faces while making the crease. 


Section 20.—Change to read as follows by the addition of the italicized 
words and the omission of those in brackets: 


20. Oil-immersed tape shall be supplied in suitable oil-tight cans with easily 
removable lids. The purchaser shall specify the number, width and length of rolls 
[and the type of oil] to be supplied in each can. The type of oil used for packing shall 
be subject to the approval of the purchaser. 


1 Proceedings, - Soc. Testing Mats., Vol. 34, Part I, p. 959 (1934); also 1934 Book of A.S.T.M. Tenta- 
tive Standards, p. 782 
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REPORT OF COMMITTEE D-10 
ON 


SHIPPING CONTAINERS 


Committee D-10 on Shipping Containers held a meeting at New York 
City on December 6, 1934, to consider the activities of the committee 
members since the last meeting in Chicago, June 24, 1931, and to formulate 
adefinite program for active work. 

At this meeting considerable discussion ensued as to the field of work 
oi Committee D-10. It was brought out that the development of specifi- 
cations for shipping containers was undertaken by the committee some 
fifteen or more years ago primarily because there was no other organiza- 
tion in a position to carry on this work, for which there was a very pressing 
need. The specifications as finally written by the committee were in 
the form of requirements for design and construction of containers, this 
being the only basis upon which the committee could proceed at that time. 
Specifications dealing with matters of design and construction lie, in general, 
outside the functions of A.S.T.M. It was the consensus of opinion of 
those present at the meeting that the necessity for the Society to do this 
type of work had largely passed; that the scope of the committee should in 
the future be confined to those functions which were admittedly within the 
field of A.S.T.M. activities, such as methods of testing containers, and 
test methods and specifications for materials to be used in containers when 
0 other standing committee of the Society was preparing such ‘specifications; 
and that the present specifications for shipping containers should be with- 
drawn. 

The committee accordingly recommends that the following four 
tentative specifications under its jurisdiction be withdrawn: 


Tentative Specifications for: 


Wooden Boxes, Nailed and Lock-Corner Construction, for the Shipment of 
Canned Foods (D 44 - 20 T) 


Canned Foods Boxes, Wirebound Construction (D 45 — 17 T) oe 
Wooden Boxes, Nailed and Lock-Corner Construction (D 68 - 22 T) : 
4-One Boxes and Similar Type Boxes (D 118 - 21 T) 

_ This recommendation has been submitted to letter ballot of the com- 
mittee, which consists of 19 members; 19 members returned their ballots, 
whom 15 voted affirmatively, 1 negatively, and 3 marked their ballots 

hot voting.”’ 

(417) 


se 
d 
ng 
be 
54 
ds 
ag. 
ed | 
3 - 
ese 
ng 
ing 
pe, 
ing 
nat 
ly: 
1iS- 
mn a 
on | 
Ss: 
sur- 
zed 
asily 
rolls 
shall 
‘enta- 
d 


418 oF COMMITTEE D-10 


Upon the request of Mr. J. A. Newlin to be relieved of the chairmanship 
of the committee, Mr. Edward Dahill was nominated for his office and unazi- 
mously elected by letter ballot of the committee to fill the unexpired term. 

No plans are being made to hold a meeting of the committee during 
the annual meeting of the Society, but the chairman plans to hold sectional 
meetings in New York City and in Chicago in the very near future to lay 
before the members certain proposals which would change the primary 
objects of Committee D-10. Essentially these proposals are that the com. 
mittee should drop any further work towards preparing specifications 
for containers and devote its time and energy to preparing procedures 
for making tests on the materials and accessories used in the construction 
of containers, the designing or acceptance of apparatus for making thes 
tests, and the procedures to be followed in making tests of the completed 
containers. 


This report has been submitted to letter ballot of the committee, 
- consists of 19 members; 15 members returned their ballots, of 
whom 14 have voted affirmatively and 1 negatively. a 


Respectfully submitted on behalf of the committee, 


_Epwarp 


Chairman. 
7 A. PLASKETT, 
Secretary. 
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REPORT OF COMMITTEE D-11 

mary 

com- RUBBER PRODUCTS | 

itions 

dures Committee D-11 on Rubber Products has held one meeting during the 

ction J year in addition to the one held during the 1934 annual meeting. ‘This 

these was at Philadelphia, Pa., on March 7, 1935, in connection with the Spring 

pleted Group Meetings of A.S.T.M. Committees. Following the custom of the 
past several years, the committee omitted the regular fall meeting. 

During the past year there have been a number of changes in the 
nite, § personnel of the committee. Provision has been made for more adequate 
ts, of f representation on Committee D-11 of the National Electrical Manufac- 

turers Association. To this end, Mr. C. R. Boggs, chairman of N.E.M.A. 
representatives, and Messrs. S. J. Rosch, R. A. Schatzel, E. D. Youmans, 
H. H. Weber, and G. W. Zink have been designated to represent N.E.M.A. 
in place of Mr. W. H. Bassett, Jr. The committee has suffered the loss by 
resignation of two members, Mr. F. M. Waring and Mr. L. C. Peterson. 
New members include Messrs. R. H. Titley, Public Service Electric and 
Gas Co.; W. R. Marsden, Kelly-Springfield Tire Co.; R. W. Chadbourne, 
Edison Electric Illuminating Company of Boston; H. R. Ferguson, The 
Thiokol Corp.; and J. J. Corcoran, Signal Section of the Association of 
American Railroads. K. O. Tooker, The Hoover Co. has been replaced 
by Mr. C. E. Boger, and Messrs. Cranor and Wiegand of the Binney & 
Smith Co. have been replaced by Mr. C. R. Haynes. 

Subsequent to the 1934 annual meeting the committee presented to 
the Society through Committee E-10 on Standards revised Tentative 
Specifications and Tests for Rubber Insulating Tape (D 119-34 T). 
Some revisions were also presented in the Tentative Methods of Test for 
Abrasion Resistance of Rubber Compounds (D 394-34 T), which had 
been adopted at the June meeting, and additional revisions were made in 
the Tentative Specifications for Insulated Wire and Cable: Class AO, 30 
per cent Hevea Rubber Compound, (D 27 - 34 T), and for Insulated Wire 
and Cable: Performance Rubber Compound (D 353-34 T). The revised 
Specifications for Insulating Tape were mentioned in last year’s report of 
the committee and represented the result of extensive studies which had 
been given to the existing specifications with a view toward bringing them 
in agreement with present practice. A number of changes were made 
including addition of materials requirements, change in tensile strength 
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requirements, changes in the fusion test, addition of a thickness require- 
ment, changes in the sampling provisions, and inclusion of a storage guar- 
antee. The changes in the Abrasion Test Methods were deemed necessary 
primarily to clarify the use of the comparison standards specified. The 
additional revisions to the Wire Specifications were made mainly to pro- 
vide for the use of a new table on thickness of insulation and alternating 
test voltage. This table replaced two tables which have been used prac- 
tically without change for more than ten years. As a result of progress in 
the electrical industry the old tables had become obsolete. The new table 
which represents several years’ work on the part of a section of Subcom- 
mittee V on Insulated Wire and Cable was recommended to bring the 
specifications in line with present practice. The above revisions were 
accepted for publication as tentative' by Committee E-10 at a meeting 
held on August 22, 1934, and appear in the 1934 Proceedings.? 

Through Sectional Committee C-59 on Electrical Insulating Materials, 
functioning under the procedure of the American Standards Association, 
the Standard Specifications for Rubber Matting for Use Around Electrical 
Apparatus or Circuits Not Exceeding 3000 Volts to Ground (D 178 - 24) 
were submitted to the A.S.A. and approved as American Standard on 
January 30, 1935. 


RECOMMENDATIONS AFFECTING STANDARDS _ 


I. Proposed Tentative Standards: 


Proposed Tentative Methods of Physical Testing of Rubber Products 
(General Requirements).—For a number of years Committee D-11 has been 
responsible for the Standard Methods of Physical Testing of Rubber Prod- 
ucts (D 15-32). These methods were originally adopted in 1915 and 
covered a few of the methods generally used in testing rubber products. 
During the period since their adoption, the methods have been of great 
service and have been revised from time to time to keep them up to date 
but meanwhile new methods have been developed and have assumed im- 
portance. Some of these have found a place among the Society’s stand- 
ards as separate tentative methods and in many cases have been too com- 
prehensive to be included in the original standard. Furthermore, difficulty 
has been encountered in keeping Methods D 15 sufficiently broad to be 
applicable to all classes of product. Consequently, inconsistencies have 
arisen. It therefore seems advisable to revise the original standard methods 


1In submitting these recommendations to Committee E-10 on Standards, Committee D-11 reported the 
the following results of the letter ballot vote of a total of 22 ballots returned from a committee membership 
of 76; Tentative Specifications for Rubber Insulating Tape (D 119 —34 T), 15 affirmative, 0 negative and 
7 ballots marked “not voting;"’ Tentative Specifications for Insulated Wire and Cable: Class AO, 30 per cent 
Hevea Rubber Compound (D 27-34 T), 16 affirmative, 0 negative and 6 ballots marked _‘“‘not er 
Tentative Specifications for Insulated Wire and Cable: Performance Rubber Compound (D 353-34 1); 
16 affirmative, 0 negative and 6 ballots marked “not voting;"’ Tentative Methods of Test for Abrasion Resist- 
ance of Rubber Compounds (D 394 — 34 T), 18 affirmative, 0 negative and 4 ballots marked ‘‘not voting. . 

2 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, pp. 1145, 1101, 1128, 1150 (1934) ; also 1934 Book 
of A.S.T.M. Tentative Standards, pp. 991, 945, 972, 996. 
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in a comprehensive manner and it is proposed to do this by removing from 
Methods D 15 the portions which refer to particular types of tests, putting 
these in separate tentative methods and to revise Methods D 15 so that 
they will include only test requirements of general applicability. The 
committee has prepared such revisions which it recommends to the Society 
for publication as tentative. It is proposing to withdraw the Standard 
Methods of Physical Testing of Rubber Products (D 15 — 32), replacing 
them with the proposed Tentative Methods of Physical Testing of 
Rubber Products (General Requirements), appended hereto.' In these 
proposed general methods matters relating to facilities for testing, sampling 
and preparation of samples, age and condition of samples, temperature of 
test and retests are given. Specific details of test methods such as are 
used for tension, adhesion and hydrostatic burst tests have been eliminated 
and, with the exception of hydrostatic tests, are recommended in revised 
and rewritten form as separate tentative test methods. In the case of 
hydrostatic burst tests, it is believed that since these are covered in the 
test methods which have been approved for wrapped and braided hose they 
should not be presented elsewhere, especially as they apply in practice 
principally to these products. It is also felt that there is no more justi- 
fication for inclusion of tension and adhesion tests in Methods D 15 
than would be true of methods for testing abrasion resistance, hardness or 
numerous other properties. The committee believes that the proposed 
plan as outlined offers a more satisfactory basis than the present one for 
future development of test standardization. 

Proposed Tentative Methods of Tension Testing of Vulcanized Rubber.— 
These methods include standard procedures for determining stress-strain 
properties, tensile strength, ultimate elongation and permanent set of the 
isual grades of soft vulcanized rubber. ‘They are a revision of material 
heretofore included in the Standard Methods of Physical Testing of Rubber 
Products (D 15-32). In revising them, however, the methods have been 
considerably amplified and brought into conformity with modern practice. 
In agreement with the program discussed above, it is recommended that 
the proposed Tentative Methods of Tension Testing of Vulcanized Rubber, 
s appended hereto,? be accepted for publication as tentative. 

Proposed Tentative Methods of Test for Adhesion of Vulcanized Rubber 
Friction Tests)—These methods of test are suitable for use in measuring 
the strength of adhesion between plies of fabric bonded with rubber or, in 
many cases, the adhesion of the rubber layer in articles made from rubber 
attached to another material. They represent a revision and amplification 
of material formerly included in the Standard Methods of Physical Testing 
of Rubber Products (D 15 — 32). The former standard included detailed 


p. 1153.—Ep. 
*See p. 1159.—Ep. 
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procedure of test for adhesion using only the dead-weight method. The 
proposed new methods include procedures using both the dead-weight 
method and a machine method and cover use of both strip and ring speci- 
mens. In conformity with the program already outlined, the committee 
recommends that the proposed Tentative Methods of Test for Adhesion of 
Vulcanized Rubber, appended hereto,! be accepted for publication as 


tentative. 
IT. Proposed Revision of Standard: - 


Standard Specifications for Cotton Rubber-Lined Fire Hose for Public 
and Private Fire Department Use (D 296 -34).2—The committee recom- 
mends that Section 7 of these specifications be revised by removing the 
requirement that free sulfur shall not be less than 0.5 per cent and sub- 
stituting a requirement that free sulfur shall not exceed 14 per cent. The 
reason for this change is that since adoption of the 0.5 per cent free sulfur 
requirement progress has been made in the manufacture of rubber lining 
for fire hose and the requirement no longer serves any useful purpose. 
Furthermore, the question has been raised that this requirement may 
hamper manufacturers in the production of a rubber compound free from 
any tendency to generate sulfuric acid under certain conditions met with 
in practice. It appears, however, that some restriction on free sulfur is 
necessary and desirable as too high a sulfur content is objectionable. The 
proposed revision has been requested by the Underwriters’ Laboratories of 
the Sectional Committee on Rubber-Lined Fire Hose which functions 
under the procedure of the American Standards Association. The re- 
vision has been approved by all manufacturers subscribing to the Under- 
writers’ Laboratories’ Factory Inspection and Label Service on cotton 
rubber-lined fire hose except one who has given no reasons for not approving 
it. It has also been approved by the Specifications Committee of the 
Rubber Manufacturers Association. Furthermore, it is believed that the 
proposal is more in accord with present-day practice than the former re- 
quirement. The committee recommends that this revision become effective 
immediately and accordingly asks for the necessary nine-tenths vote at 
the annual meeting in order that it may be submitted to letter ballot of 
the Society. 


IIT. Proposed Revision of Tentative Standards: _ _ 


Tentative Specifications for Insulated Wire and Cable: Class AO, 3 
per cent Hevea Rubber Compound (D 27-34 T)38—The committee is re- 
commending a number of technical and editorial changes in these speci 


1 See p. 1173.—Ep. 
2 1934 Supplement to Book of A.S.T.M. Standards, ? 149. 
_ 3 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 1101 (1934); also 1934 Book of A.S.T.M. Te 
tive Standards, p. 945. 
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On RusBBER PrRopvucts 
fications,’ as indicated in the Appendix to this report. The committee has 
carefully reviewed these changes and believes that they will improve the 


tentative specifications by making them more consistent and more definite. 
Important additions are the inclusion of Nos. 18 and 16 wire in Table IV, 


| but insulated for 300 volts only, and a new Section E on Finish, covering 
| the use of saturants, which is to replace the present section. Other changes 


include a requirement on number of test specimens to be used in connection 
with aging tests, specifying the lead for lead sheath cables in conformity 
wih A.S.T.M. specifications, establishment of a limit for thickness of 
cable tape, and the rewriting of the procedure for high voltage testing of 
ingle and multiple conductor cables to make it more precise. A revision 
of the flexible stranding portion of Table I is also recommended. 

Tentative Specifications for Insulated Wire and Cable: Performance 
Rubber Compound (D 353 — 34 T).2—The committee is recommending re- 
visions of these specifications' as indicated in the Appendix. ‘These re- 
visions are intended to correspond with those recommended above in 
Specifications D 27 — 34 T, and will keep the specifications in conformity 
with each other. 

Tentative Specifications and Tests for Friction Tape for General Use for 
Electrical Purposes (D 69-34 T).2—Revisions are being recommended in 
these specifications as indicated in the Appendix to this report. The 
tackiness requirement has been rewritten to avoid possible misunderstanding 
and the description of the micrometer for thickness measurement has been 
changed to conform with that specified elsewhere for use with rubber 
products. ‘The number of specimens to be tested in each case has been 
defined, and the number of thickness and width measurements to be made 
has been stated. Changes have also been made in the rejection provisions 
to permit rejection without testing of material that is not properly marked 

t tagged. 

Tentative Specifications and Tests for Rubber Insulating Tape (D 119 
: T)4—Changes similar to those described above in connection with 
pecifications D 69-34 T are recommended in these specifications, as 
indicated in the Appendix. The committee considers these changes de- 
irable and in the interests of definiteness and precision. 


Withdrawal of Standard: 


_ Standard Methods of Physical Testing of Rubber Products (D 15 — 32).5— 
the committee is recommending the withdrawal of these methods and their 
replacement by the proposed Tentative Methods of Physical Testing of 


Subsequent to the annual meeting Committee D-11 presented to the Society additional! revisions of these 
ative Specifications for Insulated Wire and Cable, see Editorial Note, p. 428.—Eb. a a 
eeetines, Am. Soc. Testing Mats., Vol. 34, Part I, p. 1128 (1934); also 1934 Book of A.S.T.M. Tenta- 

ndards, p. 972. 
stoescedines, Am. Soc. Testing Mats., Vol. 34, Part I, p. 1139 (1934); also 1934 Book of A.S.T.M. Tenta- 

ndards, p. 985. 
‘Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 1145 (1934); also 1934 Book of A.S.T.M. Tenta- 


* standards, p. 991. 
1933 Book of A.S.T.M. Standards, Part II, p. 1154. 
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Rubber Products (General Requirements), as mentioned earlier in this 
report. 


V. Tentative Standard Continued as Tentative: 


Tentative Specifications for Rubber Pump Valves (D 151-31 T).—Th 
committee recommends that these specifications which have been tentatiy: 
for more than three years be continued in that status for the present. 
Adoption of the specifications as standard has been considered but not 
approved because of the use of a hardness test differing from that specified 
in the Standard Method of Test for Hardness of Rubber (D 314 - 34 
Substitution in the specifications of the standard test is being considered, 

The recommendations appearing in this report have been submitted 
to letter ballot of the committee which consists of 83 members; 34 members 
returned their ballots, the results being as follows: 


Items 


I, STANDARDS 


Methods of Physical Testing of Rubber Products (General Requirements) 
Methods of Tension Testing of Vulcanized Rubber..... 
Methods of Test for Adhesion of Vulcanized Rubber (Friction Test) ...... ; 


II. Proposep Revision oF STANDARD 


Specifications for Cotton Rubber-Lined Fire Hose for Public and Private Fire Department Use 
(D 296 - 34), immediate adoption 


III. Revisions or Tentative STANDARDS 
tot 5 for Insulated Wire and Cable: Class AO, 30 per cent Hevea Rubber Compound 
(D 27-34 T 
Specifications for Insulated Wire and Cable: Performance Rubber ( ‘ompound (D 353 - 34 T).. 
Specifications and Tests for Friction Tape for General Use for Electrical denenanen (D 69-34 T). 
Specifications and Tests for Rubber Insulating Tape (D 119 - 34 T) yy : 


IV. WirHpkawat oF STANDARD 
Methods of Physical Testing of Rubber Products (D 15 - 32).. 


ACTIVITIES OF SUBCOMMITTEES 

Subcommittee IT on Belting (C. H. Zieme, chairman).—Since this sub- 
committee has completed its work on preparation of methods of test for 
power transmission belting, it has decided to devote its attention to th 
development of similar test methods applicable to conveyor belting an¢ 
the formation of a new section of the subcommittee to undertake this work 
has been authorized. 

Subcommittee V on Insulated Wire and Cable (C. B. Martin, chairman).— 
In addition to the work of this subcommittee which is presented in the 
form of revisions of the tentative specifications under its jurisdiction 4 
referred to earlier in this report, much progress has been made in the 
separate sections engaged in special studies. Section 1 is giving further 
consideration to the test voltages of Table IV in the wire and cable speci: 
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fcations, following comments which have been received. This section is 
also progressing in its work on specifications for rubber insulation resistant 
to acids, alkalies and oil. Section 2 has completed the preparation of 
methods for corona-resistance testing of rubber insulation. Its report has 
heen approved subject to minor changes that may be necessary in order to 


- ecure agreement with a committee of the Insulated Power Cable Engineers 
‘ § \ssociation which is considering the same subject. Section 3 on Saturants 
not & ind Finishes has completed the preparation of new sections which are 
ined F incduded in the recommended revisions given in the Appendix. It is also 
” working on performance tests for saturants and finishes. Section 4 on 
” 60 per cent Rubber Sheaths has completed a specification covering the 
itted § compound. It is preparing a table on the stranding of the wire and when 
bers § this is agreed upon it is intended to present the specification for separate 
publication. 

Subcommittee IX on Insulating Tape (M. F. Skinker, chairman).—In 

Balls addition to its work in preparing revisions of existing tentative specifications, 
“xa a mentioned earlier in this report, this subcommittee is investigating 


nethods of test for aging qualities of insulating tape. At present, a co- 
perative test program is in progress. 
3 Subcommittee X on Physical Testing of Rubber Products (H. M. Frecker, 
hairman).—The subcommittee has made substantial progress in the work 
woking toward the preparation of a compilation of A.S.T.M. Standard 
Methods of Test for Rubber Products. The plans for publication of such 
volume and a tentative outline have been agreed upon and considerable 
;; “ork has been done in eliminating inconsistencies existing in the present 
: pecifications and test methods. ‘The subcommittee believes that it will 
possible to publish the first edition of this volume during the current 
ir. 
Subcommittee XIV on Abrasion Tests for Rubber Products (G. S. Haslam, 
chairman).—The subcommittee has devoted its attention during the year 
‘0 ways and means of securing better reference standard rubber specimens 


5 sub- ff for abrasion tests. It also appreciates the fact that if such standards can 
st for established they will be suitable not only for abrasion testing but also 
to the reference base in other methods of test. At first it was thought that 
g and Bi materials for preparation of standard rubber compounds for test pur- 
| work ses could be controlled by establishing central depots. This was not 

und practical and attention was then given to the possibility of making 
an) — vailable, through a central laboratory, standard rubber test specimens 
In the ‘aving certified and tested properties. This plan now appears hopeful 
sn  § «nd definite interest has been shown on the part of two laboratories, namely, 
= the Fy. 1, Smithers, Inc., and the National Bureau of Standards. Numerous 
wae" ails involving the procedures and specifications remain to be worked 


it and work is being continued along these lines. 
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Subcommittee XV on Life Tests for Rubber Products (R. A. Schatzel, 
chairman).—Test methods covering the Geer oven test and the oxygen 
bomb test have been completed by this subcommittee and it is expected 
that the methods will be in form to present to the Society for publication 
as tentative through Committee E-10 on Standards during the summer! 
The subcommittee has also decided to prepare a method for testing the 
effect on rubber compounds of air at elevated pressure and temperature, 
This test, which is commonly called the air bomb test, is assuming in- 
creasing importance for service evaluation of rubber compounds designed 
to resist heat and oxidation. It is particularly applicable and widely used 
for such products as inner tubes for truck tire service. The subcommittee | ©”! 
believes that standardization of the method and test conditions is highly |" 
desirable. A section of the subcommittee under the chairmanship of 
Mr. A. W. Carpenter has been organized to study the existing equipment 
and draw up a proposed method. alls 

Subcommittee XVII on Rubber Products for Vibration Absorption (J. J. glyc 


Allen, chairman).—This subcommittee has continued during the year its wenn 
work in studying methods of test for compression set of rubber. The of te 
Society has accepted for publication as tentative the Method of Test for J ‘8 , 
Compression Set of Vulcanized Rubber (D 395 — 34 T) in which the com- - 
pression set is obtained under constant load conditions. Comment has and 
been received by the subcommittee that it is often desirable to measure but 
this property under constant deflection and the subcommittee has decided of tt 
that a standard method of test is needed for use in this case. Sucha ‘i 
method is in preparation and it is hoped that it may be in form to present start 
to the Society for publication through Committee E-10 on Standards we 
during the year. The subcommittee has also continued its work on hard- sphe 
ness testing and, though correlation of different methods and instruments tonie 
has not been considered practical, further work along these lines is in prog- 

ress since the subcommittee recognizes that if at all possible such cor- hi 
relation would be helpful. As new work, the subcommittee believes that = 


attention might well be given to methods for measuring permanent set under 
conditions of shear and also vibration. 

Subcommittee XVIII on Dynamic Fatigue Testing for Rubber Produds 
(W. L. Sturtevant, chairman).—Substantial progress has been made by this 
subcommittee in the preparation of fatigue testing methods for rubber 
compounds. ‘Three methods for testing resistance to flex-cracking of soft 
rubber compounds are being prepared and also one method for testing 
flexing life of rubber used in fabric-rubber combinations such as belts and fe __ 
tire carcasses. The flex-cracking methods may be designated as (1) the 
Du Pont method in which the specimens made into a belt are flexed ovet 
pulleys; (2) the DeMattia or flex-stretching method in which test stmps 
are rapidly and repeatedly elongated until cracking occurs and (3) the 


1 Subsequent to the annual meeting Committee D-11 presented to the Society new Tentative Methods 
Test for Accelerated Aging of Vulcanized Rubber, see Editorial Note, p. 428.—Eb. 
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R. S. L. method in which cracking is induced by rapid controlled bending. 
The method for testing flexing life of rubber fabric combinations uses the 
flexing machine which was studied by the former Subcommittee XVI on 
Flexing ‘Tests and has already been described in the reports of this com- 
mittee. It is hoped that these methods may be completed and agreed upon 
so they may be presented to the Society for publication as tentative through 
Committee E-10 on Standards during the summer.! 

Subcommittee XIX on Tests for Properties of Rubber and Rubber-Like 
Materials in Liquids (O. M. Hayden, chairman).—This subcommittee has 
completed the survey mentioned in last year’s report. Of 159 question- 
naires sent out, 35 laboratories completed and returned the questionnaires, 
and 25 other replies were also received. The replies indicated that the 
chief interest in testing rubber and rubber-like materials in liquids is in 
oils and solvents, although acids, alkalies, anti-freeze compounds, alcohol, 
glycerin, creosote, disinfectants, lacquer thinners, liniments, serums and 
antitoxins were also mentioned. No agreement was indicated as to methods 
of test, either in method of conducting the test or in evaluating and record- 
ing the results, with the exception of the insulated wire industry. All 
agreed that the rate of deterioration is affected by size, shape, thickness 
and grain of samples and by temperature of test and possibly other factors 
but each seemed to have a different method for determining the resistance 
of the rubber. Following consideration of this survey the subcommittee 
decided to investigate the effect of the more important factors and has 
started as its first project the determination of suitable shape and size of 
test specimens for a standard test. Specimens in the form of cubes and 
spheres have been prepared and are being tested i in five cooperating labora- 
tories. 


This report has been submitted to letter ballot of the committee 
which consists of 83 members; 34 members returned their ballots, all of 
whom have voted affirmatively. 


Respectfully submitted on behalf of the committee, 


H. A. DEPEw, 
Chairman. 


ARTHUR W. CARPENTER, 


Secretary. 
f ali to the annual meeting Committee D-11 presented to the Society new Tentative Methods 
of Test for lexing of Rubber Products, see Editorial Note, p. 428.—Eb. 
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EDITORIAL NOTE 


Subsequent to the annual meeting Committee D-11 on Rubber Products pre- 
sented to the Society through Committee E-10 on Standards the following additional 
recommendations: 
Proposed Tentative Methods of: 
Test for Accelerated Aging of Vulcanized Rubber 
Test for Adhesion of Vulcanized Rubber to Metal 
Test for Flexing of Rubber Products 
Proposed Revision of Tentative Specifications for: 
Insulated Wire and Cable: Class AO, 30 per cent Hevea Rubber Compound 
(D 27-35 T) 
Insulated Wire and Cable: Performance Rubber Compound (D 353 - 35 T 
The above recommendations were accepted by Committee E-10 on September 
28, 1935; the new methods and the specifications in their revised form appear re 
spectively on pp. 1167, 1180, 1186, 1115 and 1141. 
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APPENDIX ~e 
= PROPOSED REVISIONS IN TENTATIVE STANDARDS FOR © 
RUBBER PRODUCTS 


In this Appendix are given proposed revisions in certain tentative 
standards covering rubber products which are referred to earlier in this 
report. In connection with each title is given the reference to the pub- 
lication in which the tentative standard appears in its present form. 


und 

Revision of Tentative Specifications for Insulated Wire and Cable: Class AO, 
5 T 30 per cent Hevea Rubber Compound (A.S.T.M. Designation: D 27 - 34 T):! 
nbet Table 1.—Change this table from its present form to read as follows 
rT by the addition of the italicized words and figures and the omission of those 


in brackets: 


TABLE I.—STRANDING OF INSULATED CONDUCTORS. 


(1) For intermediate sizes use stranding for next larger size. 
(2) In assembly column, “37 by 19 rope lay” signifies 37 strands of 19 wires assembled like a rope. 
(3) Flexible stranded Nos. 16 and 18 A.w.g. shall consist of No. 30 A.w.g. wires bunched and bound with a 
oft cotton wind or other material. 
4) Conductors of No. 0000 and smaller are often made solid and this table of stranding should not be 
rpreted as excluding such practice. 


Standard Vlexible Stranding 
Size of Conductors Concentric | __ 
Stranding,® 
Number Number Assembly 
of Wires of Wires 
19 [91] 133 {Concentric] 19 by 7 rope lay 


* The standard concentric stranding in this table agrees with Table XII of Circular No. 31, “Copper Wire and Cables,” 
5. Bureau of Standards; and also Table II of Standard No. 30 “Wires and Cables” of the American Institute of Electrical 
gineers, 


Section 12 (d).—Add the following sentence after the second sentence 
of this section: 


In multiple conductor cables the individual conductors shall not be braid-covered 
unless specified. 


Table IV.—Omit the first sentence, which reads as follows, from 
Note 3 of this table: oo 


For d.c. systems over 2000 volts consult the manufacturer. 


a ' Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 1101 (1934); also 1934 Book of A.S.T.M. Ten- 
‘ative Standards, p. 945. 
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Add the following sentence as Note 5: 

Nore 5.—For non-leaded submarine cables, 3g in. should be added to the speci- 
fied respective walls of insulation in Table IV for all sizes and voltages. 

Add the following italicized figures to the table to be inserted above 
the present data referring to “0 to 600 rated circuit voltage” 


INSULATION, THICKNESS ON 
EACH CONDUCTOR, 


RATED C1rcuIT Size oF CONDUCTOR, SIXTY-FOURTHS OF AN INCH Test VOLTAGE, Kv. 
VOLTAGE A.w.G. NUMBERS GROUNDED UNGROUNDED GROUNDED UNGROUNDED 


0 to 300......+. No. 18 to No. 16 2 2 1 1 


Section 17 (a).—Change from its present form: namely, 


17. (a) The average thickness of the insulation shall be not less than that given 
in Table IV. The minimum thickness shall be within 95 per cent of the prescribed 
thickness for insulations less than gz in. and within 90 per cent of the specified thick- 
ness for insulations from ¢; in. to %¢ in., inclusive. 


to read as follows: 


17. (a) The average thickness of the insulation shall be not less than 95 per cent 
of the thickness specified in Table IV for insulations less than fz in. thick and not 
less than 90 per cent of the specified thickness for insulations of g; in. and over. 


Section 18.—Change to read as follows by the addition of the italicized 
words and figures and the omission of the words in brackets: 


18. Each coil, reel, or length of wire or cable, after vulcanization [and before the 
application of any covering other than tape or braid used in vulcanization] shall 
successfully withstand the application of an alternating voltage of not less than that 
[given] prescribed in Table IV for a period of 5 minutes. (See Sections 46 and 47.) 


New Section 34.—Renumber as a new Section 34 the present Para- 
graph (a) of Section 37, changing the remaining section numbers accordingly. 


New Sections 35 and 36.—Add the following new sections; and number 
as Section 37 the Paragraphs (b) to (f) of the present Section 34: 


35. Sampling for Aging Tests.—For aging tests the wire shall be sampled 
follows: 

No samples shall be selected where the quantity is less than 2000 ft. of wire or 
cable. 

For sizes less than 250,000 cir. mils one sample shall be selected for each quantity 
ordered between 2000 ft. and 50,000 ft. of wire or cable and one additional sample for 
each additional 50,000 ft. thereafter. 

For sizes 250,000 cir. mils and over one sample shall be selected for each quantity 
ordered between 2000 ft. and 25,000 ft. of wire or cable and one additional sample 
for each additional 25,000 ft. thereafter. 

36. Test Specimens.—Nine test specimens of similar size and shape shall | 
prepared from each sample selected in accordance with Paragraph (a), three for t 
determination of the initial or unaged properties, three for the oxygen bomb test at 
three for the Geer oven test. One specimen of each three shall be tested and t 
other two held as spares except that where only one sample is selected all three sp' 
mens shall be tested and the average of the results reported. 
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REVISIONS IN STANDARDS FOR RUBBER PRODUCTS 


Section 46.—Change from its present form: namely, 


46. (a) Immersion in Water.—The outer surface of the insulation of complete 
insulated wires and cables shall be grounded while being electrically tested. If the 
insulation is not provided with a conducting covering, and if the covering is not 


liable to injury by water, the ground shall be obtained by immersing the insulated 
wire or cable in water for at least 12 hours and testing at the end of that period while 
immersed. If the outer covering is susceptible to injury by immersion, the insu- 
lated conductor shall be tested before the application of such covering. 

(b) In the case of multiple-conductor cables, without waterproof over-all jacket 
of insulation, no immersion test shall be made on finished cables, but only on the 
individual conductors before assembling. 


to read as follows: 


49. High Voltage Testing: (a) General——Where insulated conductors are sub- 
ected to a high voltage test in water they shall be immersed in a grounded water 
bath and tested while still immersed. 

(b) Single Conductor.—Single conductors shall be tested after 12-hr. immersion 
and without covering except a tape or braid applied before vulcanization. 

Rubber sheathed conductors shall be immersed and tested after the sheath is 
applied. 

Where a metallic sheath is applied, the conductors shall be retested against the 
sheath. 

(c) Multiple Conductor.—The individual conductors of multiple conductor 
cables shall be tested before assembling as prescribed in Paragraph (0). 

After assembly each conductor shall be tested against the adjacent conductors. 
Where a metallic sheath is applied each conductor shall in addition be tested against 
the sheath. 

Cables having a rubber or other non-metallic waterproof sheath shall be im- 
mersed for 12 hr. and the conductors tested against ground. Cables covered with 
cable tape and braid or double braid with a weather-resistant finish shall not be 
immersed for testing. 


Section 50.—Add the following sentence at the end of this section: _ 
The nominal thickness shall be 0.012 in. and not less than 0.011 in. 


Section 54 (c).—Omit this section which reads the same as the new 
sentence being added to Section 12 (d). 


Section 57.—In the first sentence of the last paragraph change the 
word “pressure” to “weight.” : 


Sections 59 and 60.—Omit these present sections under (£) Finish 
and insert the new Sections 62 to 67, as appended hereto,! renumbering 


the remaining sections accordingly. n 


Section 61.—Change from its present form: namely, _ 


61. Lead sheaths shall consist of commercially pure lead (approximately 99.85 
pet cent) without flaws and tightly formed went the taped core of the cable. 


‘See p. 1136.—Ep. 
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to read as follows: 
62. Lead sheaths shali consist of Grade II Chemical Lead or Grade III Commo; 


Pig Lead (A.S.T.M. Designation: B 29) of the American Society for Testing Materia 
It shall be obtained from properly branded pig lead. 
Lead sheaths shall be tightly formed around the core of the wire or cable. 


Appendix IT..-Omit Paragraph (e) which reads the same as the n 
Note 5 to Table IV and also delete Paragraphs (c) and (d). 


Revision of Tentative Specifications for Insulated Wire and Cable: Performance 
Rubber Compound (A.S.T.M. Designation: D 353 - 34 T):! 

Section 5 (a)..-Change from its present form: namely, 

| 5. (a) The average thickness of the insulation shall be not less than that 

in Table I. The thickness of the insulation at the thinnest part shall be not mor 
than 10 per cent less than the specified thickness, but in no case shall such 10 pe 
cent allowance exceed 0.031 


to read as follows: 

. 5. (a) The average thickness of the insulation shall be not less than that giver 
in Table I. The minimum thickness shall be not less than 95 per cent of the specific 
thickness for insulations less than gg in. and not less than 90 per cent of the specifi 
thickness for insulations of ¢f in. and over. 


Section 6.—Change to read as follows by the addition of the italiciz 

words and figures and the omission of the words in brackets: 

6. Each coil, reel or length of wire or cable after vulcanization [and before t 
application of any covering other than tape used in vulcanization] shall successfu 
withstand the application of an alternating voltage of not less than that giver 
Table I for a period of 5 minutes. (See Sections 30 and 31.) 


Table I.—Make the same changes in this table as are recommended 
Table IV of the Tentative Specifications D 27 — 34 T above. 


New Section.—Add the following as a new Section 18 to appear befor 
the heading “Aging Tests,” renumbering the present sections accordingly 
18. Tensile Strength, Tensile Stress, Set, Elongation Retests—Where tested 
accordance with Sections 14, 15, 16 and 17, if a specimen fails to conform to any 0 
of the requirements for tensile strength, tensile stress, set, or elongation at ruptw 
specified in Section 4, two additional specimens shall be taken from the same samy 
* the average of the results shall determine whether the material conforms tot 
requirements. 


| Section 18.—Renumber as Section 19 and replace Paragraph (a 
new Paragraphs (a) and (b) identical with those recommended in t! 


relettering the present Paragraphs (b) to (g) as (c) to (h). 


_ 1 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 1128 (1934); also 1934 Book of A.S.T.M. 7 
tative Standards, p. 972. 


Lead, not less than 99.85 per cent pure as specified in the Standard Specifications for 


Section 34 of the Tentative Specifications D 27-34 T above 
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Section 29.—Make the same change in this section as is recommended 
in Section 46 of the Tentative Specifications D 27 — 34 T above. 

Appendix I.—Make the same change in this Appendix as is recom- 
mended in Appendix II of the Tentative Specifications D 27 — 34 T above. 
Revision of Tentative Specifications and Tests for Friction Tape for General Use 

for Electrical Purposes (A.S.T.M. Designation: D 69 - 34 T):! 

Section 6 (a).—Change the last sentence to read as follows by the 
addition of the italicized words and the omission of those in brackets: 


Unless otherwise specified one specimen from each sample roll [so chosen] shall 
be tested in accordance with the specifications. 


PROPOSED REVISIONS IN STANDARDS FOR RUBBER PRopucTS 433 


Section 8.—In the first sentence change the phrase “‘in three consecutive 
yards” to read “‘in a specimen of three consecutive yards.” 


Section 10.—In the first sentence insert the word “specimen” after 


the word ‘‘tape.” 


Sections 12 and 13 (a).—Combine these two sections and change to 
read as follows by the addition of the italicized words and figures and the 
omission of those in brackets: 


12. (a) The tape shall show tackiness, that is, ability to stick to itself after light 
contact has been made in the following combinations: (1) front to front, (2) back 
to back, and (3) back to front. [13. (a)] Two 8-in. specimens shall be cut from each 
sample roll, care being taken not to touch the surface to be tested with the hands or 
otherwise. One specimen shall be placed lightly on a clean horizontal surface, then 
the second placed evenly upon the first. No weight or pressure other than the weight 
of the specimen shall be applied to the tapes. The two specimens shall be picked up 
from one end and then stripped slowly from each other starting at the same end. 
Tackiness in at least two of the combinations (1), (2) and (3) specified [in Section 12] 
shall be such that the point of separation remains approximately in the same hori- 
zntal plane as the hands that pull the tape apart. Jn the back to back combination 
the specimens shall show some indication of tackiness by the point of separation traveling 
long the tapes as the hands pull the tape apart. 


Reletter Paragraphs (6) and (c) of Section 13 as Paragraphs (b) and 
(c) of the revised Section 12, and renumber the remaining sections 


accordingly. 


Section 15.—Renumber as Section 14 and change the first sentence 
from its present form: namely, 


_ The dielectric strength shall be determined by placing a tape specimen, which 
all be free from pinholes, between two flat electrodes, } in. in width by 4 in. in 


length and having square edges and rounded ends. i 
© 1S ° 


to read as follows 


_ The dielectric strength shall be determined by placing a specimen approximately 
°in. in length between two flat electrodes 4 in. in width by 4} in. in length. The 
iges shall be square and the ends rounded to }-in. radius cylinders whose axes are 


. | Proceedines, Am. Soc. Testing Mats., Vol. 34, Part I, p. 1139 (1934); also 1934 Book of A.S.T.M. Ten- 


tative Standards, p. 985. 
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parallel to the contact faces of the electrode thus giving an area of contact with the 
surfaces of the tape of exactly } in. in width by 4 in. in length. 


Section 18.—Change from its present form: namely, 


18. Measurement of Thickness—The thickness shall be measured with a mi- 
crometer graduated to 0.001 in., having a circular foot 0.24 to 0.26 in. in diameter, 
and with a weight on the specimen of not less than 8 oz. nor more than 10 oz. Five 
measurements shall be made at random on a length of not less than 3 ft. 


to read as follows: 


17. Measurement of Thickness and Width.—The thickness of the tape shall be 
determined by means of a micrometer graduated to 0.001 in. and having a presser foot 
0.25 in. + 0.01 in. in diameter, exerting a total force of 9 oz. + 0.1 oz. The load 
shall be applied by means of a weight. Five thickness and five width measurements 
shall be made at random in a length of not less than 3 ft. on each sample roll and 
the maximum, minimum and average of these five measurements shall be reported. 


Section 19.—In the first sentence change the word “‘paraffined”’ to 
“paraffin” and add the phrase “‘or its equivalent” after the word “paper.” 
Section 23.—Change from its present form: namely, 


23. If any sample roll fails, two additional rolls shall be taken from the lot it 
represents and shall be tested. If either of these two additional sample rolls fails, 
the lot represented by the rolls shall be rejected. 


to read as follows: 


22. (a) The purchaser reserves the right to reject any part of the shipment that 
does not comply with Sections 18 and 19. 

(b) If the tape fails in any one test of those prescribed in these specifications, 
two additional rolls shall be selected and subjected to that test. If either of these 
two additional rolls fails, the lot represented by the test rolls shall be rejected. 

(c) The manufacturer shall replace the rejected tape and shall pay freight charges 
for the return of such material. 


Revision of Tentative Specifications and Tests for Rubber Insulating Tape (A.S.T.M. 
Designation: D 119-34 T):' 

Section 12 (a).—Change the last sentence to read the same as is recom- 
mended in Section 6 (a) of the Tentative Specifications D 69 — 34 T above. 

Section 16.—Change the first sentence to read the same as is recom- 
mended in Section 15 of the Tentative Specifications D 69 — 34 T above. 

Section 19.—Change to read the same as is recommended in Section 18 
of the Tentative Specifications D 69 — 34 T above. 

Section 22.—Add the following as a new Paragraph (a), relettering 
the remaining paragraphs accordingly: 

22. (a) The purchaser reserves the right to reject any part of the shipment that 
does not comply with Sections 10 and 11. 


In the new Paragraph (b) change the phrase “submitted to that test” 
to read ‘‘subjected to that test.” 


_ 1 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 1145 (1934); also 1934 Book of A.S.T.M. Tes 
tative Standards, p. 991. 
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REPORT OF COMMITTEE D-13 
mi- ON 
hes TEXTILE MATERIALS 


Committee D-13 on Textile Materials has held its two customary 

interim meetings since the 1934 annual meeting of the Society. The fall 

be meeting was held at the Hotel Pennsylvania, New York City, on October 

‘oot 18 and 19, 1934, and the spring meeting at the Biltmore Hotel, Providence, 

oad R. I., on March 14 and 15, 1935. The number of members and guests in 

attendance at these meetings was 63 and 70, respectively. A third meet- 

d. ing will be held in June at Detroit, Mich., in conjunction with the annual 
meeting of the Society. 

The Advisory Committee has approved the following changes in com- 
mittee organization and chairmanships. Mr. R. H. Adams resigned as 
chairman of Section II on Cotton Yarns, of Subcommittee A-1, and Mr. 
t it F. $. Cobb as chairman of Section VIII on Sewing Threads, of Subcom- 
als, mittee A-1. Since there appeared to be little work ahead of Section VIII, 

it was deemed advisable to combine it with Section IT, and to change the 

title of the latter section to “Cotton Yarns and Threads.” Mr. A. C. 
that Clifford was appointed chairman of the combined sections. The scope of 
Section V on Hose, Belt, and Numbered Duck, of Subcommittee A-1, has 
been enlarged as indicated by a change of its title to ‘Heavy Cotton Woven 
Fabrics.”” Subcommittee A-3 on Wool and Its Products was reorganized. 
rges Mr. Werner von Bergen was selected as chairman of Section I on Wool 
in place of Mr. G. E. Hopkins who is serving as chairman of the entire 
subcommittee. Two new sections were added, namely, Section III on 


: Woolen and Worsted Yarns, Mr. Fred Noechel, chairman, and Section IV 
-_ on Woolen and Worsted Fabrics, Mr. A. G. Ashcroft, chairman. Mr. 
mn H. A. Mereness was appointed as chairman of Subcommittee A-7 on Silk. 

mittee B-1, caused by the resignation of Mr. G. B. Haven, was filled by 


The vacancy in the chairmanship of Section III on Humidity, of Subcom- 
the appointment of Mr. R. H. Brown. Mr. A. G. Ashcroft was selected 
as chairman of the newly formed Subcommittee B-5 on Sampling, Presen- 
tation and Interpretation of Data. Mr. W. E. Emley resigned as editor 


ring of specifications and Mr. W. H. Whitcomb and Mr. H. J. Ball were ap- 
pointed to serve as an Editorial Committee to handle all matters relating 


that to the form of standards. It was voted that the Committee on Papers, 
composed of Mr. Dean Harvey, chairman, and Messrs. K. B. Cook and 

est” D. C. Scott, be made a regular subcommittee in the organization of Com- 
mittee D-13. 


bd 
| | 
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The following appointments of members to represent the committee 
on Committee E-1 on Methods of Testing have been made: Mr. W. D. 
Appel to serve on the main committee in place of Mr. W. E. Emley, re- 
signed; Mr. A. G. Ashcroft to serve on Technical Committee [X on Inter- 
pretation and Presentation of Data; and Mr. G. E. Hopkins to serve on 
the newly organized Technical Committee XI on Designation and Interpre- 
tation of Numerical Requirements. Mr. D. E. Douty has been appointed 
by the Executive Committee of the Society as a member of the Advisory 
Committee of Committee E-1. 

Committee E-6 on Papers and Publications has authorized the publi- 
cation annually, instead of triennially as heretofore, of the D-13 volume 
of A.S.T.M. Standards on Textile Materials. It has also assigned a limited 
amount of space in the pamphlet for the publication in full or condensed 
form of some of the papers presented before the committee. It is expected 
that these changes will greatly increase the value of this publication and 
result in a wider circulation of it. ‘The new edition will be issued soon 
after the annual meeting and will contain all of the numerous and impor- 
tant changes that have been made in the standards since June, 1933. 

The present membership of the committee is 162, of whom 72 are 
classified as producers, 46 as consumers, and 44 as general interest members. 


RECOMMENDATIONS AFFECTING STANDARDS 


The recommendations of the committee regarding standards and 
tentative standards under its jurisdiction are summarized below together 
with the analysis of the letter ballot on each item. Comments, where 
necessary, are made under the Activities of Subcommittees. 


I. Proposed Tentative Standards——The committee recommends for 
publication as tentative the following three new methods of test, as appended 
hereto: 

Tentative General Methods of Test for Properties of Cotton Fibers;! 
Tentative Method of Test for Shrinkage in Laundering of Silk and Rayon We 
Broad Goods; 
Tentative Method of Test for Strength of Rayon Woven Fabric When Wet.’ 


IT. Proposed Revisions of Tentative Standards—The committee 
presenting revisions in the following tentative methods and definitions and 
recommends that, as revised, they be continued as tentative: 

Tentative Method of Estimating Hard Scoured Wool in Wool in the Grea 

(D 232 34 T), revised as appended hereto; 

Tentative Specifications for Tolerances and Test Methods for Rayon (D 258- 

32 T), revised as given in Appendix I; 

Tentative Definitions and Terms Relating to Textile Materials (D 123 - 34 T) 
_ revised as given in Appendix I; 

1 See p. 1202.—Ep. 2 See p. 1248.—Ep. 2 See p. 1250 —Ep, ‘See p. 1260 —Ep 
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On TEXTILE MATERIALS 


_ Tentative Methods for the Identification of Fibers in Textiles and for the Quan- 
titative Analysis of Textiles (D 276 — 33 T), revised as given in Appendix I; 
Tentative Specifications for Tolerances and Test Methods for Tubular Sleeving 
and Braids (D 354 - 32 T), revised as given in Appendix I; 
Tentative Specifications for Tolerances and Test Methods for Woolen Yarns 
(D 403 — 34 T), revised as given in Appendix I; and 
Tentative Specifications for Tolerances and Test Methods for Worsted Yarns 
(D 404 — 34 T), revised as given in Appendix I. 


III. Proposed Revisions of Standards——The committee recommends, 
for publication as tentative, revisions of five of its present standards, as 
follows: 

Standard General Methods of Testing Woven Textile Fabrics (D 39-34), 

revisions appended hereto;! 

Standard Specifications for Textile Testing Machines (D 76-33), revised and 

rewritten in improved editorial form as appended hereto ;? 

Standard Specifications for Tolerances and Test Methods for Tire Cord, Woven 

and on Cones (D 179 — 33), revisions appended hereto;? 

Standard Specifications for Tolerances and Test Methods for Hose Ducks and 

Belt Ducks (D 181 - 34), revisions appended hereto;* and 
Standard Specifications for Tolerances and Test Methods for Cotton Sewing 
Threads (D 204 — 33), revisions appended hereto.‘ 


IV. Adoption of Tentative Standards as Standard.—Yhe committee 
recommends that the Tentative Specifications for Holland Cloth (D 376 - 
34 T)® be approved for submission to letter ballot of the Society for adop- 
tion as standard. 


V. Tentative Standards and Revisions Continued.—The committee 
recommends that all other tentative standards and tentative revisions of 
standards under its jurisdiction not specifically referred to under Activities 
of Subcommittees be continued as tentative for another year. 


Subsequent to the 1934 annual meeting, the committee presented to the 
Society through Committee E-10 on Standards the following two new 
tentative specifications, also revisions of two tentative standards and 
tentative revisions of two standard specifications. These were accepted 
for publication® by Committee E-10 at a meeting held on August 22, 1934, 
and appear in the 1934 Proceedings: 


p. 1407.—Ep. 2 See p. 1200.—Ep. See p. 1405.—Eb. 1406.—Ep. 

° Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 1175 (1934); also 1934 Book of A.S.T.M. Tenta- 
e Standards, p. 1038. 

‘In submitting these recommendations to Committee E-10 on Standards, Committee D-13 reported the 
owing results of the letter ballot vote of a total of 31 ballots returned from a committee membership of 157: 
ntative Specifications for Tolerances and Test Methods for Woolen Yarns (D 403 - 34 T), 13 affirmative, 
legative and 18 ballots marked ‘“‘not voting”; Tentative Specifications for Tolerances and Test Methods 
Worsted Yarns (D 404 - 34 T), 14 affirmative, 0 negative and 17 ballots marked ‘‘not voting”; Tentative 

specifications for Asbestos Roving (D 375-34 T), 12 affirmative, 0 negative and 19 ballots marked “not 
ung”; Tentative Method of Estimating Hard Scoured Wool in Wool in the Grease (D 232-34 T), 12 
irmative, 0 negative and 19 ballots marked “not voting”; Standard Specifications for Chafer Tire Fabrics 
he 316-34), 16 affirmative, 0 negative and 15 ballots marked “not voting”; Standard Specifications for 
Asbestos Yarns (D 299 - 33), 12 affirmative, 0 negative and 19 ballots marked ‘‘not voting.” 
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New Tentative Specifications for: 


Tolerances and Test Methods for Woolen Yarns (D 403 - 34 T)! 
Tolerances and Test Methods for Worsted Yarns (D 404 - 34 T)! 


Revised Tentative Standards: _ 


' Specifications for Asbestos Roving (D 375 - 34 T)! 
Method of Estimating Hard Scoured Wool in Wool in the Grease (D 232 - 34 T)! 


Tentative Revisions of: 

Standard Specifications for Chafer Tire Fabrics (D 316 — 34)! 

Standard Specifications for Asbestos Yarns (D 299-33) in the form of new 
Tentative Specifications (D 299 - 34 T).! 


Attention is called to the fact that extensive editorial changes have 
been made in many of the standards in order to bring their titles into 
closer conformity with Society practice, to change the sections on scope 
to agree with the changes in titles, and to include, where pertinent, a 
uniform definition for “tolerance” and for “direction of twist.” 


The recommendations appearing in this report have been submitted to 
letter ballot of the committee, which consists of 162 members; with the 
results shown in the accompanying Table I. 


TABLE I.-ANALYSIS OF LETTER BALLOT VOTE. 
Items Affirm- | Neg- 
ative | ative | “Not 
oting” 


I. Proposep Tentative StanpARDS 
General yr of Test for Properties of Cotton Fibers: 


Method of ‘Test for Shrinkage in Laundering of Silk and Rayon Woven Broad Goods............| 25 0 
Method of Test for Strength of Rayon Woven Fabric When Wet®................-..---5- ; 23 3 

II. Proposen Revisions or Tentative STANDARDS 

Method of Estimating Hard Scoured Wool in Wool in the Grease (D 232-34 T)...........--. 24 0 3 
Specifications for Tolerances and Test Methods for Rayon (D 258 - 32 T)...............5---- 25 1 34 
Definitions and Terms Relating to Textile Materials (D 123 - 34 T)................-. 47 0 1 
Methods for the Identification of Fibers in Textiles and for the Quantitative Analysis of Textiles 

Specifications Ps Tolerances and Test Methods for Tubular Sleeving and Braids (D 354 - 32 T). 18 0 42 
Specifications for Tolerances and Test Methods for Woolen Yarns (D 403 - 34 T). ; 24 0 af 
Specifications for Tolerances and Test Methods for Worsted Yarns (D 404 - 34 T).. Seales 23 1 

III. Proposep Revisions or 
General Methods of Testing Woven Textile Fabrics (D 39 - 35 1 
Specifications for Textile Testing Machines (D 12 
Specifications for Tolerances and Test Methods for Tire Cord, Woven and on Cones (D 179 - 33) 23 1 if 
Specifications for Tolerances and Test Methods for Hose Ducks and Belt Ducks (D 181 - 34). . 25 0 5, 
Specifications for Tolerances and Test Methods for Cotton Sewing Threads (D 204 - 33)........ 32 1 2 
IV. Apoprion or Tentative STANDARD as STANDARD 

Specifications for Holland Cloth (D 376-34 18 l 4l 


® The classified vote on the Tentative Method of Test for Strength of Rayon Woven Fabric When Wet was a8 follows: 
Affirmative: 10 producers, 3 consumers, 10 general interests; negative: 0 producers, 1 consumer, 2 general interests. 


1 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, pp. 1178, 1181, 1169, 1184, 1275, 1172 (1934): 
also 1934 Book of A.S.T.M. Tentative Standards, pp. 1055, 1058, 1032, 1065, 1203, 1035. 
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On TEXTILE MATERIALS 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee A-1 on Cotton and Its Products (K. B. Cook, chairman): 


Section I on Cotton (R. W. Webb, chairman).—This section is present- 
ing proposed Tentative General Methods of Test for Properties of Cotton 
Fibers, as appended hereto, which embody the results of extensive investi- 
gations by the cotton fiber laboratories of the U. S. Bureau of Agricultural 
Economics in the development of methods for measuring certain properties 
of cotton fibers. ‘The methods are divided into four main parts which deal 
respectively with the determination of the length and length distribution, 
fineness, immaturity count, and strength. Illustrations are included to 
show such special apparatus as is required and examples are given of the 
methods of recording, calculating and reporting the data. It is planned 
to encourage familiarity with the new methods by providing opportunities 
for comprehensive check tests on results obtained in different laboratories. 
Effort also will be made to stimulate interest in the work of the section on 
the part of cotton breeders and other agricultural workers in the United 
States, as well as technical workers in the field of home economics who are 
interested in the quality of consumer cotton products as inferred from the 
properties of the. raw stock. 

Section II on Cotton Yarns and Threads (A. C. Clifford, chairman) .— 
This section recommends for publication as tentative a revision, as appended 
hereto,? of the Standard Specifications for Tolerances and Test Methods 
for Cotton Sewing Thread (D 204-33). This revision provides for the 
conditioning of samples before testing by exposure for a suitable length of 
time under standard atmospheric conditions. It improves the standard 
by giving recognition to the important effect of moisture on strength, 
yards per pound, and the calculated total yardage. ‘The section is working 
on the development of a device to measure, conveniently and accurately, 
the total yardage of yarn or thread in a package under a condition of 
uniform and controlled tension. Further progress is reported on the 
compilation of data for the purpose of revising the present trade standards 
of yarn strength. 

Section IIIT on Light and Medium Cotton Woven Fabrics (R. T. Fisher, 
chairman).—This section believes there is no present advantage in retain- 
ing the detailed description of the shrinkage test procedure in the Standard 
Specifications for Tolerances and Test Methods for Certain Light and 
Medium Cotton Fabrics (D 274 — 34),? Sections 8 to 15, inclusive, and 
recommends, as an editorial change, that it be deleted. ‘The procedure is 
given in full in the Standard General Methods of Testing Woven Textile 
Fabrics (D 39 - 34) to which reference is made in the former standard for 


1See p. 1202.—Ep. 
See p. 1406.—Ep. 
* 1934 Supplement to Book of A.S.T.M. Standards, p. 187. 


ave 
nto 
ope 
to 
the 
sllote 
arked 
Not 
oting” 
29 
29 
28 
34 
36 
34 
. 
18 
42 
36 
36 
15 
12 
36 
35 
27 | 
41 
ollows: 


440 REPORT OF COMMITTEE D-13 


all test procedures not otherwise specified. ‘The section plans to see what 
can be done to harmonize the requirements of the Standard Cotton Textile 
Sales Note and Specification ‘‘G,” sponsored by the Cotton Textile Insti- 
tute and other trade organizations, with those contained in the standards 
of Committee D-13. 

Section IV on Tire Fabrics (Martin Castricum, chairman).—This 
section recommends that the Tentative Specifications for Holland Cloth 
(D 376 — 34 T)! be adopted as standard. No further changes in the speci- 
fications are contemplated at present and, in their present form, they 
embody the benefits of all constructive criticisms received since they were 
first issued in 1933 and revised in 1934. The section also recommends 
for publication as tentative a revision, as appended hereto, of the Standard 
Specifications for Tolerances and Test Methods for Tire Cord, Woven 
and on Cones (D 179 — 33), which provides for the use of an empirical dial 
in place of a calibration scale or chart to correct for machine inaccuracies. 
Section IV has continued its study of the accuracy of calibration of hori- 
zontal testing machines by conducting an inter-laboratory check test. 
The test included twenty machines in ten different laboratories and used 
six different sizes of soft annealed copper wire as the standard test material. 
The results show a significant difference in calibration levels and disclose 
a real need for an accurate, convenient and dependable method of calibra- 
tion for such machines. Further study of the problem is to be made, and 
the assistance of Section II on Machines, of Subcommittee B-1 has been 
asked. The section plans a thorough editorial revision of the Standard 
Specifications for Tolerances and Test Methods for Tire Fabrics Other 
than Cord Fabrics (D 122-33), Standard Specifications for Chafer Tire 
Fabrics (D 316-34), and Standard Specifications for Enameling Duck 
for the Tire Industry (D 336 — 33), and will consider their possible combina- 
tion into one standard. 

Section V on Heavy Cotton Woven Fabrics (B. L. Whittier, chairman).— 
This section is presenting for publication as tentative a revision, as appended 
hereto,? of the Standard Specifications for Tolerances and Test Methods 
for Hose Ducks and Belt Ducks (D 181 — 34) for the purpose of clarifying 
the method of determining the width of the fabric and the specified weight 
of a full roll. The section is planning a revision of the Standard Specifica- 
tions for Tolerances for Numbered Cotton Duck (D 230-27) to include 
methods of test for numbered ducks, army ducks and similar heavy fabrics, 
and also changes in the present tolerances. 

Section VI on Narrow Fabrics (F. S. Mapes, chairman).—This section 
recommends a revision, as given in Appendix I, of the Tentative Specifica- 
tions for Tolerances and Test Methods for Tubular Sleeving and Braids 


1 Proceedings, Am. Soe. Testing Mats., Vol. 34, Part I, p. 1175 (1934); also 1934 Book of A.S.T.M. Ten 
tative p. 10. 
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(D 354-32 T), in regard to the determination of the wall thickness. It 
selects the Method B procedure described in the Tentative Methods of 
Test for Thickness of Solid Electrical Insulation (D 374 — 34 T), prepared 
by Committee D-9 on Electrical Insulating Materials. The effect is to 
change the size of the anvil faces, more carefully prescribe the procedure, 
and set up micrometer requirements which were not stipulated heretofore. 
The section again recommends that the Tentative Specifications for Toler- 
ances and Test Methods for Silk and Cotton Tapes (D 259-31 T) be 
continued as tentative to give further time for the consideration of other 
methods of thickness measurement than those now specified. The section 
is planning a revision of and addition to other standards under its jurisdic- 
tion to meet comments and criticisms that have been suggested by the 
Sectional Committee on Electrical Insulating Materials, functioning under 
the procedure of the American Standards Association. If the section finds 
that it will be assured of sufficient interest and support, it will consider the 
preparation of methods of test for typewriter and similar ribbons. 
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Subcommittee A-2 on Rayon and Its Products (A. M. Tenney, chairman) : 


Section I on Rayon (A. M. Tenney, chairman).—This section is recom- 
mending an extensive revision of the Tentative Specifications for Toler- 
ances and Test Methods for Rayon (D 258 — 32 T) in the form as appended 
hereto. Those sections of the methods which deal with identification 
have been completely revised and rewritten in order to keep the methods 
for distinguishing between the types of rayon abreast of new developments 
in laboratory technique. To this end, useful stain tests and microscopic 
examination of cross-sections and lateral surfaces have been added, to- 
gether with an extensive set of new photomicrographs as reference stand- 
ards. In the method of twist determination, fixed values for the tension 
weight for certain ranges of yarn number replace the present stipulation 
of a weight which varies directly with the denier. This is believed to be 
more practical. ‘The section expects to give consideration during the com- 
ing year to a further revision and improvement of these specifications and 
to the subject of performance tests. 

Section II on Rayon Fabrics (Alexis Sommaripa, chairman).—This 
section is proposing for publication, as appended hereto,? a new Tentative 
Method of Test for Strength of Rayon Woven Fabric When. Wet. It sets 
forth a method for determining the dry and the wet strength of a fabric, 
and their correction to a comparable basis. This test was originated to 
supply information as to one of the effects of laundering upon rayon fabrics. 
At a joint meeting with Subcommittee A-7 on Silk, this section approved 
a shrinkage test for silk and rayon broad goods, further reference to which 


ismade under the activities of Subcommittee A-7. At the fall meeting the 


p. 1233.—Ep. 
*See p. 1250.—En. 
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section held a very well attended session at which a paper was presented 
by Mr. D. R. Craig and Mr. P. F. Lazarsfeld reporting the results of an 
extensive study they had made on the acceptance and rejection of rayon 
by eight hundred women consumers of products made from this material. 
Progress is reported upon the development of an unraveling or fraying 
test for rayon fabrics and it is expected that this will be ready for presenta- 
tion in the near future. 


Subcommittee A-3 on Wool and Its Products (G. E. Hopkins, chairman): 


Recommendations regarding standards reported under the following 
sections of this subcommittee have been submitted to the membership of 
the entire subcommittee and have received its approval: 

Section I on Wool (Werner von Bergen, chairman).—This section is 
presenting an extensive revision of the Tentative Method of Estimating 
Hard Scoured Wool in Wool in the Grease (D 232 —- 34 T) in the form as 
appended hereto.!. The extraction method in particular has been revised 
to bring it into closer accord with the Code method and to improve its 
accuracy. As a further measure of the completeness of the scouring opera- 
tion, a requirement for pH value has been added. Equations have also 
been inserted in the method to indicate clearly how the results of an analysis 
shall be calculated on either a dry or a standard regain basis. The section 
is actively engaged in a study of methods of classification of wool fibers 
and hopes to present some recommendations during the coming year.’ 

Section II on Felt (J. F. Marshall, chairman).—The work of this 
section has been concentrated upon the preparation of methods of test for 
felt in order to meet a request from the United States Felt Manufacturers 
Institute for standard test methods. ‘The section reports that a tentative 
standard is nearly ready for presentation. 

Section III on Woolen and Worsted Yarns (Fred Noechel, chairman 
This section is recommending identical revisions of two tentative standards, 
namely, the Tentative Specifications for Tolerances and Test Methods for 
Woolen Yarns (D 403 - 34 T) and the Tentative Specifications for Toler- 
ances and Test Methods for Worsted Yarns (D 404 - 34 T), as indicated 
in Appendix I. The changes in the extraction method and the equations 
which have been added are of the same character and are made for the 
same reasons as stated above under Section I on Wool. For purposes of 
standardization and simplification, the section is eliminating from the 
tentative specifications any reference to the commonly accepted trade 
systems of denoting yarn number, and is recommending the use of the 
Typp system. This is a new plan, based upon the number of thousands of 
yards per pound, which was proposed by Mr. E. D. Fowle in the April 23, 


1 See p. 1260.—Eb. 4 
— Subeognent to the annual meeting Committee D-13 presented to the Society new Tentative Methods 
of Test for 1 ineness of Wool, see Editorial Note, p. 446. —Ep. 
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ted 1932, issue of Textile World. To facilitate conversions from one system 
an to another reference will be made in both specifications to the yarn number 
yon conversion table which appears in Appendix II. The section has under 
ial, consideration further improvements in and amendments to both tentative 
ing specifications." 

\ta- Section IV on Woolen and Worsted Fabrics (A. G. Ashcroft, chairman) .— 


This section has been actively engaged in preparing test methods for pile 
floor coverings! and a tentative standard is nearly ready for presentation. 
The section is developing a wear test procedure for the same type of ma- 


ring terial and is planning to prepare standard test methods for woolen and 
) of worsted fabrics. 

Subcommittee A-4 on Asbestos and Its Textile Products: 
ting Section I on Asbestos Textiles (J. M. Weaver, chairman).—For pur- 
5 as poses of record an explanation is given here of the tentative revision in the 
ised Standard Specifications for Asbestos Yarns (D 299 — 33), which was accepted 
. its in the form of new tentative specifications by Committee E-10 on Stand- 
era- ards as noted above under Recommendations Affecting Standards. Expe- 
also rience in the use of the standard disclosed the need for an addition to the 


ysis definition of asbestos yarn, for a formula for calculating the shrinkage of a 
tion plied yarn due to twisting, and the inclusion of a 22-count yarn in the 
bers yardage table. ‘To meet the full range of present-day demands the number 

of grades was increased and corresponding changes were made in the per- 
this centages of asbestos content. The specifications were made more com- 
+ for plete by adding requirements for tensile strength and the method of its 


vers determination. For the coming year the section is planning important 
tive revisions of the Standard Specifications and Test Methods for Asbestos 


Tape for Electrical Purposes (D 315-33) to include a test method for : 


ins making magnetic iron determinations in asbestos textiles, for the measure- 
ards, ment of electrical resistivity, and specifications for 10-miltape. == 
ad Subcommittee A-7 on Silk (H. A. Mereness, chairman) : 

oler- 


Subcommittee A-7 is presenting for publication, as appended hereto,” 


“ anew Tentative Method of Test for Shrinkage in Laundering of Silk and 
: Rayon Woven Broad Goods. It contains a clearly defined test procedure 
developed for the purpose of supplying the information indicated by the 
es ol tit] 
pa itle, and for use for general technical purposes. ‘The section has nearly 
‘ er completed a test method for the determination of slippage in the above- ; 
+ the mentioned fabrics and expects to present it in the near future. It is also a: 
ds of collaborating with Subcommittee B-4 on Bleaching, Dyeing and Finishing 
123, on the development of a method to determine the dye fastness to washing 


of silk and rayon broad goods. 


Meth beequent to the annual meeting Committee D-13 geomet to the Society revisions of the Tentative 
for Woolen Yarns and Worsted Yarns, and new Tentative Methods of Testing Pile Floor Covering, 


* See p. 1248.--Ep. 
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Subcommittee B-1 on Methods and Machines (W. D. Appel, chairman): 


Section I on Methods (W. D. Appel, chairman).—This section is recom- 
mending a modification of the revision,’ first published as tentative in 1933, 
of the Standard General Methods of Testing Woven Textile Fabrics 
(D 39 — 34), as appended hereto.? Its purpose is to simplify and clarify the 
procedure for the measurement of elongation. The section also recom- 
mends a revision of the Tentative Methods for the Identification of Fibers 
in Textiles and for the Quantitative Analysis of Textiles (D 276 — 33 T) 
as indicated in Appendix I. This revision is largely editorial in its char- 
acter and is for the purpose of clarifying certain sections of the methods. 
The section plans to secure some new and better photomicrographs to 
supplant those now appearing as reference plates in connection with these 
tentative methods. ‘The section reports progress in the thorough review 
and revision it is making of the Standard General Methods of Testing 
Woven Textile Fabrics (D 39 — 34), and expects to have certain changes 
ready to submit during the coming year. It also plans a further study of 
the identification methods referred to above. 

Section IT on Machines (H. J. Ball, chairman).—This section is recom- 
mending for publication as tentative a revision of the Standard Specifica- 
tions for Textile Testing Machines (D 76 — 33) in the form of new tentative 
specifications, as appended hereto,* which are intended to replace the 
present specifications when adopted as standard. Experience has shown 
the need for the changes, the important items of which are the recognition 
of the constant specimen-rate-of-load type of testing machine as an ap- 
proved tester, of the flat grip jaws for individual strand tests, and of a 
tolerance in the speed of the pulling jaw in the pendulum type of machine. 
All reference to alignment pins and to the backlash in the dial pointer has 
been deleted. The section plans to give further consideration to the 
matter of single strand jaws and to calibration methods. A paper was 
presented before the section by Mr. H. G. Romig, on behalf of Subcommittee 
B-5 on Sampling, Presentation and Interpretation of Data, which gave an 
excellent statistical analysis of the data from the inter-laboratory calibra- 
tion check tests on horizontal testing machines referred to above under 
Section IV on Tire Fabrics of Subcommittee A-1. The section is working 
upon specifications for diaphragm bursting testers. 


Subcommittee B-2 on Nomenclature and Definitions (A. L. Brassell, chair- 
man): 


This subcommittee recommends a revision of the Tentative Defwi- 
tions and Terms Relating to Textile Materials (D 123 — 34 T) as indicated 


1 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 1276 (1934); also 1934 Book of A.S.T.M. Tet 
tative Standards, p. 1204. 

2See p. 1407.—Eb. 

p. 1200.—Eb. 
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in Appendix I. ‘The important item is the revision of the definition of 
“direction of twist” by the adoption of the “S” and “Z” notation pro- 
posed by Mr. E. D. Fowle in the August, 1934, issue of Textile World. 
Committee D-13 feels that this action is an important contribution to the 
settlement of that much discussed question as to what is right-hand and 
left-hand twist, and the revision was adopted by a large affirmative vote 
and without a dissenting vote. This new definition will also be inserted, 
as an editorial change, in all the standards of the committee in which 
reference to direction of twist is made, and will either replace the definition 
which formerly appeared there or be added to the standard as new material. 
The section is at work upon the plan to separate the terms in the above- 
mentioned standard into two lists in the manner and for the purposes set 
forth in the 1934 report! of the committee. 


Subcommittee B-4 on Bleaching, Dyeing, and Finishing (W. M. Scott, 
chairman) : 

This subcommittee reports that it is practically ready to present a 
test method for fastness to laundering and domestic washing of (1) dyed 
or printed silk or rayon, and (2) dyed or printed cotton. After a study of 
the results of further comparative check tests, a method for determining 
the amount of sizing and finishing materials in cotton fabrics will be com- 
pleted and presented early in the coming year. Work is in progress upon 
a test for the fastness of dyed fabrics to light. The section plans to revise 
the Tentative Methods of Test for Small Amounts of Copper and Man- 
ganese in Textiles (D 377 — 33 T), and to work upon the development of a 
method for evaluating the detergency of soaps. It reports a temporary 
suspension of its plans for methods for determining the presence of oxycellu- 
lose and hydrocellulose in bleached cotton fabrics, and for testing the 
waterproofness of fabrics. 


Subcommittee B-5 on Sampling, Presentation and Interpretation of Data 
(A. G. Ashcroft, chairman): 


This newly-formed subcommittee has held one formal meeting during 
the year for organization purposes and to discuss plans for its future work. 
Interest in this new phase of activity by Committee D-13 is evidenced by 
the rapid growth of this subcommittee, without particular solicitation, to 
4 present membership of fifteen. ‘The subcommittee reports that its work 
will be primarily promotional and educational rather than the development 
of standards. It plans to develop contacts with other subcommittees and 
sections which may be in need of assistance in the statistical attacks upon 
their own research or test data. It is considering the possibility of the 
compilation of data on the variability of various textile materials with a 


' Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 540 (1934). 
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view to suggesting methods of setting up limits and tolerances more in 
keeping with statistical methods than those in use at present. The sub- 
committee has sponsored two papers presented during the year which 
illustrated the use of statistical methods in connection with testing and 
research. One paper, the title of which is given in full under Subcommittee 
B-6 on Papers, was presented at the fall meeting by Mr. I. J. Saxl of the | 
Waypoyset Manufacturing Co., and discussed by Mr. H. F. Dodge of the 
Bell Telephone Laboratories. The second paper was prepared under the 
direction of Mr. H. F. Dodge and presented by Mr. H. G. Romig, as re- 
ported above under Section II on Machines, of Subcommittee B-1. 


Subcommittee B-6 on Papers (Dean Harvey, chairman): net 


The Subcommittee on Papers, which has functioned for many years, cat 
has this year been formally placed in the organization of Committee D-13 
as indicated above. ‘The subcommittee has arranged for the presentation 
of the following papers at the interim meetings of Committee D-13: 
“Some Observations from a Study of Wool Flannels, Serges and Gabardines,” in 
by Ethel L. Phelps; 
“The Principle of Probability in the Evaluation of Testing Results,” by I. J. 
Saxl; 
“Determination of Twist in Single Wool and Worsted Yarns,” by Fred Noechel; tio 
“The Flat Bundle Test for Tensile Strength of Fibers,” by G. F. Crowley, and sal 
“Positive Control of Stretch in Cotton and Rayon Yarns During Slashing; 
Effects on Weaving and Finishing,” by K. B. Cook. 


This report has been submitted to letter ballot of the committee, which rel 
consists of 162 members; 60 members returned their ballots, all of whom 
have voted affirmatively. 

Respectfully submitted on behalf of the committee ~ 


H. J. BALtt, 
Chairman. 
W. H. WaHrItcoms, 
EDITORIAL NOTE 


Secretary. 


Subsequent to the annual meeting Committee D-13 on Textile Materials pre- 
sented to the Society on August 22, 1935, through Committee E- 10 on Standards 
the following additional recommendations: 10 
Proposed Tentative Methods of: 
Testing Pile Floor Covering 
Test for Fineness of Wool 


Proposed Revision of Tentative Methods of: 
Testing and Tolerances for Woolen Yarns (D 403 - 35 T) te 

Testing and Tolerances for Worsted Yarns (D 404 —- 35 T) 
The above recommendations were accepted by Committee E-10 and the new and 
revised tentative methods appear respectively on pp. 1229, 1256, 1263 and 1268. 
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APPENDIX I 


ttee 

the 

the PROPOSED REVISIONS IN TENTATIVE STANDARDS FOR 

the TEXTILE MATERIALS 
_ In this appendix are given the proposed revisions in certain specifica- 

tions and methods of test referred to in the body of the report. In con- 
nection with each title is given the reference to the publication in which 
“ars, each standard appears in its present form. 
)-13 Revision of Tentative Specifications for Tolerances and Test Methods for Rayon 
tion (A.S.T.M. Designation: D 258 - 32 T):! 

Sections 3 to 6.—Delete the present Identification Methods described 
nes,” in these sections and substitute the procedures appended hereto? as Sec- 
' tions 4 to 9, inclusive, renumbering the present sections accordingly. 

J Section 10.—Renumber this section as Section 3 and change the defini- 
chel: tion of the term “Twist, Direction of” from its present form to read the 
and same as is recommended in the Tentative Definitions D 123 — 34 T above. 
hing; Sections 21 and 22.—Delete these sections which cover an alternate 

method for the determination of size or yarn number, renumbering the 
hich remaining sections accordingly. ch 
hom Section 32.—Change the twist test from its present form: namely, 7 

32. The twist shall be determined on any standard twist tester with jaws set 
10 in. apart. The yarn shall be clamped in the jaws under a definite tension by 
attaching weights. The tension to be used shall approximate a value to be deter- 
ined by the following formula: 
n. 
Tension in grams = a oe 
30 
E ‘xample. —The weight for 150 denier rayon would be = = 5g. 

™ to read as follows: 

lards 26. The twist shall be determined on any standard twist tester with jaws set 
10 in. apart. The yarn shall be clamped in the jaws under a definite tension by 
ttaching a weight. The tension weight to be used shall be as follows: 

10 g. for yarns 75 denier and finer; 

20 g. for yarns from 150 denier to 75 denier, and 

30 g. for yarns coarser than 150 denier. 

Note.—Where yarn is unraveled from cloth for test, it is recommended that the 

tension weight specified be increased by 10 g. in each classification. 
7 and 1 Proceedings, Am. Soc. Testing Mats., Vol. 32, Part I, p. 934 (1932); also 1934 Book of A.S.T.M. Tenta- 


tive Standards, p. 1041. 
p. 1235.—Epb 
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Revision of Tentative Definitions and Terms Relating to Textile Materials (A.S.T.M. 
Designation: D 123 - 34 T):! 


Cordage.—Omit the definition of this term, which reads as follows: 


Cordage.—A term used in a collective sense to include all sizes and varieties of 
twines, cords, ropes and cables of textile materials. 


Kapok.—Onmit the third and fourth words, namely, ‘‘or down,” making 
the first clause read as follows, the balance of the definition remaining as 
at present: “Stuffing fiber composed of single cells 


Twist, Direction of —Change from its present form: namely, 


Twist, Direction of —In the case of yarn or cord held in a horizontal position and 
fixed at the left end, if the twist is taken out by turning to the right, or clockwise, 
when viewed from the right end, it is right twist, and, if the twist is taken out by turn- 
ing to the left, or counter-clockwise, when viewed from the right end, it is left twist; 
that is, the yarn or cord has right twist if, when it is held vertically, the spirals or 
twists are seen to incline upward to the right, and has left twist if the spirals or twrists 
are seen to incline upward to the left. 

Note.—This definition is used by the cotton and wool industries. Due to trade 
custom, the opposite of this definition is used by the sewing thread, silk, and rayon 
industries. 


to read as follows: 


Twist, Direction of —A yarn or cord has “S” twist if, when held in a vertical 
position, the spirals conform in slope to the central portion of the letter “S,” and 
“Z” twist if the spirals conform in slope to the central portion of the letter “Z.” 


Twist Twist 


Revision of Tentative Methods for the Identification of Fibers in Textiles and for 
the Quantitative Analysis of Textiles (A.S.T.M. Designation: D 276 - 33 T)? 


Section 3.—Under Methods for the Quantitative Analysis of Textiles 
change the last sentence of Paragraph (a) to read as follows by the addition 
of the italicized word and the omission of the words in brackets: 

When it is necessary to modify the procedure in order to completely remove 


non-fibrous constituents, the analyst shall make sure that purified samples of the 
fibers under consideration do not lose weight when subjected to the same treatment 


1 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 1186 (1934); also 1934 Book of A.S.T.M. Ter- 
tative Standards, p. 1080. 

2 Proceedings, Am. Soc. Testing Mats., Vol. 33, Part I, p. 931 (1933); also 1934 Book of A.S.T.M. Ten- 
tative Standards, p. 1067. 
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and the]. Ordinarily, samples shall [then] be analyzed according to Paragraphs (b) 
to (d). 


Change the last sentence of Paragraph (c) to read as follows by the 
addition of the italicized words and the omission of those in brackets: 


It shall then be washed [while squeezing] by [alternate] repeated immersion in hot 
jistilled water, squeezing between each immersion. 


Change Paragraph (d) from its present form to read as follows: 


(d) The specimen shall then be immersed in a 3 to 5 per cent aqueous solution 
of a starch and protein-solubilizing enzyme preparation at 122 F. (50 C.). It shall 
be squeezed while immersed, removed and squeezed again, and this procedure repeated 
at least three times. The purpose is to insure thorough wetting of the fibers by the 
enzyme solution. ‘The enzyme solution shall then be maintained at 122 to 140 F. 
30 to 60 C.), or the optimum temperature range for the particular enzyme used, and 
the specimen kept immersed in it for 1 hr. A shorter time is permissible if sizing is 
removed in the shorter time. Fifteen minutes is sufficient for some textiles. ‘The 
pecimen shall then be rinsed twelve times in fresh portions of hot distilled water, 
jueezing after each rinse. ‘Thorough rinsing is necessary in order to remove china 
lay from heavily filled fabrics. The enzyme treatment and rinsing may be carried 

it in a Launder-Ometer or similar device if desired. The rinsed specimen shall then 
edried at 221 to 230 F. (105 to 110 C.) to constant weight. ‘This gives the weight 
lry fiber, weight C. 


Section 5.—Change Paragraph (a) from its present form to read as 
follows: 


5. (2) The fibers constituting the residue from the test for cellulose-acetate 
rayon (Section 4) shall be cut to lengths of about 2to4mm. ‘They shall be agitated 
igorously for 1 hr. in 200 ml. of a clear aqueous solution of calcium thiocyanate of 
pecific gravity 1.20 to 1.21 at a temperature of 158 F. (70 C.) made just acid to 
tmus with acetic acid, and maintained at a.temperature of 158 + 4 F. (70 + 2.2C.). 
tecautions shall be taken to prevent evaporation from the solution with consequent 
neentration of the thiocyanate. The fibers which are not dissolved shall be collected 
na small Buchner funnel, Gooch crucible, or bitumen filter, preferably with the aid 
fsuction. When a good pad of fibers has formed on the filter, the hot mother liquor 
ill be poured through a second time to recover all fibers on the pad. ‘The fibers 
ll then be agitated for 5 min. in a fresh 200-ml. portion of the thiocyanate solution. 
: filtration shall be repeated and the fibers washed with hot distilled water until 
tee from thiocyanate. They shall be dried to constant weight, weight E. 


__ Section 6.—Change Paragraph (a) from its present form to read as 
tollows: 


6. (a) The fibrous residue from the test for silk (Section 5) shall be pulled apart 
Tcutup. It shall be treated in accordance with the procedure in Section 5 except 
‘hat the acid solution of calcium thiocyanate shall be of specific gravity 1.35 to 1.36 


‘a temperature of 158 F. (70 C.). The weight of the dried residue from this treat- 
ment is weight F. 


, Section 7—Change Paragraph (a) from its present form to read as 
lollows : 
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7. (a) The residue from the test for regenerated cellulose rayon (Section 6), 
which contains cotton and wool, shall be immersed for 10 min. in a boiling solution 
of aluminum chloride containing 5 g. of AlCl; (or 9 g. of the hydrated salt AIC\,. 
6H,0) per 100 ml. of water. It shall be removed from the solution and after allowing 
the excess liquid to drain off (the specimen shall not be squeezed), it shall be heated 
in an oven at 221 to 230 F. (105 to 110 C.) until the cotton has become brown in color 
and brittle (usually 2 hr. is sufficient). The specimen shall be placed on a 100-mesh 
screen and rubbed against the screen with sufficient pressure to powder the carbonized 
cellulose and pass it through. The residual fibers (wool) shall be placed in a suitable 
container, preferably a 250-ml. beaker. The material which passed through the 
screen shall be screened again to recover any wool fibers which passed through. The 
wool shall be agitated with about 100 ml. of dilute hydrochloric acid solution (1 part 
by volume of the concentrated laboratory reagent diluted with 9 parts of distilled 
water), collected as a pad (see Section 5 (a)), washed with distilled water until free 
from chlorides, and dried at 221 to 230 F. (105 to 110 C.) to constant weight, weight 6. 


Revision of Tentative Specifications for Tolerances and Test Methods for Tubular 
Sleeving and Braids (A.S.T.M. Designation: D 354 - 32 T):! 


Section 9.—Change to read as follows by the addition of the italicized 
_ words and figures and the omission of those in brackets: 


9. The thickness of the wall shall be determined by inserting a mandrel of the 
nominal inside diameter of the sleeving or braid in the sample and measuring the 
outside diameter [with a hand micrometer having anvil faces 7% to 3 in. in diameter], 
Such measurements shall be made in accordance with Method B of the Tentative Methods 
of Test for Thickness of Solid Electrical Insulation (A.S.T.M. Designation: D 374- 
34 T) of the American Society for Testing Materials. By subtracting the mandrd 
diameter from the [overall measurement] outside diameter and dividing the differen 

~ two, the wall thickness is [secured] determined. 


Revision of Tentative Specifications for Tolerances and Test Methods for Woolen 
Yarns (A.S.T.M. Designation: D 403 - 34 T): 


Section 3.—Add a new Paragraph (c) to read as follows: 


(c) Yarn Number.—The number of a woolen yarn shall be the number of thou- 
_ sands of yards per pound (Typp System).¢ 


*See the Yarn-Number Conversion Table which appears as Appendix II to this report. 


Section 9.—Change from its present form to read as follows: 
9. (a) Free Fat.—Three 10-g. samples (approximate) shall be extracted separately 


in a Soxhlet apparatus for 20 extractions with alcohol-free ethyl ether (Note). 12 
the bottom of the Soxhlet apparatus there shall be lightly placed a thin layer © 
cotton, previously extracted with ethyl ether, as a filter covering the opening of tht 
siphon tube. The ether then shall be evaporated from the extract and the residut 


dried to constant weight at 212 to 221 F. (100 to 105 C.). This residue is free fat. 


Note.—C.p. carbon tetrachloride shall be substituted for ethyl ether for Cod 
work. 

(b) Soap Fat.—The samples from which the free fat has been removed (Pate 

graph (a)) shall be extracted in a Soxhlet apparatus for 12 extractions with neutt 


_ 1 Proceedings, Am. Soc. Testing Mats., Vol. 32, Part I, p. 942 (1932); also 1934 Book of A.S.T.M. Tec 
tative Standards, p. 1049. 

_ * Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 1178 (1934); also 1934 Book of A.S.T.M. Te 
tative Stan » p. 1055. 
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95 per cent alcohol. The alcohol shall then be evaporated from the extract. After 
adding 25 to 30 ml. of 0.1 N HCl this shall be boiled and cooled. The solution shall 
then be shaken with an equal volume of neutral ether and decanted. This shall be 
repeated twice. The three ether extracts shall be combined and washed once by 
shaking with an equal volume of distilled water and then decanted. The ether shall 
then be evaporated from the extract and the residue dried to constant weight at 212 
to 221 F. (100 to 105 C.). This residue is soap fat. 

(c) Weight, Oven-Dry Extracted Wool.—The extracted wool (Paragraph (b)) shall 
be dried to constant weight at 212 to 221 F. (100 to 105 C.). 

(d) Calculations.—The percentage of free fat and of soap fat may be calculated 

nadry or a standard regain basis by the following formulas: 


Free Fat (dry basis), percent = 


oap Fat (dry basis), per cent = WHFS 


F x 100 
100 + standard regain 
100 


. S x 100 
100 + standard regain 
100 


ree Fat (standard regain basis), per cent = 


x (W+ F +S) 


p Fat (standard regain basis), percent = 


x (W+F +S) 
where F = the weight of free fat 
Cia S = the weight of soap fat : 
W = the weight of oven-dry extracted wool 
(e) Three samples shall be tested from each case or beam of yarn. If the three 
determinations do not check, or if the average results fail to conform to the specifica- 


tion requirements, three additional samples shall be tested from the same case or 
beam from which the original samples were taken. 


Revision of Tentative Specifications for Tolerances and Test Methods for Worsted 
Yarns (A.S.T.M. Designation: D 404 - 34 T):! 
Section 3.—Reletter Paragraph (a) as Paragraph (c) and change this 
paragraph from its present form: namely, 
3. (a) Yarn Number.—The size of worsted yarn shall be specified in terms of 
: number of 560-yd. hanks per pound (English System). 


to read as follows, relettering the remaining paragraphs accordingly: 


(c) Yarn Number.—The number of a worsted yarn shall be the number of thou- 
sands of yards per pound (Typp System). 


* See the Yarn-Number Conversion Table which appears as Appendix II to this report. 


Section 9.—Change from its present form to read exactly like the new 
section 9 that is being recommended for inclusion in the Tentative Speci- 
ications D 403 — 34 T, above. 


. ' Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 1181 (1934); also 1934 Book of A.S.T.M. Ten- 
tative Standards, p. 1058. 
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APPENDIX II 
Oo YARN NUMBER CONVERSION TABLE 


Nore.—The column headed “linen” also serves for other bast-fiber yarns and for the woolen cut. 

Pt Rin gh oe 33 d. can be easily obtained by moving the decimal point one place to the left 
r 

The in weight for the following lengths can be easily obtained from the grain weight for 106 

: fa) For 50 yd., by dividing by 2. ee 
(b) For 20 yd., by dividing by 5. 
For 25 yd., by dividing by 4. 
dividing by 8. 
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| if) For 1 yd., by dividing by 100. 3. 
j | j In the metric system 496 yd. per pound is the American equivalent of 1 kilometer per-kilogram. 74 
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«0,525 43 
0.56 4.3 
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left 
Runs, Cotton, jrains Drams Denier Metric, 
rd 1600 840 per per 0.05 g. 496 
yd. yd. yd. yd. | 100 1000 per 450 yd. _. 
per lb. per lb. per Ib. per lb. yd. yd. yd. meters per Ib. ; 
| | 
3.54 6.75 10.13 18.90 45.15 787 11.4 7 7 
3.56 6.79 10.18 19. 44.91 783 11.5 - , 
3.63 6.90 10.36 19.33 44.14 770 11.7 
3.67 10.50 19.60 43.54 759 11.9 
tric 3.75 7.14 10.71 20. 42.67 744 12.1 
36 3.81 25 10.88 20.30 42.04 733 12.3 
d 3.85 33 11. 20.53 41.56 725 12.4 
t Ib 3°88 38 11.07 20.67 41.29 720 12.5 ; 
3.6 40.63 709 13.7 
4 40 698 12.9 ; 
39.75 693 13 
32.65 569 15 : 
32.08 560 16 
32 558 16 
31.60 551 16 
31.53 550 16 
30.48 532 16 
29.49 514 17 
29 .43 513 17 
29.09 507 7 : 
29 .02 506 
28.57 498 
28,44 496 
27 .83 485 
27.70 483 
27.53 480 
26.89 469 19 
26.67 465 19 as 
26.50 462 19 F 
25.85 451 20 
000 25.60 446 20.1 ; 
25.40 443 20.3 
25.10 438 20.6 
24.62 429 21 
24.38 425 21.2 
24.06 420 21.4 
23.70 413 21.8 
9° AA ANQ 99° 
. 
8.25 | 15.71 | 23.57 | 44. 
aes 40 16. 24. 44.80 13 440 6 7 
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YARN NUMBER CONVERSION TABLE (Continued) 
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17.: 
17, 
9.94 18. 53 15 900 16.10 
9.98 19. 15 960 16.04 
10. 19.05 28.57 53.33 16 000 4 16 18. 
10.13 | 19.29 | 28.93 | 5&4. 16 200 4 + 
10.15 19.33 29. 54.13 16 240 4 19 
10,31 19.64 29.46 55. 16 500 4 19. 
10.50 | 20. 30. 56. 16 800 50 4 . 19" 
10.69 | 20.36 | 30.54 | 6&7. 17 100 49 4 19° 
:10.85 | 20.67 | 38. 57.87 | 17360 48 4 19°! 
10,88 20.71 31.07 58. 17 400 48 4 20 
} 11. 20.95 31.43 58.67 17 600 47 3 20 
11.03 21. 31.50 58.80 17 640 47 3 20: 
i | 11.06 | 21.07 | 31.61 | 59. 17 700 47 3 20°. 
11.20 21.33 32. 59.40 17 920 46 3 a. 
14,22 248 21. 
13.99 244 a1" 
13.91 243 a1" 
13.85 242 2° 
| 13.76 240 
13.54 236 22. 
13.45 235 22 
12. 22.86 34.29 64. 19 200 | 3 13.33 233 22 | 
12.07 23. 34.50 64.40 19 320 3 13.25 231 23° 
12.19 23,21 34.82 65. 19 500 3 13.13 229 23 | 
| 12.25 23.33 35. 65.33 | 19600 42 3 13.06 228 23 | 
.| 12,38 23.57 35.36 66. 19 800 42 3 12.93 226 39 23 
12.50 23.81 35.71 66. 67 20 000 42 3 12.80 223 40m 23 '§ 
12.56 23.93 35.89 67. 20 100 41 3 12.74 222 40 “4 
| 12:60 | 24: 36. 67.20 | 20160 | 41 3 12:70 221 | 40.6 -, 
12.75 24.29 36.43 68. 
12.94 24.64 36.96 69. 
12.95 24.67 37. 69.07 
13. 24.76 37.14 69.33 
13.13 25. 37.50 | 70. I 
13.30 25.33 38. 
13.31 25.36 38.04 71. 
13.50 25.71 38.57 72. 
13.65 26. 39. 72.8 
| 13.69 26.07 39.11 73. 
-:13.88 26.43 39.64 74. 
14. 26.67 40. 
14.06 26.79 40.18 75. 
14.18 27. 40.50 75.€ 
14.25 27.14 40.72 76. 
14.35 27.33 a1. 76.5 
= 14.44 27.50 41.25 77. 
14.63 27.86 41.79 78. 
— 14.70 28. 42. 78. 4 || 35 2 28. 
14.81 28.21 42.32 79. 35 2 28.7 
! 4 16. 28.57 42.86 80. 000 35 2 28.5 
| 15.05 28.67 43. 80.27 080 34. 2 29. 
| ; 15.19 28.78 43.18 81. 300 34. 2 29.2 
15,23 29. 43.50 81.20 360 34. 2 29.4 
15.38 29.29 43.93 82. 600 34. 2 29.4 
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6 127 
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9 124 72.8 
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3 121 74.5 
8 120 75 
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33 115 77.9 
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16 113 79.8 
10 112 80.6 
35 111 81.3 
27 109 82.2 
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18 108 83.5 
15 107 83.9 . 
10 106 84.7 
105 85.8 
98 104 86.4 
93 103 87.1 
36 102 88.1 
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-92 87. 159.60 34 93 96.5 . 
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YARN NUMBER CONVERSION TABLE (Continued) 
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REPORT OF COMMITTEE D-14 
ON 
SCREEN WIRE CLOTH 


The principal activity of Committee D-14 on Screen Wire Cloth since 
submission of its last annual report in 1930 has been the exposure test 
program of Subcommittee IV on Testing of Screen Wire Cloth under the 
chairmanship of G. Willard Quick. A paper giving the results of the 
exposure tests to date has been prepared by Mr. Quick. This paper which 
is appended hereto reports the conclusion of this test program. 

The resignation of R. W. Woodward as chairman of Committee D-14 
was accepted at the meeting held during the annual meeting of the Society 
at Atlantic City, N. J., in June, 1934. A chairman was elected at this 
meeting but was unfortunately unable to accept due to pressure of other 
work. Because of the rather special character of the work of the committee, 
tis proving to be rather difficult to secure someone for this important office. 

The secretary of the committee, Mr. W. H. Bassett, died on July 21, 
1934. In the absence of a chairman and a secretary, Mr. John R. Freeman, 
Jt, was appointed by the Executive Committee of the Society as Secretary 
ro tem pending election of a chairman and a secretary. 
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This report has been submitted to letter ballot of the committee, which 
‘onsists of 14 members; 10 members returned their ballots, of whom 9 
tave voted affirmatively and none negatively. 


Respectfully submitted on behalf of the committee, _ 


Joun R. FREEMAN, JR., 
Secretary pro tem. 
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APPENDIX 


ATMOSPHERIC EXPOSURE TESTS ON NON-FERROUS SCREEN WIRE 
CLOTH! 


a By G. W. Quick? 


INTRODUCTION 

In June, 1924, a program of atmospheric exposure tests on seven compositions 
of non-ferrous screen wire cloth was formulated by Committee D-14, the materials 
being furnished by members of the committee. Chemical analyses and certain 
laboratory tests were conducted at the direction of Subcommittee IV on Testing 
of Screen Wire Cloth, under the chairmanship of the author of this report, who repre- 
sented the National Bureau of Standards on the committee. The exposure racks 
were placed on Government property as follows: (1) U. S. Bureau of Mines, Pitts- 
burgh, Pa., (2) Lighthouse Depot, Portsmouth, Va., (3) Cristobal, Canal Zone, and 
(4) The National Bureau of Standards, Washington, D.C. The National Bureau of 
Standards arranged for the inspection and periodical reports of the condition of the 
exposed specimens. Previous reports of the committee have given details of the 
tests and information on the condition of the test specimens.* 

This report is a summary of the essential details and results of the exposure 
tests at the four locations over a period of approximately 9 yr. 

During the summer of 1934 the necessity arose of removing the specimens at 
Portsmouth, Va., because the building on which they were located was to be razed. 
No other location was available in the immediate vicinity and since failure had already 
occurred in most of the materials at Pittsburgh and several failures had been reported 
at Cristobal, although none had occurred at Washington, it was believed that more 
useful information would be obtained from an examination, at this time, of the remain- 
ing specimens than to prolong the tests until all materials had failed. ‘Therefore, it 
was decided to terminate the tests at the first three locations. As no failures had 
occurred at Washington and extra materials which had been exposed for approximately 
the same length of time were available for examination it was decided to continue 
the exposure of the framed materials at that location. 


_ MATERIALS AND PREPARATION OF SPECIMENS 


Seven non-ferrous materials in the form of 16-mesh insect-screen cloth wove! 
from wire 0.0113 in. in diameter were used. Their nominal compositions and t 
compositions determined by analysis of samples of the finished cloth are given ™ 
Table I. 

Of the seven compositions, unalloyed copper and the 90 copper — 10 zinc allo 
which correspond to Class A and Class B material, respectively, of the Society 
Standard Specifications for Non-Ferrous Insect Screen Cloth (B 50 — 29),* were com 
mercially available at the time the program was started and have continued to b 


1 Published by permission of the Director of the National Bureau of Standards of the U. S. Depat 
of Commerce. 

2 Associate Metallurgist, National Bureau of Standards, Washington, D. C. 

* Proceedings, Am. Soc. Testing Mats., Vol. 25, Part I, p. 384 (1925); Vol. 26, Part I, p. 492 (1926); ° 
27, Part I, p. 562 (1920) Vol. 30, Part I, p. 864 (1930). 

41933 Book of A.S.T.M. Standards, Part I, p. 725. 
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since. ‘The other alloys were not on the market at the time but were included in the 
tests on the recommendation of various members of the committee. 

Each material was mounted in three types of frames: (1) 30 by 36-in. copper 
frames; (2) 30 by 36-in. wood frames; and (3) 12 by 12-in. (inside dimensions) wood 
frames. ‘The cloth was mounted in the two larger frames by the Cincinnati Fly 
Screen Co. in the presence of the author. The cloth in the small frames was mounted 
with very little tension in the screen at the National Bureau of Standards. The 
three types of frames were shown in the committee’s report for 1925.1 The frames 
were numbered for identification to correspond to the alloy numbers (Table I): the 
30 by 36-in. wood frames were numbered 1 to 7; the 30 by 36-in. copper frames were 
numbered 11 to 17; and the 12 by 12-in. wood frames, 21 to 27. The wood frames 
were painted several times during the exposure period with basic carbonate white 
lead paint. ‘The copper frames were not painted. 


TaBLE I.—COMPOSITION OF MATERIALS USED IN Exposure TESTS OF SCREEN 
CLOTH. 


n.d. = not detected. 


Desig- Composition Determined by Analysis, per cent® 
nation Nominal Composition, 
of per cent 
Alloy Copper | Zine Nickel Tin Iron Lead Man- Sili- | Alumi- 
ganese con num 
less than 
No.1.......] 90 copper, 10 zinc..... 90.7 9.05" | nd. 0.23 0.02 n.d. 
less than 
No. 2.......| 80 copper, 20 zinc.... 80.1 19.88 n.d. 0.02 n.d, 
No.3.......1 75 copper, 20 nickel, 
73.9 5.4 19.8 0.3 0.5 0.06 
No.4.......1 70 nickel, 30 
(approx.).. 26.5 68.3 2.4 2.7 
ess than 
No. 6....... Unalloyed copper. ..... 99.94 n.d. n.d. 0.01 n.d, 
. less than 
No. 6.......] 98 copper, 2 tin.. 98.3 n.d. n.d. 1.8 0.01 n.d. glee n.d. aie 
No.7.......| 95 copper, 5 aluminum .| 95.2 n.d. n.d. 0.08 n.d. 4.8 


e ; Made by the Chemistry Division of the National Bureau of Standards. 
> By difference. 


The four test locations were selected to represent different atmospheric conditions, 
as follows: (1) The Bureau of Mines at Pittsburgh, a “heavy” industrial atmosphere; 
2) The Lighthouse Depot at Portsmouth, Va., a temperate seacoast atmosphere 
with some industrial contamination; (3) Cristobal, a tropical seacoast with some 
industrial contamination; and (4) The National Bureau of Standards, Washington, 
anormal inland atmosphere. 

Specimens of each material (unframed) were exposed in Washington, adjacent 
'o the corresponding framed specimen, approximately 1 yr. after the start of the 

xposure tests. Tension tests were made on specimens clipped from this material 
tom time to time to demonstrate the changes in tensile strength on exposure. Results 
f these tests over a period of about 3} yr. were given in the appendix to the 1930 
report of Committee D-14. Through the cooperation of several Government lab- 
oratories, daily determinations of the sulfur dioxide content of the atmosphere over 
4 period ‘of one year were made at or near each of the four exposure stations. The 
results were also published in the appendix to the report in 1930 along with the results 

inspections of the screen specimens at the four stations up to that date. 


‘ 4 a i925) = Committee D-14 on Screen Wire Cloth, Proceedings, Am. Soc. Testing Mats., Vol. 25, Part I, 
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TABLE I[.—-CONDITION OF SCREEN-WIRE MATERIALS AFTER EXPOSURE AT PITTSBURGH 
Pa., FROM OCTOBER 29, 1925, TO JULY 10, 1934. 


Material 


No. 1—90 copper, 
aims...... 


No. 2—80 copper, 


| 


Frame 


30 by 36 in., 


30 by 36 in. 


12 by 12 in. 


30 by 36 in. 


30 by 36 in. 


wood 


copper 


, wood 


, wood 


, copper} 


Time Exposed 
Until First 


7 yr., 6 mo. 


7 yr., 6 mo. 


6 yr., 5 mo. 


6 yr., 4 mo. 


Appearance at End of Test 


Uniform dark color. A few wires 


corroded through near the top 


A few wires enlarged from cor. 


rosion products. 


Uniform dark color; holes at top 
Over half of cloth 


and edge. 

torn out by a slate in storm. 
Uniform dark color; a few wire 

corroded through near the top 


Very brittle; most of the clot! 
entirely gone. Dark color. 
Dark color; heavy  corrosior 


products on some areas; other 


areas, the wires are thin, man 
holes; brittle. 


12 by 12 in., wood | 6 yr., 10 mo.| Dark color; number of hole 
brittle. 
(| 30 by 36in., wood | 6 yr., 11 Dark color; badly corroded, 
No. 3—75 copper, several holes. 
20 nickel, 5 zinc ; | 30 by 36 in., copper| 7 yr., 3 mo. | Dark color; badly corroded, 
several holes. 
12 by 12 in., wood | 8 yr., 2 mo. | Dark color; badly corroded, t 
holes near top. 
30 by 36 in., wood |-4 yr., 8 mo. | Dark color; badly corrode 
No. 4—70 nickel, most of the cloth gone. 
30 copper (ap- 4 | 30 by 36 in., copper! 4 yr., 8 mo. | Dark color; badly  corrod 
most of the cloth gone. 
12 by 12 in., wood | 4 yr. Dark color; badly corroded, 
siderable cloth gone near toy 
30 by 36 Dark color; considerable 
Pree sion; wires thin near top 
No. 5—Copper, } 30 by 36 in., copper] 7 yr., 6 mo. | Dark color; considerable cort 
unalloyed...... sion; wires thin with number 
of holes near thetop. — 
12 by 12 in., wood | .......... Considerable corrosion; no ht 
a 30 by 36 in., wood | 7 yr., 9 mo. | Dark color; a number of s! 
No. 6—98 copper, holes near the top. 
RE ieie 4 | 30 by 36 in., copper} 7 yr., 10 mo.| Dark color; a number of 
holes near the top. 
12 by 12 in., wood | 7 yr., 6 mo. | Dark color; a number of st 
vt holes near the top. 
: 30 by 36 in., wood | 5 yr., 7 mo. | Entirely failed; most of the clot 
No. 7—95 copper, corroded away. 
5 aluminum. .../ | 30 by 36 in., copper| 5 yr., 7 mo. | Entirely failed; most of the clot 
| corroded away. 
|| 12 by 12 in., wood | 4 yr., 10 mo.| Entirely failed; most of the clo 
corroded away. 


5— 


Failure nater! 
xpost 
(| yr, 6 mo. | 
10 
| 
| | 
| 20 zi: 
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RESULTS oF ATMOSPHERIC ExposurRE TESTS 


_ Failure in the exposed screen cloth was considered to have occurred when there 
was a break in the wire in at least one place as a result of corrosion. The first failures 
ocurred at Portsmouth in the 80 copper — 20 zinc material (No. 2) in the 30 by 36-in. 
wood frame from dezincification after 4 yr. exposure. The 70 nickel — 30 copper 
material in the 12 by 12-in. frame (No. 24) failed at Pittsburgh after 4 yr. 
exposure. The 30 by 36-in. wood frame (No. 6), which contained the 98 copper - 
wits @ )tin material, came apart and had to be removed although the wires were still in excel- 


TaBLE III.—CONDITION OF SCREEN-WIRE MATERIALS AFTER EXPOSURE AT PORTSMOUTH, 


t toy VaA., FROM OCTOBER 28, 1925, TO May 1, 1934. 
( lo I 
m. Time Exposed 
wir Material Frame Until First Appearance at End of Test 
Failure 
No. 1-90 copper, { | 30 by 36 in., wood | .......... Dark color; no holes. 
7 10 ginc.... 7” : | 30 by 36 in., copper} .......... Dark color; no holes. 
ae 12 by 12 in., wood | .......... Dark color; no holes. - 
_— 30 by 36 in., wood | 4 yr. Entirely failed; most of the cloth 
2—80 copper, gone; very brittle. 
" zinc........%4| 30 by 36 in., copper} 4 yr., 2 mo. | Failed from dezincification; dark 
color. 
12 by 12 in., wood | 4 yr., 6 mo. | Failed from dezincification; dark 
roded color. 
, 3—75 copper, { | 30 by 36 in., wood | .......... Material lost in storm. 
roded, 20 nickel, r god 30 by 36 in., copper} .......... Dark color; no holes. 
4—70 nickel, 30 by 36in., wood | .......... Dark color; no holes. 
wold _— (ap- ; | 30 by 36 in., copper) .......... Dark color; no holes. 
rroded, 5—Copper, 30 by 36 im., Wood | Dark color; no holes. 
d, con- alloyed...... 30 by 36 in., copper, .......... Dark color; no holes. 
cone 30 by 36 im., wood | .......... Frame failed after 4 years’ ex- 
posure. Cloth in good con- 
pper, dition. 
— =. 30 by 36 in., copper| .......... Dark color; no holes. 
12? 12 Weed cs. Dark color; no holes. 
> holes. 195 copper, 30 by 36 in., wood | .......... Dark color; no holes. 
all : 30 by 36 in., copper] .......... Material lost in storm. 
uminum . 12 by 12 m., wood .......... Dark color; no: holes. 
of smal 
ondition. These failures were reported together with photographs of the failed 
mens in the 1930 report. Since that time at least one failure has occurred in 
he clots | of the materials exposed at Pittsburgh. At Cristobal, the 80 copper — 20 zinc 
he cloth terial (No. 2) failed in both the copper and wood 30 by 36-in. frames. The 12 
| 12-in. wood frames at Cristobal were destroyed in some unknown manner after 
he clot) @ * yr. exposure. The occurrence of failures and condition of the materials at the 
nation of the exposure period at Pittsburgh, Portsmouth, and Cristobal are 7 
a marized in Tables II, III and IV. All of the specimens exposed at Washington 


n good condition. 


| 
; 
| | 
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TABLE IV.—CONDITION OF MATERIALS AFTER EXPOSURE AT CRISTOBAL, CANAL Zong 
FROM NOVEMBER 16, 1925, TO JANUARY 19, 1935. 


Material 


No. 1—90 copper, | 
10 zinc 


( 


No. 2—80 copper, | 


No. 3—75 copper, | 
20 nickel, 5 zinc 4 


No. 4—70 nickel, { 
30 copper (ap: 


No. 5—Copper 
(unalloyed).... | 


No. 6—98 copper, 
2 tin 1 


No. 7—95 copper, 
5 aluminum.... | 


Frame* 


Time Ex d 
Until First 
Failure 


30 by 36 in., wood 
30 by 36 in., copper 
30 by 36 in., wood 
30 by 36 in., copper 


30 by 36 in., wood 
30 by 36 in., copper 
30 by 36 in., wood 


30 by 36 in., copper 


30 by 36 in., wood 


30 by 36 in., copper 


30 by 36 in., wood 
a 


30 by 36 in., copper 


30 by 36 in., wood 


30 by 36 in., copper 


4 yr., 6 mo. 


About 5 yr. 


Appearance at End of Test 


Uniform dark color. Wires brit- 
tle; one bend to break. 

Uniform dark color. Wires brit. 
tle; one bend to break. 

Considerable green patina on the 
fragments of cloth. 

Considerable green patina on the 
fragments of cloth. 

Dark color with greenish tinge, 
some wires enlarged with cor- 
rosion products. ‘Two or three 
bends to break. 

Dark color with greenish tinge, 
some wires enlarged with cor- 
rosion products. ‘Two or three 
bends to break. Damaged in 
handling. 

Dark color uniformly flecked wit! 
yellow. ‘Tough; more than 12 
bends to break wires. 

Dark color uniformly flecked wit! 
yellow. Tough; more than 1? 
bends to break wires. 

Uniform dark color with scattered 
spots of brittle bluish-green 
vitreous-like material in a fen 
of the openings. 

Uniform dark color with spots oi 
copper salts deposited sparsely 
over this area. Some spots of 
salts segregated in several lines 
crossing each other at right 
angles. Very brittle at these 
points. Many wires would 
break when salts were picke 
off. 

Uniform dark color with a fe 
spots of salts scattered over t 
specimen, particularly 
one vertical edge. Wires dic 
not break when the salts wer 
picked off. About two bend 
to break the wires. Greer 
tinge. 


“| Uniform dark color with 


spots of salts scattered ove 
specimen, particularly 
one vertical edge. Wir 
not break when the salts wer 
picked off. About two bend 
to break the wires. Green! 
tinge. Torn along the bottot 
edge; probably caused in shit 
ment. 

Uniform dark color with green 
tinge. Brittle; one bend ' 
break wires. 

Uniform dark color with greenis 
tinge. Brittle; one bend 
break wires. ‘Torn along bot 
tom edge; may have 


caused in shipment. 


* All of the 12 by 12-in. specimens destroyed or lost after 4 years’ exposure. 
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Figures 1 to 7 show the appearance of the seven materials after exposure at Pitts- 
burgh. The 12 by 12-in. wood frames are used in these illustrations except for 
material No. 5 which is in the 30 by 36-in. copper frame. This was the only frame 
in which the unalloyed copper had failed. To show more clearly the way corrosion 
had affected materials Nos. 2 (80 copper — 20 zinc), 3 (75 copper — 20 nickel — 5 zinc) 
and 4 (70 nickel - 30 copper, approx.), two small pieces of each are shown in Figs. 8, 
gand 10. In each case one piece was rubbed and bent with the fingers to remove 
the corrosion products and to show the brittleness and fineness of the wires. The 
products of corrosion are also shown in the photographs. A microscopic examination 
of the cross-section of the wires of the several materials exposed at Pittsburgh showed 
that the corrosion penetrated the wires rather uniformly. The cores of the corroded 
wires appeared to be sound metal except in material No. 2 (80 copper — 20 zinc) in 
which the zinc apparently had been removed from the copper, leaving the latter 
porous and brittle. 

At Portsmouth, material No. 2 (80 copper — 20 zinc) failed in each of the three 
frames after 4 to 4} yr. exposure. This failure was described in the 1930 Report. 
The appearance was similar to that of the same material exposed at Pittsburgh (Fig. 8). 
At Cristobal this material also became brittle from dezincification and failed badly 
after 43 to 5 yr. exposure in the 30 by 36-in. wood and copper frames. A photograph 
of the material from the copper frame is shown in Fig. 11. 

Material No. 5 (copper, unalloyed), exposed in the 30 by 36-in. copper frame at 
Cristobal for approximately 9 yr., showed two well-defined narrow bands of corrosion 
products extending across the screen at right angles to one another (Fig. 12), and 
occasional spots of similar corrosion products distributed at random over the entire 
screen. Figure 13 shows a small area from one of the bands of corrosion products at 
higher magnification. When the deposits of corrosion products at these spots were 
picked off, the wires were found to be very thin or corroded through as indicated by 
atrows 1 and 2 in Fig. 13. Arrow 3 indicates one of the larger deposits, under which 
the wire was found to be corroded through. 

Material No. 6 (98 copper — 2 tin), exposed at Cristobal for approximately 9 yr., 

was flecked with spots of corrosion products scattered more numerously over the 
upper than the lower half of the screen. The wires underneath the corrosion products 
were not greatly reduced in size and none was corroded through. 

A distinct, uniformly greenish patina was formed on all of the materials exposed 
at Cristobal except material No. 4 (70 nickel - 30 copper, approx.) which was uni- 
‘omly flecked with yellow. The patina was most pronounced on material No. 2 

”) copper - 20 zinc). No colored patina was noticeable on any of the materials 
xposed at Pittsburgh, Portsmouth, or Washington. 


TENSILE STRENGTH OF THE MATERIALS BEFORE AND AFTER EXPOSURE 


_ Specimens of the screen wire cloth for tension tests were clipped from each of the 
‘ames containing sufficient material after the exposure period at Pittsburgh, Ports- 
mouth and Cristobal (and from the extra material exposed for this purpose at Wash- 
ington). From each of the larger frames, 8 specimens were cut parallel to (longi- 
tudinal specimens) and 6 specimens perpendicular to (transverse specimens) the 
“rection of weaving of the cloth. From the 12 by 12-in. frames, 4 specimens were 
“ut in each direction. Only two specimens in each direction were cut at this time 
fom each of the materials exposed at Washington. 

The specimens were 15 strands wide with a central reduced section about 2} in. 
ng. The reduced section was made by clipping and removing two wires from each 
@ at the mid-length of the specimen. When tested, such specimens almost invari- 

ably broke in the mid-length. The materials from some of the frames could not be 
because of loss during storms, failure of frames or other reasons. 
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Fic. 11.—Appearance of Material No. 2 (80 Copper-20 Zinc) from the 30 by 36-in. 
Copper Frame After About 6 yr. Continuous Exposure at Cristobal. 


The material is extremely brittle and contains a great many holes. 
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BE. 
a 


Fic. 13.—A Small Area from One of the Bands of Corrosion Products Shown 
in Fig. 12. 
Arrows | and 2 show a broken and a thin wire, re spectively, revealed by the removal of 


corrosion products. Arrow 3 indicates one of the larger deposits under which the wire was 
found to be corroded through. 
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+—Average Results of the Tension Tests of the Longitudinal and of the Transverse Specimens 
of the Material Before and After Exposure at Pittsburgh. 
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15.—Average Results of the Tension Tests of the Longitudinal and of the Transverse Specimens 
of the Material Before and After Exposure at Portsmouth. 
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\6.—Average Results of the Tension Tests of the Longitudinal and of the Transverse Specimens 
of the Material Before and After Exposure at Cristobal. gg __ 
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The averaged results of the tension tests of specimens of the materials, before 


and after exposure for approximately 9 yr. at Pittsburgh, Portsmouth, and Cristobal 


are shown in Figs. 14, 15 and 16. The value for the tensile strength of each of the 
ncorroded materials is the average for 5 specimens for each direction. 

Materials Nos. 2, 4 and 7 at Pittsburgh and material No. 2 at Portsmouth and 
ristobal were either entirely gone or so badly corroded at the end of the exposure 
riod that the strength could not be measured. 

At Washington, where no failures have occurred in any of the framed materials, 
on tests have been made at intervals throughout the 9-yr. exposure period on 
itudinal and transverse specimens of the extra materials. The results are shown 
ig. 17. No explanation is suggested for the increased strength of the transverse 
imens of materials Nos. 1 and 6, during the early part of the exposure period. 
The average tensile strength of each material, in its original condition and at 
end of the exposure period, at each of the four stations, is shown in Fig. 18, the 
es given being the averages of the tensile strengths of the longitudinal and the 
sverse specimens. 
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Fic. 18.—Average Results of Tension Tests on all specimens (both Longitudinal and 
Transverse) of each Material Before and After Exposure at each of the Four 
Exposure Locations. 


The results of the laboratory accelerated corrosion tests that had previously 
n made showed no consistent correlation with the results of the atmospheric 
posure tests at any of the locations. The details of these laboratory tests, which 
sisted in determinations of loss of weight caused by (1) exposure to salt spray, 
by intermittent immersion in dilute sulfuric acid, and (3) by intermittent immer- 
iin sodium chloride solution, have previously been given.! Likewise, the deter- 
0 of loss of tensile strength caused by exposure to salt spray have been 
lished. 

The percentage loss of tensile strength after 500 hr. exposure to salt spray and 
‘esponding changes after approximately 9 yr. exposure at each of the four locations 
given for each material in Table V. In Table VI, the materials are listed, by 
ignation numbers, in the order of increasing percentage loss of tensile strength 
T exposure at the four locations and in salt spray. 

It is evident from these tables that the salt spray test cannot be used as a basis 
which to predict the behavior of the materials at the exposure stations. The 


Proceedings, Am. Soc. Testing Mats., Vol. 26, Part I, p. 492 (1926). 
Proceedings, Am. Soc. Testing Mats., Vol. 30, Part I, p. 864 (1930). 
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same was true for the other laboratory tests. Likewise, the behavior of the materials 
could not be correlated with the results of the determinations of the sulfur dioxide 
content of the atmosphere at the four locations.! 


TABLE V.—PERCENTAGE Loss OF TENSILE STRENGTH AFTER APPROXIMATELY 9 yp. 
EXPOSURE AT THE 4 LOCATIONS; AND AFTER 500 HR. IN THE SALT SPRAy.* 


Loss in Tensile Strength After Exposure, per cent 


Designation Nominal Composition, 
of Alloy per cent 


At Pitts- At Ports- | At Cristo- |At Washing-| 500 hr. in 
burgh, Pa. | mouth, Va. | bal, C. Z. | ton, D.C. | Salt Spray 


90 copper, 10 zinc 75 37 39 16 74 
80 copper, 20 zinc 100 100 100 33 87 
75 copper, 20 nickel, 

5 zinc 92 36 47 20 
70 nickel, 30 copper 

(approx.) 100 90 59 43 
Copper (unalloyed) 51 29 34 21 
98 copper, 2 tin 47 28 32 13 
95 copper, 5 alumi- ; 

num 100 54 48 22 pitch 


been 


@ The data in this table were taken, for the four exposure stations, from Figure 18; for the salt spray from . 
the 1930 Report of Committee D-14. Poin 
+ Negligible after 5000 hr. mitt 


TaBLe VI.—MateriALs Listep By DESIGNATION NUMBERS IN THE ORDER OF INCREASING 
PERCENTAGE Loss OF TENSILE STRENGTH AFTER EXPOSURE AT THE Four LOCATIONS 


AND IN SALT SPRAY. ate 


Pittsburgh, Pa. Portsmouth, Va. Cristobal, C. Z. Washington, D. C. Salt Spray rosin 
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@ Material Nos. 7, 4 and 2 failed completely in the following order: No. 4, first; No. 2, next; an! boilii 
No. 7, next. 
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SUMMARY 


In the mildly corrosive atmosphere at Washington, no failures occurred in aty 
_of the materials during the approximately 9-year period. 
In the temperate and tropical seacoast atmospheres of Portsmouth and Cristobal, : 
_ with some industrial contamination at both exposure stations, there was more damage will 
to each material than at Washington. Nod 
The severest damage to each material was caused by the heavy industrial atmos- 
phere at Pittsburgh. rend 


1 Proceedings, Am. Soc. Testing Mats., Vol. 30, Part I, p. 864 (1930). 
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REPORT OF COMMITTEE D-17 


ON 
NAVAL STORES 


Subcommittee I on Viscosity of Rosin (C. E. Kinney, chairman) 
has continued its work during the year. A number of conferences have 
een held with members of the subcommittee and with the Special Committee 
n Softening Point Test, appointed by Committee E-1 on Methods 
{ Testing to adapt the ring-and-ball method to asphalts, tars, 
pitches, rosins, and resins, both artificial and synthetic. Progress has 
been made in these studies and a proposed Method of Test for Softening 
Point by Ring-and-Ball Method has been prepared by the Special Com- 
mittee which appears to be satisfactory for use in determining the softening 
point of rosin. 

The chairman of the subcommittee has also done considerable pre- 
liminary work in attempting to apply the falling-ball viscosity method to 
rosin. The data so far obtained indicate that: 

1. The falling-ball method is capable of differentiating between 
rosins having nearly identical ring-and-ball melting points. 

2. As far as reproductibility of results and ease of manipulation are 
mcerned, the falling-ball method is not as good as the ring-and-ball 
ethod. 

The temperature of 100 C. was selected because it was thought that 
yiling water would provide the simplest and most convenient constant 

temperature bath. However, the effect of slight temperature variations 
was found to be great since the viscosity-temperature curve for most 
tosins is very steep at 100 C. A variation of 0.1 C. may produce a variation 
of 5 per cent in viscosity; a variation of 3 mm. in barometric pressure 
will produce a variation of more than 0.1 C. in the boiling point of water. 
No determinations were made at temperatures much different from 100 C. 

3. The manipulations involved in the falling-ball viscosity method 
tender it impractical for use in control and routine work on rosin. 

The subcommittee does not believe that this method can be developed 
‘0 4 stage where it can replace methods like the ring-and-ball, etc. With 

te elaborate facilities for temperature control, however, this method 
Hers « one of the most convenient means for determining the viscosity 
frosins at 100 C. and above, in special and research work. The sub- 
mmittee is not planning any further work on this method. 
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The chairman of Subcommittee I recommends that work on the soft- 
ness or viscosity of rosin at ordinary temperatures be undertaken. 

Subcommittee IV on Acid and Saponification Numbers and Un- 
saponifiable Matter (R. C. Newton, chairman) has done cooperative work 
during the year, but the results from different cooperators vary so widely 
that no formal report will be made at this time. ‘The chairman of the 
subcommittee is attempting to determine why the results differ so greatly. 


This report has been submitted to letter ballot of the committee 
which consists of 21 members; 13 members returned their ballots, of whom 
‘12 have voted affirmatively and none negatively. 


Respectfully submitted on behalf of the committee, a 


IF, P. VEITCH 
( ‘hairman. 
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_ REPORT OF COMMITTEE D-19 
ON 
WATER FOR INDUSTRIAL USES 


1ittee Considerable progress on its program has been made by Committee 
vhom D-19 on Water for Industrial Uses. The various features of the work 
being carried on by the committee were discussed in its 1934 annual report! 
a ind in a progress statement in the A.S.T.M. Bulletin, January, 1935, p. 17. 
Although no meetings of the committee were held during the year, certain 

matters have been handled by correspondence. 
No action has yet been taken by the committee in the formation of a 
subcommittee to undertake the preparation of specifications for and methods 
f testing water conditioning chemicals and materials. The Subcommittee 
on Methods of Sampling is presenting for information a report, appended 
hereto, entitled ‘Problems in the Standardization of Methods for Sampling 

Water for Industrial Purposes.” 

The Editorial Subcommittee is reporting progress on its work as 


reported to the Society in 1934. It has edited the report submitted by the 
Subcommittee on Methods of Sampling. The Subcommittee on Methods 
of Analysis, in addition to continuing the program referred to last year, 
has submitted to Committee D-19 four methods of analysis, which include 
the carbonate, hydroxide, phosphate, and sulfate ions. — 


ACTIVITIES OF SUBCOMMITTEES 


Subcommittee I on Policy and Procedure (F. N. Speller, chairman).— _ 
[his subcommittee has recommended holding in abeyance the formation 
{ a subcommittee to formulate specifications and methods of test for 
zeolites. This recommendation was adopted pending the publication of 
the report of one of the subcommittees of the American Water Works 
\ssociation, which had this problem in hand last year. It is anticipated 
that the report of the latter subcommittee will be made available late in 
the spring of 1935. 

Subcommittee II, Editorial (E. P. Partridge, chairman).—Progress has 
been reported by this subcommittee on interpretations, but the material 
is not ready for publication. The subcommittee has condensed and edited 
the report on sampling prepared by Subcommittee III and recommends 
the publication of the report in its present form, as appended hereto, for 
information only. 


' Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 551 (1934). 
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Subcommittee ITT on Methods of Sampling (R. E. Hall, chairman). — 
The chairman of this subcommittee prepared a lengthy report, on 
“Problems in the Standardization of Methods for Sampling Water for 
Industrial Purposes.” ‘The report is based on valuable suggestions con- 
tributed by members of Subcommittee III. The essential purpose of the 
report is to focus attention on the fundamental problems in connection 
with the important subject of sampling. The report in its condensed form 
as edited by Subcommittee II is appended hereto and should be considered 
as an outline which will serve as a guide to cover the subject in all of the 
industrial fields where sampling and analysis of water are required. The 
subcommittee recommends that the edited report be published for infor- 
mation only at this time, so that valuable suggestions and comments may 
be obtained from the membership of the Society. 

Subcommittee IV on Methods of Analysis (C. H. Fellows, chairman).— 
Subcommittee IV reports progress on the problems referred to in the 1934 
report,' and in the statement published in the January, A.S.T.M. Bulletin. 
This subcommittee has referred to Committee D-19 methods of analysis 
of four ions, the carbonate, hydroxide, phosphate, and sulfate, when these 
ions are present in boiler feed water or boiler water supplies. These 
methods were developed by the Subcommittee on Water Analysis of the 
Joint Research Committee on Boiler Feed Water Studies, and together with 
supporting research data they have been previously published. ‘The 
methods will be referred for editing to Subcommittee II, and when mad 
available in A.S.T.M. form will be submitted to the Society for publication 
as information. One meeting of the subcommittee was held during the 
‘year, at Atlantic City, N. J., in June, 1934. 


REPORT OF COMMITTEE D-19 


This report has been submitted to letter ballot of the committee, which 
consists of 29 members; 25 members returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf the committee, ; 
Max HEcut, 
Chairman. 


1 cit. 


“Determination of Carbonate, Phosphate, and Hydroxide in Boiler Waters,” Reports of the Subcom- 


R. E. Hatt, 
Temporary Secretary. 


form by American Society of Mechanical Engineers. 
W. C. Schroeder, “Direct Titration of Sulphate. Tetrahydroxyquinone as an Internal Indicator,” 
Industrial and Engineering Chemistry, Analytical Edition, Vol. 5, pp. 403-406 (1933). 
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siti on Water Analysis, Joint Research Committee on Boiler Feed Water Studies, 1933. Published in book 
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APPENDIX = 


PROBLEMS IN THE STANDARDIZATION OF METHODS FOR ~ 
SAMPLING WATER FOR INDUSTRIAL PURPOSES! 


Standardization of methods for the examination of water supplies 
isno new activity. Cooperative effort over a period of many years has 
resulted in the successive editions of ‘Standard Methods of Water Analysis,” 
published jointly by the American Public Health Association and the 
\merican Waterworks Association, the recognized manual on the subject. 
Covering the requirements of its own field admirably, this manual is less 
ilequate for industrial use. The need for standards applicable to boiler- 
water control and the belief that industry in general would profit by stand- 
ds broad enough to cover most of the technological uses of this universal 
material led to the organization by the American Society for Testing 
Materials of Committee D-19 on Water for Industrial Uses. 

Sampling, analysis and interpretation of analytical data must all 
ve considered before standards can be written even in preliminary form. 
lo stimulate discussion on the first of these subjects the present report is 


fered. 


SYSTEMS OF CLASSIFICATION FOR THE SAMPLING OF WATER _ 


[he problems encountered in sampling water differ with its mem 
ate, its mode of occurrence, and the objective for which the sample is’ 
rocured. 


ification by Physical State: 

At one time or another it may be desirable to procure samples of | 
vater In any one of the three physical states, solid, liquid or vapor, or 
UX tures of solid and liquid or of liquid and vapor in which it may occur. 
Not only must a wide range of temperature be considered but also a wide 
'ange of pressure from below that of the atmosphere up to the very high 

féssures now employed in industry. 


isstfication by Mode of Occurrence: 


In most cases it is possible to classify a source of water either as uncon- 
hed or confined, although no hard and fast line can be drawn. In gen- 
, rivers, lakes, reservoirs, oceans, and even open wells, underground 
‘treams, springs and open tanks or similar industrial equipment may be 


‘This report has been condensed and edited by E. P. Partridge, chairman of Subcommittee II Editorial, 
+ Teport prepared by R. E. Hall, chairman of Subcommittee II on Methods of Sampling, of Committee _ 
fater for Industrial Uses of the American Society for Testing Materials. 
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considered as unconfined sources, while pipelines, closed tanks, boilers, and 
similar industrial equipment may be considered as confined sources 
Some distinction is, perhaps, desirable between essentially quiescent and 
circulating water. 


Classificalion by Objective of Sample: 

Water accumulates to a greater or lesser degree all types of material— 
dissolved gases, inorganic and organic substances, both in solution and in 
suspension, and living organisms. The possible number of constituents in 
water is almost legion. ‘The variation in quantity may be a thousandfold 
or hundreds of thousandfold. For one purpose a trace of a particular con- 
stituent may have no significance, while in another case it is more important 
than other constituents present in much larger quantity. 

Since for any specific purpose certain properties of the water are 
important, the method of sampling must be chosen to yield adequate 
knowledge concerning the important constituents. Both the quantity 
of the sample and the treatment accorded it will depend, for example 
upon whether it is to be subjected to a chemical analysis, a bacteri 
count or a determination of turbidity. site 

intel 
PROBLEMS UNDER VARIOUS CONDITIONS| her 

A few illustrations will indicate the complex factors involved in chan 
attempt to develop standard methods. | 

detec 


lh p 
Large bodies of water, as the ocean or the Great Lakes, are relative) and 


constant in composition. Changes in the composition of water from supp 
wells occur usually in long swings and not abruptly. Rivers, streams, al wate 
pools, however, mirror the caprices of the atmospheric conditions aroun avi 
them. prope 
To obtain a reasonably accurate estimate of the composition of larg 
bodies of water far enough from the shore line to avoid variations due t is pe 
inflowing tributaries or shore contaminations, individual samples taken 4 latin, 
rather infrequent intervals will suffice. For a reasonable estimate of t ame 
composition of a stream or pool, however, it is essential that great care be for ¢ 
exercised that the sample be representative of the main body of water '!  tho.. 
it is the purpose to establish the composition of the main body, and 0 Bf yit, 
local conditions in any particular spot) and that samples be collected 2! aR neces 
short intervals. If the end desired is a reasonably accurate knowledg: ic. », 
of the average composition, it is good practice to collect samples of2 of tp 
standard size, which are transferred to a container of sufficient capacity 
to receive these samples for a period of a week or more, at the end of which consi 
the composite sample is mixed. Obviously, the large containe 
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must be given good care, and components which are subject to volatilization 
or change by standing must be determined on the fresh small samples 
before deterioration occurs. Composite sampling and testing of this sort 
is practiced in the water-supply departments of many cities, in the work 
of the Geological Survey in determining the composition of American lakes 
and rivers, and in many power plants. 

Altogether different factors must be considered in developing standard 
methods for obtaining samples at a considerable depth as contrasted with 
surface samples. In the latter case the effect of natural currents, wind, 
living organisms, and surface drainage must be taken into account. While 
currents and submerged springs also may be important in deep sampling, 
the greatest problem is to prevent admixture of the sample at the desired 
depth with water between that point and the surface. Stratification, 
involving changes in mineral or oxygen content, or pH value with depth, 


may be very appreciable in many cases. 


Confined Sources: 


Water flowing in a pipe line from a supply to a point of discharge 
without recirculation may undergo changes in composition necessitating 
intelligent application of sampling methods. For example, corrosion or the 
elect of corrosion- inhibiting additions to the water may be indicated by 

langes in pH value, or in dissolved oxygen, carbon dioxide, or iron content. 

Contamination of water as a result of cross-connections may involve 
detective ability of a high order combined with careful sampling technique. 
In power plants where service lines containing hard water are cross- 

mnected with those containing soft boiler feed water to insure certain 

ipply of water to the boiler, frequently the hard water gets into the soft 
iter. The celebrated case of disease contamination flowing back into the 
rvice lines of a hotel in Chicago during the World’s Fair illustrates how 
roper choice of sampling and testing can solve difficult problems. 

In considering water confined in tanks or vessels, some distinction 

erhaps desirable between essentially quiescent as compared with circu- 

ig water. In the former class are sumps or tanks for condensate, often 
ent-walled or cement-washed, the contents of which must be sampled 
f contamination; tanks or sumps for clarification by settling, such as 
s¢ used in the intermittent lime-soda process, and those for clarification 
ith coagulation by alum or otherwise; tanks for acid treatment with their 
essary determinations of CO, and pH value; and tanks for artificial 
manufacture. Under the head of circulating water is included much 
the equipment of power, chemical and other industrial plants. 

For illustrative purposes the different conditions of pressure will be 

sidered with reference to a power plant. 

Normal pressure may be assumed to exist in the boiler feed-water lines 
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up to the feed-water pump, since the water system pressure up to this point 
is slight as compared with the pressures that follow. In the hot process 
softener the sample may be taken before the filter or after the filter, as 
desired. In the cold continuous softener the sample may be taken at 
similar points or it may be taken farther along after the water has been 
heated and the control thus made on the hot water. The choice of point 
of sampling may make a huge difference in the treatment applied at the 
softener. In the equipment up to the boiler feed pump separation of oxygen 
is obtained, and careful choice of both the point of sampling and method 
of sampling of heater and deaerating heater are necessary to insure proper 
protection for the boiler. Sampling of the gravity return hot water and 
steam heating systems, as well as of systems for the acid treatment of 
feed water and recirculation of the boiler water to provide safe pH values 
also is done essentially at normal pressure. In the part of the boiler layout 
extending from the condensers back to the ordinary feed water, sampling 
of the condenser cooling water and testing for condenser leakage are 
desirable. 

Subnormal pressure is encountered in vacuum heating systems where 
the condensate must be tested especially at various points in the vacuum 
return line. Attention must be given in sampling as to whether the sample 
has been condensed from and in contact with the steam, or represents 
totally condensed steam. For instance, in taking a sample of steam for 
oxygen concentration, the steam line is tapped, steam is removed through 
a coil which passes through a cooling chamber, and the condensate coming 
from the coil is tested for its oxygen. This represents truly the amount 
of oxygen in the steam. In corrosion problems, however, the important 
consideration is the amount of oxygen in the water that condenses from the 
steam and in contact with the steam inside the lines, a totally different 
proposition, because the partial pressure of oxygen in the steam is s0 
slight that for all practical purposes none of it will be dissolved in the 
condensate. It frequently happens that one set of tests sampled in 
one way will show that the condensate is of a corrosive nature because o/ 
its dissolved oxygen content and relatively low pH value, while another 
set sampled by the other method will find a higher pH value and no 
oxygen. 

Positive pressure exists in the boiler, which presents varying problems 
as a result of mechanical differences. 

The cross-drum type is perhaps as common as any today. Correct 
sampling of the boiler water requires careful attention to the location at 
which samples are taken, since these may consist in part of condensate or 
in part of feed water. The concentration has been seen to vary immensely 
from one end of a drum to the other with different conditions of feed-water 
entry. In the drum itself there is a difference in concentration between 
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the water which is in the main part of the drum and that which is separated 
from the main part of the drum by the ordinary curtain baffle. Samples 
taken from the mud drum are different from those taken from the main 
drum; samples taken in the upper boiler tubes at their discharge end into 
the steam header are different from those taken in the mud drum; samples 
taken in a boiler with overdeck superheaters will show different results 
from samples taken where the superheater is interdeck; samples taken 
during or after high-rating operation show different concentrations from 
samples taken during low-rating operation. The pressures of these types 
of boilers vary from normal atmospheric to 1450-lb. pressure in this country, 
and appropriate sampling without flashing requires special equipment. 
Varying conditions frequently require tests on the steam, on mixtures 
of the steam and condensate, or on mixtures of the steam and boiler water 
for oxygen, alkalinity, sulfate, chloride, etc. When the purity of steam 
is checked by means of the calorimeter, by conductivity or by chemical 
analysis, the method and point of sampling are of extreme importance. 


DEVELOPMENT OF STANDARD METHODS 


The great diversity of conditions under which water samples must be 
procured has been indicated in the preceding section. It is obvious even 
from this very incomplete discussion that specifications cannot be drawn 
for sampling methods which will be applicable in all cases. There will 
always be need for the exercise of trained judgment in the procurement 
of samples. It should be possible, however, on the basis of experience in 
many specific individual cases, to develop broad general rules as a guide 
for the sampling of water under various industrial conditions, remembering 
the three cardinal points of all sampling: 

1. A sample at the moment it is taken must represent the conditions 
in the material, or in the particular location in the material, from which 
it is removed; 

2. Manipulation from the moment of sampling to the moment of 
analysis must be safeguarded against changes in the properties which 
are to be determined; 

3. Samples must be adequate to permit accuracy of analysis of the 
same order as the accuracy of sampling, and sufficiently precise for the 
objective in view. 

Subcommittee III on Methods of Sampling of Committee D-19 on 
Water for Industrial Uses will appreciate the cooperation and criticism of 
all persons interested in the sampling of water. ‘These should be addressed 


to the chairman of Subcommittee III, Mr. R. E. Hall, 304 Ross St., Pitts- 
burgh, Pa. 
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REPORT OF COMMITTEE E-1 
ON 


METHODS OF TESTING 


While a meeting of Committee E-1 on Methods of Testing has not 
been held since the meeting at Atlantic City, N. J., in June, 1934, a number 
of the sections of the technical committees met in connection with the 
Spring Group Meetings of A.S.T.M. Committees in Philadelphia in March. 
A meeting of Committee E-1 will be held at this annual meeting subsequent 
to the presentation of this report to the Society. 

The work of Committee E-1 during the past year has largely been 
concentrated in its various technical committees. The sections of the 
Technical Committee on Mechanical Testing have been particularly active 
in connection with various problems dealing with the test matters under 
their jurisdiction. ‘This has resulted in several recommended revisions in 
existing tentative standards. Considerable progress has also been made 
by the Special Committee of the Technical Committee on Consistency, 
Plasticity, Etc., in the development of an improved method of test for 
softening point (ring-and-ball method) while one section of the Technical 
Committee on Particle Size and Shape is considering a new test method 
and another has completed an extensive revision of an existing standard 
specification. Certain of these various proposals which are discussed in 
detail later in this report are expected to be presented to the Society for 
publication as tentative subsequent to the annual meeting through Com- 
mittee E-10 on Standards. 

The Executive Committee of the Society appointed three represent 
tives-at-large to serve on the Advisory Committee, namely, D. FE. Douty, 
United States Testing Co., and the reappointment of T. A. Boyd of the 
General Motors Corp. and R. L. Templin of the Aluminum Company 0! 
America, each for three-year terms, expiring in 1937. Mr. H. W. Bearce, 
National Bureau of Standards, has been appointed chairman of the Tech- 
nical Committee on Methods for Density and Mr. T. Smith Taylor has 
been appointed as chairman of the Technical Committee on Volatility to 
succeed E. W. Dean, resigned. 

The conference group mentioned in last year’s report,’ that was ap 
pointed to give consideration to methods of designating chemical, physical 
and similar specification requirements in the standards of the Society, 


1 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 553 (1934). 
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On METHODS OF TESTING 


recommended that this work be undertaken by a technical committee of 
Committee E-1. The organization of the new technical committee, desig- 
nated ‘Technical Committee XI on Designation and Interpretation of 
Numerical Requirements, has now been completed with the following 
personnel : 


J. A. Gann, Chairman, The Dow Chemical Co. 

H. F. Dodge, Secretary, Bell Telephone Laboratories 

H. V. Churchill, Aluminum Co. of America 

Anson Hayes, The American Rolling Mill Co. 

H. F. Moore, University of Illinois 

E. F. Kenney, representing Committee A-1 on Steel ; 

G. E. F. Lundell, representing Committee A-3 on Cast Iron 

L. W. Hopkins, representing Committee A-5 on Corrosion of Iron and Steel 

W. A. Cowan, representing Committee B-2 on Non-Ferrous Metals and Alloys 

|. L. Christie, representing Committee B-5 on Copper and Copper Alloys 

|. A. Gann, representing Committee B-7 on Light Metals and Alloys 

P. H. Bates, representing Committee C-1 on Cement 

F. B. Lysle, representing Committee C-3 on Brick _ 

A. E. R. Westman, representing Committee C-8 on Refractories 

I. W. Leavitt, representing Committee C-9 on Concrete and Concrete Aggregates 
. H. Ingberg, representing Committee C-10 on Hollow Masonry Building Units 
D. W. Kessler, representing Committee C-18 on Natural Building Stones 
A. T. Goldbeck, representing Committee D-4 on Road and Paving Materials 

W. A. Selvig, representing Committee D-5 on Coal and Coke 

). R. Church, representing Committee D-7 on Timber 

L. T. Sutherland, representing Committee D-9 on Electrical Insulating Materials 

G. E. Hopkins, representing Committee D-13 on Textile Materials 

F. P. Veitch, representing Committee D-17 on Naval Stores 

E. P. Partridge, representing Committee D-19 on Water for Industrial Uses 


Subsequent to the 1934 annual meeting, as mentioned in the annual 
ort last year,! Committee E-1 presented to the Society through Com- 
ittee E-10 on Standards new Tentative Definitions of the Terms Con- 
tency and Plasticity (E 24 — 34 T), on the recommendation of Technical 
mmittee II on Consistency, Plasticity, Etc.; also revisions of the Tenta- 
Specifications for Verification of Testing Machines (E 4-33 T), 
mmended by Technical Committee I on Mechanical Testing. ‘The 
definitions and the revised Methods E 4-34 T were accepted for 
ication as tentative? by Committee E-10 at a meeting held on August 22, 
34, and appear in the 1934 Proceedings.* 
Later in the year, on the recommendation of Technical Committee J, 
committee presented? to the Society through Committee I-10 revisions 
Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, pp. 557, 558 (1934). 
n submitting these recommendations to Committee E-10 on Standards, Committee E-1 reported the 
ng results of the letter ballot vote of a total of 42 ballots returned from a committee membership of 57: 
ative Definitions of Terms Consistency and Plasticity (E 24-34 T), 30 affirmative, 1 negative and 11 
marked “‘not voting’; Tentative Methods of Verification of Testing Machines (E 4 - 34 T), 34 affirma- 
ee and 8 ballots marked “‘not voting.”” On the Tentative Methods of Impact Testing of Metallic 


E 23 - 33 T), 32 ballots were returned all of which were affirmative. 


g : Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, pp. 1245, 1233 (1934); also 1934 Book of A.S.T.M. 
tive Standards, pp. 1169, 1157. 
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of the Tentative Methods of Impact Testing of Metallic Materials (E 23- 


33 T), which were accepted for publication on November 15, 1934, an 
appear in the 1934 Proceedings.' 


Technical Committee I on Mechanical Testing (H. F. Moore, chairman): 


During the past year the committee, through the activities of jt: 


sections, has prepared minor revisions of the Tentative Methods of Ver. 
fication of Testing Machines (E 4-34 T) and of the Tentative Definition: 
of Terms Relating to Methods of Testing (E 6-32 T), as indicated ir 
“detail later in this report. 

Section on Tension Testing (R. L. Templin, chairman).—This sectio: 
held a meeting at Philadelphia in March, 1935, at which there was a dis. 
cussion of the rather wide variation of conditions under which tensi 
tests are now made. A definite attempt is under way to establish close 

contact between this section and the standing committees of the Society 
_ which have tension tests included in their standards. It is hoped by this 
- means to bring about a somewhat better degree of uniformity in making 
tension tests, realizing, of course, that different materials demand som 
considerable variation in methods if test results are to be accurate, repro- 
= and significant. So far, the section has not been able to make 
effective contact with the committees responsible for standards which 
include tension tests for non-metallic materials. At its meeting the section 
discussed the use of curved grips for tension tests of pipes and tubes, and 
the technique and significance of delicate tests for determining propor- 
tional limit. 

Section on Compression Testing (M. F. Sayre, chairman).—This sec- 
tion is working on the revision of the present Tentative Methods of Com- 
pression Testing of Metallic Materials (E 9-33 T). It has found that 
before satisfactory changes can be made further study of the effect 0! 

speed of testing is necessary, and the section is keeping in close touch 
with the Section on Effect of Speed of Testing which is working on thi 
_ important and complex problem. 

Section on Bend Tests for Ductility (A. B. Kinzel, chairman).—Thi 
section is engaged in the development of tentative standards for ben! 
tests for the ductility of thin sheet metals, and is working in cooperation 
with the Section on Testing of Thin Sheet Metals. . 

Section on Indentation Hardness (J. R. Townsend, chairman).—This 
section held a meeting at Philadelphia in March, 1935, at which the pri 
cipal item of discussion was the preparation of standard test blocks fo! 
_use in calibrating hardness testing machines, especially Rockwell machine 
It was reported by a representative of the National Bureau of Standards 
that it seemed feasible to develop a system of standardizing test blocks 


_ ! Proceedings,§Am. Soc. Testing Mats., Vol. 34, Part I, p. 1201 (1934); also 1934 Book of AS.T.M. Te 
tative Standards, p. 1118. 
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| that to attack the problem promptly, a fund of $3000 should be provided, 


in which the hardness of a standard block should be reported in terms of 
length, mass and time—fundamental units. It may be noted that Brinell 
hardness numbers are stated in such units. The cost of developing such a 
ystem of standardization of test blocks was discussed, and it was estimated 


mainly for the salary of a research assistant. A letter ballot is in progress 
to ascertain the formal judgment of the members of the section on the 
importance and probable satisfactoriness of such standardization of test 
blocks. 

The standardization of hardness tests other than the Brinell and the 
Rockwell was discussed, but so far there seems to be no great demand a 
uch standardization. 

Section on Testing Thin Sheet Metals (C. H. Marshall, chairman).— 
This section held a meeting at Philadelphia in March, 1935, at which time 
twas reported that the questionnaire, which was planned at the meeting 
st June, had been distributed. This questionnaire seeks information 
n the use, limitations, and significance of various tests used on thin 
sheet metals. At the meeting, arrangements were made for closer copes 
tion with the Sections on Tension Testing, on Indentation Hardness, and 

1 Bend Tests for Ductility. A round-table discussion on Ductility Test- 
ig of Sheet Metals is being held during the current annual meeting of the 
‘oclety under the sponsorship of this section in cooperation with the 
‘ection on Bend Tests. 

Section on Flexure Tests (H. F. Clemmer, chairman).—At its first 
meeting which was held in June, 1934, at Atlantic City, N. J., this section 
cided to undertake as its first problem a study of the effect of span-depth 
ratio on flexure strength. Members of the section were assigned to the 
study of the effect of this ratio for concrete, cast iron, building stone, 
itick, gypsum products, refractories, timber and electrical insulating 

aterials. This study is now in progress, and data are being gathered 
fom various laboratories. 

Section on Impact Testing (W. W. Werring, chairman).—The section 

id a meeting in June, 1934, at Atlantic City at which time various minor 
visions of the Tentative Methods of Impact Testing of Metallic Ma- 
als (E 23-33 T) were discussed and approved for submission to letter 
‘allot of the section. ‘The changes proposed represented an improvement 
the testing requirements and resulted from a year’s use of the methods. 
‘s mentioned earlier in this report, the revisions were presented to the 
oclety through Committee E-10 on Standards and the revised methods 
"te accepted for publication as tentative. 

The question of limits of accuracy and of methods of machining 

tches in specimens was discussed. Data are being gathered as to the 
ect of variation of shape and dimensions of notch in different metals. 
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The failure of notched specimens of ductile metals to give clean, shar 
fractures in the Charpy or Izod impact flexure test was discussed, and th 
impact tension test was suggested as having advantages over the flexur 
test for such metals. However, it was recognized that much more study 
of the impact tension test would be necessary before any standardizati 
of it would be feasible. 

Section on Effect of Speed of Testing (P. G. McVetty, chairman). 
‘This section is facing the difficult problem that to insure satisfactory control 
of speed of testing it is rale of strain which must be controlled, and that con- 
trolling the speed of head of the testing machine does not control rate oj 
strain accurately, especially below the yield strength of metallic materials 
It seems probable that the physical properties of most non-metallic material: 
are more seriously affected by variation in rate of strain than are metalli 
materials, and that brittle metals are more affected than are ductile metals 
‘T'wo investigations seem desirable: (1) a careful study of effect of rate o! 
strain on the mechanical properties of a wide variety of materials, an 
(2) the development of practical means for insuring that a test of a specimen 
may be run at a controlled and predictable rate of strain. The section is 
studying the-available data on effect of speed of testing, but is seriously 
handicapped by the fact that in most studies of the effect of speed of testing 
only the speed of head of machine is recorded. 

Section on Calibration of Testing Machines and A pparatus (H. F. Moor 
chairman).—The section held a meeting during the spring group meeting 
of the Society in Philadelphia during March, 1935. At that time th 
following minor revisions of the present Tentative Methods of Verificatio1 
of Testing Machines (E 4-34 T) were considered which, after approve 
hy Committee E-1, are to be submitted to Committee E-10 on Standard: 
so that the methods may be published in their revised form during the year 


Section 2.—Change Paragraph (a) to read as follows by the additiol 
of the italicized words: 

(a) Standard Weights.—Verification by the direct application of standart 
weights to the weighing mechanism of the testing machine, where practicable, is t 
most accurate method. Its limitations are (1) the small range of load which can! 
covered, (2) the non-portability of any large amount of standard weights, and (3) 
non-applicability to horizontal testing machines or to vertical testing machines wh 
weighing mechanisms are attached to their upper platens. 


Section 3.—Change the note following this section from its preset! 
form to read as follows: 


Notre.—For any testing machine (particularly for certain types of machine 


- which the load-indicating device is actuated by a Bourdon pressure tube, a hydr au 
_ (or steam-engine) indicator or other device depending on the elastic properties ‘ 


material, or for machines in which the load is measured by measuring the presse 
in a hydraulic jack) the errors observed at corresponding loads taken, first by ™ 


' Subsequent to the annual meeting Committee E-1 presented these revisions to the Society, see Bato 
Note, p. 496.—Eb. 
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creasing the load to the test load and then by decreasing it to the test load, may not 
agree. ‘Testing machines are usually used under increasing loads, but if a testing 
machine is to be used under decreasing loads it should be calibrated under decreasing 
loads as well as under increasing loads. 


Section 10.—Change the note following this section from its present 
form: namely, 


Note.—The method of verification by standardized proving levers is used, at 


the present time, only on vertical testing machines. It is often used up to loads of 
10,000 Ib. 


to read as follows: 


Note.—The use of standardized proving levers on horizontal testing machines 
involves the use of bell crank levers. They require special methods of determination 
of lever ratio, which have not yet been codified in A.S.T.M. standards. Proving 
levers for vertical testing machines are now available up to 50,000-Ib. capacity. 


Section 13.—Change Paragraph (a) to read as follows by the addition 
Ime of the italicized words: 
jon is 


ous!) 
sting 


13. (a) The scale of the indicating mechanism shall be uniformly graduated. 
distance between any two graduation lines, dots, or other dividing marks (or 
en their images, if a viewing system with a definite optical magnification is used), 


be not less than 0.035 in. 
tion Add a sentence to the end of Paragraph (b) to read as follows: 


e the For scales on a circular dial, when successive lines are set to one fixed index line, 

ation jositions of successive graduation lines nearly diametrically opposite, referred to 

roval her fixed index line shall differ from each other by (1) not more than 5 per cent of 

dards smallest division of the dial, or (2) not more than 0.1 per cent of the minimum ' 

wists in the loading range of the instrument, if (2) be larger than (/). _ —_ 
Change Paragraph (c) from its present form: namely, 


dition 


(c) For each division of the scale, the change in load required to change the 
ing from one graduation line to an adjacent graduation line shall not exceed one 


andar’ of 1 per cent of the capacity load. 


is the 


canbe to read as follows: 
(3) its 


whose (c) The change of load necessary to cause a relative movement of 0.1 in. be- 
n the index line and the scale (or its image if a viewing system with a definite 


tical magnification is used) shall not exceed 1 per cent of the capacity load of the 
resent strument. 


ines it | . ection 16.—Transpose this section covering Preliminary Cyclic 
draulic wading to follow the present Section 18 on Primary Standards for Elastic 


es of 4 libration Devices, renumbering these sections accordingly. 
ressure 


by it: Section on Elastic Strength of Materials (F. B. Seely, chairman).—The 
zaitorsl | “CCllon held a meeting at Atlantic City in June, 1934. It was found that 
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some confusion existed in connection with the use of the term “set method” 
for determining yield strength when it is a deviation (offset) from Hooke’s 
law rather than actual set, which is the criterion used in applying the 
method. ‘The question of substituting another word for “set” was dis- 
cussed, but it was judged better to modify the present Tentative Defini- 
tions of Terms Relating to Methods of Testing (E 6 — 32 T) by the addition 
of an explanatory note. Accordingly, this section has prepared the follow- 
ing revisions in the notes which accompany the definition of yield strength 
in the Tentative Definitions E 6-32 T which, after approval by Com- 
mittee E-1, are to be submitted to Committee E-10 on Standards so that 
the definitions may be published in their revised form during the year:! 
In the note under the definition of Yield Strength add the following 
sentence at the end of Paragraph 1 (0): 


For the higher strength steels, a gage length of less than 8 in. is recommended. 


Change Paragraph 2 (a) headed “Set Method” by the addition of 
the following statement: 


For any given stress the deviation (offset) from Hooke’s law is only approxi- 
mately equal to the set after the removal of that stress, and the approximation be- 
comes less and less exact as the permissible deviation diminishes. ‘This method is 
devised for determining a stress corresponding to a well marked plastic deformation, 
or set, and it is not feasible to specify a very small value for the permissible “‘set,” Om. 


In Paragraph 2 (b) headed ‘Approximate Method Without Stress- 
Strain Diagram,” change the second sentence to read as follows by the 
addition of the italicized words and figures and the omission of the words 
in brackets: 


The total strain can be obtained satisfactorily by use of an extensometer [or in 
some cases by use of dividers particularly if the surface of the specimen is prepared 
so that the line made by the dividers is a fine line and if it is observed through a read- 
ing glass] reading to 0.0001 in. per inch of gage length. 


In connection with the set method, Paragraph 2 (6), the following 
footnote should be added giving the values of permissible set which appear 
in existing A.S.T.M. Standards and Tentative Standards: 


Yield Strength (or its equivalent) is specified as follows in the standards and tentative standards of the 
American Society for Testing Materials: 


LIMITING VALUE OF 
STANDARDS OR TENTATIVE STANDARDS FOR: “SET,” PER CENT 
Alloy-Steel Pipe 
Aluminum-Alloy Bars, Rods, Shapes, Sheet 0.2 
Magnesium-Base Alloy Forgings, Castings, Sheet... 


The Alloy: Copper, 80 per cent; Tin, 10 per cent; Lead, 10 per cent : 
Copper-Silicon Alloy Plates, Sheets, and Bars . 0.5 (elongation under 
Malleable Iron Castings load; kt 
Sand Castings of Alloy: Copper, 88 per cent; Tin, 8 per cent; Zinc, 4 per cent mately Raa XT 
Aluminum Bronze Castings to “set” of 0. 
Bronze Bearing Metals and Steam or Valve Sand Castings per cent) 
Composition Brass or Ounce Metal Sand Castings 

Naval Brass Rods for Structural Purposes 


1 Subsequent to the annual meeting Committee E-1 presented these revisions to the Society, see Editorial 


Note, p. 496.—Eb. 
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Technical Committee II on Consistency, Plasticity, Etc. (E. C. Bingham, 
chairman): 

As mentioned earlier in this report the Tentative Definitions of Terms 
Consistency and Plasticity (E 24-34 T) developed by this committee 
were issued as tentative in August, 1934. Since these have been published 
for less than a year it is recommended that they be continued as tentative 
as the committee is desirous of receiving constructive suggestions and 
criticisms respecting them. 

The Special Committee on Softening Point Test (H. M. Hancock, 
chairman) has made excellent progress in perfecting a general method of 
test for softening point (ring-and-ball method) which will be applicable to 
asphalts, tars, pitches, rosins, and most resins both natural and synthetic. 
The method under consideration represents a revision of the existing 
Standard Method of Test for Softening Point of Bituminous Materials 

D 36-26)! which was originally prepared by Committee D-4 on Road 
and Paving Materials. The several members of the committee undertook 
the necessary studies and investigative work covering various features of 
the apparatus and details of the test procedure. Based on these studies 
and after two conferences by members of the Special Committee and 
cnsiderablé correspondence, a proposed Method of Test for Softening 
Point by Ring-and-Ball Method was developed and distributed to repre- 
sentatives of the various interested standing committees. This draft 
was revised in detail at a meeting of those interested in Philadelphia in 
March. The suggestions received by the committee at that meeting have 
been incorporated in a redraft of the proposed method. This will be con- 
sidered by the committee at a meeting during the current annual meeting 
% that the method may be presented to the Society during the summer for 
publication. 


Technical Committee ITT on Particle Size and Shape (L.'T. Work, chairman) : 

During the past year the activities of this technical committee have 
been centered in the work of its Sections on Sub-Sieve Sizes and on Coarse 
Screens, as discussed below. ‘The committee is reviewing the Tentative 
Method of Test for Fineness of Portland Cement by Means of the Turbid- 
imeter (C 115-34 T), developed by Committee C-1 on Cement, which 
vas issued as tentative in December, 1934. 

Section on Sub-Sieve Sizes (G. S. Haslam, chairman).—This section 
tas made considerable progress in its cooperative series of tests on particle 
‘ize measurement by the microscopic count method mentioned in the 
1934 report. Various features of the proposed method have been studied 
Y 4 group of eight laboratories. These studies have included a careful 
neck of important parts of the procedure to determine where the greatest 


‘1933 Book of A.S.T.M. Standards, Part II, p. 984. 
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sources of inaccuracies were and to develop a procedure to eliminate ther 
also actual measurements of several common pigments using the propos 


procedure and a correlation of the particle size test data obtained. A pre. 
liminary report has been prepared together with a detailed description oj 
the proposed Method of Measurement of Average Particle Diameter of 
Sub-Sieve Particulate Substances by Dark Field Methods, both of which 


are appended to this report. These have also been distributed to th 
members of the section and to the cooperating laboratories. ‘The section 
plans to review the report and proposed method at its meeting during th 
current annual meeting as well as to consider plans for its future work. 

Section on Coarse Screens (F. H. Jackson, chairman).—As the result oi 
certain criticisms of the Standard Specifications for Round-Hole Screens 
for ‘Testing Purposes (E 17 — 33),! which had to do primarily with the fac: 
that there were no tolerances on plate thickness and spacing for openings, 
the section has prepared a proposed revision of the specifications which 
introduces suitable tolerances as well as clarifies the paragraph covering 
space of opening so as to require a triangular spacing. ‘The revision 
which is in the form of proposed tentative specifications is appended hereto! 
and it is intended that it will supersede, when adopted as standard, the 
present Standard Specifications E 17-33. After approval by Committee 
E-1, the revised specifications are to be submitted to Committee E-10 on 
Standards so that they may be published in their revised form during the 
year.® 


Technical Committee VII on Chemical Composition (G. EF. F. Lundell 
chairman): 
This technical committee has not held a meeting during the year. 
. There are, however, some important matters having a bearing on the work 
of the committee that it is desirable to report at this time. 
The Subcommittees on Chemical Analysis of Committees A-1 on Steel, 
A-2 on Wrought Iron, A-3 on Cast Iron and analysts representing Con- 
-mittees A-9 on Ferro-Alloys, A-10 on Iron-Chromium, Jron-Chromium- 
Nickel and Related Alloys, and B-4 on Electrical-Heating, Electrical 
Resistance and Electric-Furnace Alloys have been engaged during the 
‘year in revising the A.S.T.M. Standard Methods of Chemical Analys: 
of Plain Carbon Steel (A 33 — 24), of Alloy Steels (A 55 — 24) and Method: 
of Sampling and Chemical Analysis of Pig and Cast Iron (A 64-27). It 
is proposed to combine the methods into one document covering all 0! 
these materials. Considerable progress has been made and the work will 
completed before June, 1936. 
11933 Book of A.S.T.M. Standards, Part II, p. 1242. 7 
2 See p. 1289.—Eb. 


3 Subsequent to the annual meeting Committee E-1 presented the revised specifications to the Societys 
see Editorial, Note,"p. 496.—Ep. 
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As a result of a movement for the centralization of activities dealing 
with the chemical analysis of metals, the Executive Committee of the 
Society has authorized the formation of a standing committee on Chemical 
Analysis of Metals to replace the present subcommittees on chemical 
analysis now organized under the individual standing committees. It is 
proposed that the scope of the committee will cover both ferrous and non- 
ferrous metals. An organization meeting of the committee will be held 
during the current annual meeting. 


Technical Committee VIII on Thickness Measurement (W. FE. Emley, chair- 
man): 

The committee feels that the principles to be observed in measuring 
the thickness of resilient materials are now fairly well known and have 
been published in previous reports of Committee E-1. Committees D-11 
n Rubber Products and D-13 on Textile Materials are now considering 
the possibilities of revising their testing methods so that these principles 
in be more closely complied with. The technical committee is, however, 
facing a situation where several industries have for years been using methods 
which violate some of these principles. ‘These methods are so strongly 
ntrenched that it will probably require some years of educational effort 
fore they are revised. 


nical Committee IX on Interpretation and Presentation of Data (Anson 
Hayes, chairman) : 
During the year the committee has furnished consulting advice in 
gard to the use of statistical methods in the field of manufacturing and 
testing of products. In some of the problems on which assistance has 
en given, Mr. H. F. Dodge has prepared written reports on the analysis 
{the problem. ‘There have been numerous cases where those having 
statistical problems with which to deal have been assisted in finding suitable 
sources of information in literature, necessary for the solution of their 
problems. Lectures have been given before regional meetings of the 
\merican Society of Mechanical Engineers on the use of statistical methods 
the manufacture of sheet metal and on other subjects along statistical 
nes. 
The technical committee has prepared two Supplements to the 
Manual on Presentation of Data (1933), as follows: 
Supplement A. Presentation of + Limits of Uncertainty of an Ob- 
tved Average.! 
Supplement B. “Control Chart”? Method of Analysis and Presenta- 
n of Data.! 
_ The committee recommends these supplements for publication with 
= report and also as a separate publication to supplement the Data 
Manual. 


‘These supplements appear on pp. 1411 and 1418.—Eb. OS 
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Technical Committee XI on Designation and Inter pretation of Numerical Re. 
quirements (J. A. Gann, chairman): 

At its organization meeting in Philadelphia on March 7, the com. 
mittee considered at some length the various matters which may occupy 
its attention in undertaking such a comprehensive subject as indicated 
by its title. It appeared that the committee would need to give con. 


sideration to the proper designation or methods of expressing requirements 
for chemical and physical properties in standards, permissible tolerance: 
in test procedures and interpretation of specification requirements from th 
standpoint of acceptance or rejection of material. These together wit! 
certain implied and associated expressions, such as sampling, number oj 
tests, accuracy of tests, etc., include most of the material in specifications 
and appear to present a complex problem when viewed from the stand 
point of the diversity of materials covered by A.S.T.M. specifications. 
In order to guide the committee in arriving at a precise statement oi 
its scope and activities, a subcommittee has been appointed consisting of 
J. A. Gann, H. F. Dodge, G. E. Hopkins, H. F. Moore, R. W. Crum, 
E. F. Lundell, and H. W. Leavitt to review existing A.S.T.M. standards 
regarding the designation and intent of commercial requirements. 


This report has been submitted to letter ballot of the committee, 
which consists of 56 members; 47 members returned their ballots, all o/ 
whom have voted affirmatively. 


Respectfully submitted on behalf of the committee, 


W. H. FULWEILER, 
Chairman. 


E. Hess, 


Ex-Officio Secretary. 


Note 
Subsequent to the annual meeting Committee E-1 on Methods of Testing pre 


sented to the Society on August 22, 1935, through Committee E-10 on Standards the 
following recommendations: 


EDITORIAL 


Revision of the Tentative Methods of Verification of Testing Machines (E 4 
34 T) 

Revision of the Tentative Definitions of Terms Relating to Methods of Testing 
(E 6-32 T) 

A tentative revision of the Standard Specifications for Round-Hole Screens fot 
Testing Purposes (E 17 — 33) 

The above recommendations were accepted by Committee E-10 and appear 

respectively on pp. 1303, 1315 and 1410. 
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REPORT ON STUDY OF MICROSCOPIC COUNT METHOD OF 
PARTICLE SIZE MEASUREMENT 
REPORT OF SECTION ON SUB-SIEVE SIZES 

The method described by Gehman and Morris! forms the basis for the 
proposed Method of Measurement of Average Particle Diameter of Sub- 
Sieve Particulate Substances by Dark Field Methods which accompanies 
this report and is appended hereto. It was found soon after the publication 
of the paper of Gehman and Morris that results checking within a reasonable 
accuracy could not be consistently obtained in different laboratories and 
the need was, therefore, quickly recognized of studying the important 
parts of the procedure in order to determine where the greatest sources of 
inaccuracies lay and to develop a procedure which would eliminate them. 

The cooperative test work was carried out by the following active 
members of the committee: 

R. P. Allen, B. F. Goodrich Co., Akron, Ohio. 

F. H. Amon, Godfrey L. Cabot, Inc., Boston, Mass. 

H. W. Catt, B. F. Goodrich Co., Akron, Ohio 

E. J. Dunn, Jr., National Lead Co., Brooklyn, N. Y. af 4“, 

D. L. Gamble, New Jersey Zinc Co., Palmerton, Pa. a 

S. D. Gehman, Goodyear Tire and Rubber Co., Akron, Ohio 

G. S$. Haslam, New Jersey Zinc Co., Palmerton, Pa. 

J. M. Jackson, V. L. Smithers, Inc., Akron, Ohio 

W. J. Latimore, C. K. Williams Co., Easton, Pa. 

P. P. McClellan, Firestone Tire and Rubber Co., Akron, Ohio 

T. C. Morris, Goodyear Tire and Rubber Co., Akron, Ohio 


C.R. Park, Firestone Tire and Rubber Co., Akron, Ohio 
L. H. Willisford, Goodyear Tire and Rubber Co., Akron, Ohio 


tudy of Variations in Cell Depth Measurements: 


The first work of the committee was to check the possible variation in 
measurement of cell depth when the observations are made by experienced 
observers. In conducting this work, standard Zeiss quartz cells were filled 
with a zinc oxide suspension properly enclosed in a Zeiss chamber holder. 
These five cells, thus assembled, were then sent in turn to each of the 
committee members for measurement of cell depth. 

The results obtained were very unsatisfactory. From them and from 
‘ae comments of the participants, two conclusions were drawn, as follows: 

1. The results clearly indicated a change in the depth of the cells which 
‘pparently arose from handling, mailing and so forth. 
**Measurement of Average Particle Size of Fine Pigments,"’ /ndustrial and Engi- 
‘ering Chemistry, Analytical Edition, Vol. 4, p. 157 (1932). 

P 133 (497) 
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Measurements were made by the same observers in the same laboratory 
but the observations were separated by an interval of about three months; 
the cell depths obviously changed between the two measurements. This 
change over a relatively long period is of course not serious because in the 
ordinary course of events all measurements on a cell will be completed 
within a few hours. This change became serious only because of the 
attempted check-work of the committee. 

2. In spite of the change in the depth of the cell, the results als 
indicated a lack of agreement between different observers. 

There was a good possibility that the cells varied erratically in depth 
from one time to another and because the committee was not primarily 
interested in such variations but was primarily concerned with the problem 
of how close different observers in different laboratories could check each 
other, it was decided that this primary aim could best be accomplished by 
making measurements on an invariable cell. Any further work of depth 
measurements in liquid cells was then abandoned and the committee made 
up permanent solid cells as follows: 

A small drop of dilute India ink was allowed to dry on the surface of 
a microscope slide and another on a cover glass; the cover glass was then 
cemented to the slide, with one drop directly over the other, by means of 
molten arochlor. By pressing the cover glass down while the arochlor 
hardened, it was possible to obtain cells in which the depth varied from 
3 to 14 microns. . 

When a slide so prepared was examined in a dark field microscope, the 
top surface of the slide and the bottom surface of the cover glass could be 
readily located and if an objective of the proper kind (4 mm. or higher, 
was used with a 20 X or 30X ocular, the distance between these two surfaces 
could be measured readily by means of the fine adjustment. 

Six such cells were prepared and sent to the committee members. 
The results of the measurements were as follows: 

TABLE I.—LABORATORY MEASUREMENTS OF APPARENT DEPTH, IN MICRONS.? 


LABORATORY 
No. 


3. 
7. 
12. 
9. 


eH 


@ Measurements corrected to same immersion medium. 
6 Cell E was broken in transit. 


These measurements showed a satisfactory agreement between differ | 
ent observers in different laboratories and appeared to confirm, beyond any 
reasonable doubt, the fact that any two experienced observers can closely 
check on the measurement of cell depth by using the fine adjustment on 4 


microscove in good working condition. 
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Cleaning of Quartz Cell: 


In the proposed method, Section 5 (a), a method for cleaning the 
quartz cell has been given. ‘This is one point on which the members of the 
committee are at considerable variance and the methods used and developed 
by the committee as satisfactory do not correspond to those recommended 
by the manufacturers. 

A rather considerable amount of discussion has been carried on with 
Mr. W. G. Marquette of The Zeiss Co. and an effort is now being made to 
prepare a cell having surfaces which are more nearly free from any scratches 
or imperfections. This work is being carried out in Germany and the 
results of this investigation are not available at the time of the prepara- 
tion of this report. 

The committee has agreed that with the development of the method 
an efiort should be made to contact all manufacturers of optical equipment 
and present the problem of preparing a more suitable cell, having the 
dimensions desired, and to develop methods of cleaning which are more 
satisfactory and can be more generally applied than those now in use. As 
a substitute procedure for the one given in the proposed method, the fol- 

lowing procedure has been found in one laboratory to give fairly satis- 
factory results: 

Immerse the cell and cover glass in ether for a few minutes, and then remove 
hem and scrub each thoroughly with liquid soap. This may be accomplished by 

cing the piece being washed in a suitable cavity in a slab of rubber and rubbing 
r5 to 10 min. with the tip of the finger. After scrubbing, rinse the cell and cover 


glass in distilled water and place in acetic acid for at least 5 min. Then dry them 
y dipping each in ethyl alcohol followed by ether and wiping with lens paper. 


Measurements of Average Particle Diameter: 


The next work of the committee consisted of the actual measurement 
{several common pigments by the proposed method. 

Master batches, properly diluted with rubber, and ready for cement 
making were sent to the committee members with directions for the pro- 
portions to be used in cement making and for dilution of the cement with 
Nujol mineral oil. ‘These quantities and directions were as follows: a 


AMOUNTS OF 


RATIO, CEMENT AND OIL 
PIGMENT TO WEIGHT OF UJOL 
PIGMENT RUBBER Mix, G. XYLENE, ML. CEMENT, G. MINERAL OIL, 6. 
33 carbon black.......... 30:70 0.45 40 


50:50 l 100 0.85 40 


_ The committee members reported on the average particle an 
ot these pigments as shown in Table II. The average of these se results and 
the greatest deviation are also shown in Table II. : 


No. 7 
3.4 
4.1 | 
8.1 
b 
8.0 
differ- 
nd any | 
closely | 
nt on 4 
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The committee frankly states that the results are neither in as good 
agreement as it believes they should be nor as it is probably possible 
to obtain. 

The primary reason for any lack of agreement in such results lies in 
the observation of the smallest particles. Particles smaller than 02 
micron are difficult to see and the pigments on which results have been 
reported contain a large number of extremely small particles, probably as 
small as 0.03 micron at least. Results of measuring the average particle 
size of such materials will vary, depending on the number of the smallest 
particles seen and counted by a given observer under given conditions. 

In cooperative work such as here reported, where the optical apparatus 
and pigments are the same, the important factors in obtaining discordant 


results are as follows: : 
1. Possible agglomeration of the pigment. 


2. Unequal distribution in the diluted cement. 


TABLE II.—LABORATORY MEASUREMENTS OF AVERAGE PARTICLE DIAMETERS OF 


PIGMENTS, IN MICRONS. 
LABORATORY 


No. 2 No. 3 No. 4 
P-33 carbon black : 0.173 0.145 0.184 0.170 
Zinc oxide! , 0.155 0.143 0.177 
Channel black ; 0.094 0.086 0.079 
GREATEST 
DEVIATION GREATEST 


AVERAGE, FROM AVERAGE, DEVIATION, 
MICRON MICRON PER CENT 


P-33 carbon black , 0.019 12 
Zinc oxide! . 0.032 22 
0.018 24 Dis 
3. Different brilliancy of the particles which results in a different 
count of the smallest particles and which is dependent on: com 
(a) the intrinsic intensity of the light source; Wh 
_ (6) the centering of the light and condenser; and _ the 
(c) retinal sensitivity of the observer. diffi 
On the basis of certain information which the committee has, it is Pro) 
believed that factors 1 and 2 above are of least importance in the present 
work, although the committee intends to check these possibilities carefully 
by further work. 
Factor 3 can be and probably is very important. It has been found 
for example, with P-33 carbon black, that by making counts with an arc 
lamp and with a ribbon filament lamp, where the difference in intensity is of 
the order of 10 to 1, the average count is twice as large with the arc lamp. 
That the difference in values is the result of counting the smallest 
particles is indicated by the committee’s results on two pigments which 


1 The zinc oxide conformed to the Standard Specifications for Zinc Oxide (A.S.T.M. Designation: D 79), 


see 1933 Book of A.S.T.M. Standards, Part II, p. 538. 
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contain fewer of the extremely small particles than do the three pigments 
on which results have been given above. It should be noted that these 
results were not included in Table II because both pigments contain 
particles larger than 2 microns. 
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TaBLE III.—LABORATORY MEASUREMENTS OF PARTICLE DIAMETERS OF PIGMENTS, IN 


MICRONS. 
LABORATORY 
PIGMENTS No. 1 No. 2 No. 3 No. 4 No. 5 


The results on these pigments are in much closer agreement (except 
for laboratory No. 1 on blanc fixe) than the results on the finer pigments 
f Table IT. 


-% 
whe %s ¢ 


Pigment No. 1. Pigment No. 2. 


Fic. 1.—Photomicrographs of Pigment Nos. 1 and 2 (x 1285). 


Discussion of Method and Further Studies: 


It is clear from this discussion that further work must be done by the 
mmittee to find out exactly the magnitude of all possible sources of error. 
While the results here reported are not entirely unsatisfactory, neither are 
they entirely successful. In a subsequent report it is hoped that all of these 
difficulties may be recognized more exactly so that the accuracy of the 
proposed method may be improved. 

The committee desires to call attention to the fact that considerable 
are should be exercised in the application and interpretation of any data 
accumulated by this method. The following example is a special con- 
tribution of one member! of the committee: 

As pointed out in the description of the proposed method, appended hereto, the 
average diameter measured by this procedure represents that average which is a 
‘unction of the number of particles per gram of pigment. As an example of the 
lificulty which may be encountered in the interpretation of the results, the pigments 


‘08. 1 and 2 illustrated in Fig. 1 are cited. Considerable work has been done to 
‘xplain differences in physical properties noted when these two pigments are incor- 


‘Mr. G. S. Haslam, New Jersey Zinc Co. 
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a porated in rubber. A detailed discussion of the physical properties is unnecessary, 
“let it suffice to say that stress-strain properties, abrasion and tear resistance, flexing 


140 


Resistance 


Abrasion 
a 
ro) 


0 0.1 0.2 0.3 0.4 0.5 06 
Particle Size, microns 
Fic. 2.—Particle Size versus Abrasion Resistance for Zinc Oxide. 
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Time of Reheat, min. 


Fic. 3.—Showing the Effect of Reheating Kadox Zinc Oxide at Several Temperatures for 
Varying Lengths of Time. 


life and Banbury dispersion are not the same in each case and that pigment No. ! 
is superior in some respects and pigment No. 2 in others. 
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In an effort to explain these differences, tests have been carried out on the Stutz- 
Pfund turbidimeter. Pigment No. 1 requires a lower concentration of pigment than 
pigment No. 2 to give the same opacity. Pigment No. 2, however, shows a greater 
light scattering power in suspension, indicating the presence of a greater proportion 
of fines. The use of the centrifuge confirms this conclusion in that a greater amount 
of colloidal zinc oxide remains in suspension with pigment No. 2 after a given period 
of centrifuging. Examination of the two photomicrographs permit the conclusion 
that pigment No. 2 contains both coarser and finer particles than pigment No. 1. 
In the face of these several tests, it is obvious that there is a difference between the 
two pigments in question, and that the differences are capable of causing differences 
in physical properties of rubber compounded with them. The count method under 


Zinc Oxide After Heating i 
| Onde Before Heatin 79 
0.16 | 
£0.14 
Micronex 
0.10 L——* | 
0.08 | 
0.06 | | 
0 


Stearic Acid, percent 


Fic. 4.—Effect of Increase Percentage of Stearic 
Acid on Particle Size Measurement. 


discussion shows the average particle size of these pigments to be essentially the same, 
namely, 0.283 micron for pigment No. 1 and 0.274 micron for pigment No. 2. 

The lack of agreement between particle size measurement by the proposed 
method and the observed physical properties is due to the question of distribution. 
Values obtained by the proposed method must therefore be used with this considera- 
tion in mind. ‘The two pigments in question were made by quite different processes 
under different operating conditions, and the variation in distribution is much greater 
than would be accounted for in any given process under similar operating conditions. 

As an illustration of the circumstances under which the test has real significance, 
4 chart showing the relationship between abrasion resistance and particle size, as 
determined by this method, is shown in Fig. 2. The pigments were all made under 
similar conditions and a very satisfactory relationship between physical properties 
and particle size obtained. This is further illustrated in Fig. 3, which shows the 
relations between time and temperature of calcination of zinc oxide and the resulting 
particle size. 
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The committee has given considerable thought to the restrictions 
which must be placed on the application of this proposed method with 
the facts in mind of such examples as the one just described. For the 
present the scope of the proposed method has been limited to material 
wherein all of the particles are 2 microns or less in diameter. If upon 
further consideration it appears desirable to modify this limitation, such 
changes will be considered and any recommendations that appear to be 
warranted made in subsequent reports. 

In an effort to determine the effect of a varying fatty acid content of 
the rubber, the experiments shown in Fig. 4 were carried out. Stearic acid 
was added to the pigment-rubber mix in amounts up to 5 per cent on the 
weight of the rubber. In the case of zinc oxide, little or no change was 
noted if the rubber-pigment mix was held at relatively low temperatures. 
If, however, the mix was held at 70 C. for several hours, an increase in 
particle size was obtained due to the fact that the finer particles of zinc 
oxide went into solution and were no longer counted. 

An increase in particle size with increasing amounts of stearic acid 
was noted in the case of a channel gas black. In this case, the more 
logical explanation would be that increasing the stearic acid would cause a 
poorer dispersion of the black, an observation which has been made in 
literature by several workers. 

The method would lend itself, therefore, to fundamental studies such 
as these briefly discussed investigations. 


Respectfully submitted, 
R. P. ALLEN, 
G. S. HASLAM, 


Co-chairmen. 
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APPENDIX 


ch 

PROPOSED METHOD OF MEASUREMENT OF AVERAGE PARTICLE 

of DIAMETER OF SUB-SIEVE PARTICULATE SUBSTANCES BY 

J 


DARK FIELD METHODS! 


he This is a proposed draft and is published as information only. Comments are solic- 
ited and should be addressed to the Headquarters of the Society, 260 S. Broad St., 
as Philadelphia, Pa. 


7 1. Scope-—(a) This method of test is intended for determining the particle size, 
In subsequently defined, of particulate substances in absolute units, in so far as the 
nc particle shape will permit. The specific gravities of the materials must be known. 
(b) The method applies in its entirety to homogeneous materials having a par- 
“id ticle size range hereinafter specified. Heterogeneous materials may be measured 
only if specific gravities of the several components are equal, or nearly so, and have 
- the particle size range specified (Note). 
ey Note.—As an example, a lithopone, which is chemically heterogeneous, both com- 
in ponents being of nearly the same gravity, having a particle size range of about 0.2 to 1.5 
microns may be measured by this method. On the other hand, a calcium-sulfate base 
pigment containing titanium oxide or zinc sulfide cannot be measured because of the 
ich difference in gravity of the two components, although the particle size range may be 
satisfactory. 


(c) The method applies primarily to materials wherein all of the particles are 
2 microns or less in diameter. 

(d) With materials having a maximum particle diameter of 2 microns, no re- 
striction is (for the present) placed on shape. 

2. Definitions—(a) Dispersion, in microscopy, refers to the completeness of 
separation of the individual particles in the dispersing or mounting medium. 

(b) Individual Particle refers to those minute units of matter (of which the 
material is composed) whose size and shape depend only on the forces of cohesion. 
Such particle cannot be subdivided without separating like molecules that are within 
the range of the cohesive attraction of one another. 

(c) Ultimate Working Unit may be an individual particle or it may be any 
group of individual particles that are so firmly held together by forces of adhesion 
that they remain intact as a group throughout the duration of their application. 

_ (d) Aggregate is any group of two or more attached particles. There are three 
lorms of aggregates, namely, ultimate working unit, flocculate, and apparent flocculate. 


Note.—Flocculation occurs only where particles have been incorporated in a liquid 
or plastic medium. A flocculate is a group of particles held together by a force apparently 
anising from interfacial tension. This force of flocculation is relatively weak, consequently 
focculates do not function as large individual particles, and cannot be classified under 
ultimate working units. Under slight continuously applied force flocculates are constantly 
oreaking down and reforming. Apparent flocculates as found in gas-floated or air-floated 
particles show a somewhat similar type of aggregation. Usually the force of attraction 


between the particles is relatively weak and the particles can readily be dispersed in suitable 


~__ | Under the standardization procedure of the Society, this method is under the jurisdiction of the A.S.T.M. 
“mmittee E-1 on Methods of Testing. 
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media. For practical purposes, the more inclusive term, aggregate, is preferable to 
flocculate for gas-floated or air-floated particles. 


(e) Average Diameter is the diameter of a hypothetical particle which, in so: 


particular way, represents the total mass of particles. 


(f) Non-uniformity or a non-uniform particulate substance is one in which t 


constituent particles differ from one another in diameters. 


3. Average Particle Diameter—The average particle diameter is based on 1 


number of particles per gram and is, therefore, a function of the average volun 
the particle; that is, the average diameter used in this method is the diameter : 


hypothetical sphere such that the volume of m such spheres is equal to the actu 


volume of particles.1 Mathematically expressed it is: 


nds 
Dn 


4. Preparation of the Mount.—(a) The pigment of which the average partic 


diameter is to be measured shall be milled into clean pale crepe rubber in a suit 
concentration which varies usually from 30 to 60 per cent depending on the size 


specific gravity of the pigment. The batch shall be remilled on a cold mill and ther 
examined microscopically. The method of Allen? is a convenient one for preparit 
sections for this examination. The examination is made for the purpose of deter 


mining the excellence of dispersion and to observe the range of sizes and the maxit 
size of particle. Remilling shall be continued or repeated until the dispersior 
perfect. Suitable softening or dispersing agents may be used if desired. 

(b) The master batch shall be diluted with clean pale crepe rubber and n 
until it will dissolve in xylene to give a smooth, completely soluble cement. 
dilution with pale crepe will vary from about 1 part of master batch to 4 part 
rubber to 1 part of master batch to 2 parts of rubber. 

(c) In making up the xylene cement, the aim should be to obtain a pigment 
centration of about 1 to 5 per cent. The weighing of the master batch shall be1 
on an analytical balance to the nearest 0.01 g. 

(d) The xylene cement shall be diluted with Nujol or equivalent mineral oil 
or two drops of the cement being added to a suitable amount of the oil. The weis 
shall be carried out on an analytical balance. A small glass-stoppered Erlenn 
flask is satisfactory in which to perform the weighing. Vigorous shaking with : 
standing will result in complete dispersion of the pigment. The final concentr: 
shall be such that about 20 to 30 particles will appear in the field. 

5. Counting of the Particles—(a) The quartz chamber* must be first scruj 
lously cleaned. The cell and the cover glass shall be heated for several minutes 
dichromate cleaning solution, rinsed twice in hot distilled water and dried over : 
plate after immersion in absolute alcohol. 

(b) The cell shall be placed in the chamber holder, a small drop of the oil sus 
sion added, the quartz cover glass then placed in position and the chamber hi 
screwed down. 

(c) The microscope in which the cell is to be observed shall be equipped w 
cardoid condenser, a 3-mm. glycerol immersion objective, a 20 or 30 X ocul 
which is placed either an Ehrlich stop or a suitable ocular micrometer marked 
squares, and an arc lamp should be used for illumination. 


., 1 For a more complete discussion see the Tentative Method of Analysis for the Particle Size an¢ 
tribution of Sub-Sieve Size Particulate Substances (A.S.T.M. Designation: E 20-33 T), Proceedings 
Soc. Testing Mats., Vol. 33, Part I, p. 989 (1933); also 1935 Book of A.S.T.M. Tentative Standards, p- 

? Allen, “Method of Making Micro-Sections of Rubber Stocks,” Industrial and Engineering Cher 
Analytical Edition, Vol. 2, p. 311 (1930). 
* Zeiss, Leitz, cr Bausch & Lomb chambers are suitable. 
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(d) The cell depth shall be measured by means of the graduated fine adjustment 
of the microscope. The instrument shall be first focussed on the under side of the 
cover slip and the fine adjustment reading noted; the tube shall be then lowered 
slowly to the point where the lowest particles in the cell, that is, the bottom surface 
of the cell, are in focus and the fine adjustment reading noted. The difference in 
the two readings multiplied by the proper factor (which will be given on the fine 
adjustment arm) gives the apparent cell depth. Two such readings shall also be 
obtained by focussing up from bottom to top. In every case the tube shall be moved 
only in one direction when making readings, to eliminate any possible error caused 
by back-play. The apparent depth shall be thus measured twice in each direction 
and the results averaged. 

(e) The value of the apparent depth having been obtained, the true depth of the 
cell is found by the following formula: . 


Nu Xt 
where T = the corrected depth in microns 
t = the measured movement of the tube in microns >. 


Nu 
N, 


the refractive index of the dispersion medium 
the refractive index of the immersion medium between the cover glass 
and the front lens of the objectives 


Note.—In the method as here given using a glycerol immersion objective and with a 
Nujol or equivalent oil suspension, this corrective factor is practically 1. 


(f) The number of particles in a selected volume defined by the Ehrlich stop 
or ruled area of the ocular micrometer and the depth of the cell, shall be counted by 
slowly focussing up or down from top to bottom of the cell. Care should be observed 
to accommodate the eyes before starting the count, so that the faintest particles 
may be seen. A hand counter will be found helpful in recording the number of 
particles. Enough fields selected at random shall be counted to guarantee a true 

erage. This may vary from 10 to 50, depending on the uniformity of the pigment 
nder consideration. 

6. Calculation of Results —The value for the average particle diameter is obtained 

m the foregoing data by use of the following formula: 


3 
™ pn 
iere D = the average diameter in microns 7 
C = the concentration of pigment, in grams per cubic centimeter 
p = the density of the pigment 
n = the average of at least 10 fields, in particles per field 
V = the volume of the field counted, in cubic centimeters 
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REPORT OF COMMITTEE E-2 
ON 
SPECTROGRAPHIC ANALYSIS 

Committee E-2 on Spectrographic Analysis held only one meeting dur- 
ing the year, at the annual meeting of the Society at Atlantic City, N. J., 
on June 26, 1934. No definite action was taken at that time with regard 
to standards, and the work of the committee during the year has been con- 
fined to the activities of subcommittees, which are briefly summarized in 
this report. 

It is with regret that the committee records the death in October, 
1934, of Mr. L. G. Morell, of the Dow Chemical Co., whose long and varied 


experience and whose enthusiastic willingness to cooperate had promised imp 

valuable aid in the work of the committee. tion 
Five new members have been elected during the year, one member has 

been lost by resignation and the one member lost by death leave a net com 


increase of three in the membership of the committee which now totals 37. vide 
Subcommittee II on Fundamental Methods and Technique (O. S. Duffen- 


dack, chairman).—This subcommittee held one meeting during the year die- 
in connection with the spectroscopy conference at the Massachusetts Insti- high 
tute of Technology on July 17, 1934. Consideration was given to the mui 
_ project assigned to the subcommittee at the annual meeting, which was the Bas 
preparation of a report critically discussing and comparing the various 
procedures in quantitative analysis that have been proposed, and that are met 
in use in various laboratories with the aim of determining the best methods to | 
of general procedure to serve as a basis for the selection of methods later the 
to be recommended by the committee as Society standards. It was felt yea 
by many of those present that definite conclusions as to the best methods 
of procedure could only be reached after a rather extensive program of ma 
research, preferably in the universities represented on the committee. The wit 
question of whether such a program could be sponsored by the Society and, fro) 
perhaps, financed by contributions from the laboratories which might be hay 
expected to benefit from the results attained, was referred to the chairman on 
of Committee E-2 and the Secretary-Treasurer of the A.S.T.M. Through rep 
later correspondence it was decided that it would be inadvisable at this ex] 
time for the committee to undertake a project of this kind in the way De 
suggested. = 
This subcommittee has also distributed a questionnaire to the members on 


of Committee E-2 in an attempt to learn the essential details of procedure 
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used in the various laboratories, the accuracy and precision of the results 
obtainable by the various methods, and other details that will aid them in 
their study of the whole situation. ‘The results of this work will be re- 
ported. 

Subcommittee III on Quantitative Methods and Applications (M. L. 
Fuller, chairman).—This subcommittee has been very active during the 
year and as a result has formulated preliminary drafts of three proposed 
methods of spectrochemical analysis, as follows: 


Method of Test for Quantitative Spectrochemical Analysis of High 
Grade Pig Lead for Copper, Bismuth, Silver, and Nickel. 

Method of Test for Quantitative Spectrochemical Analysis of Zinc 
for Lead, Iron, and Cadmium. 

Method of Test for Quantitative Spectrochemical Analysis of Zinc 
Alloy Die-Castings for Minor Constituents and Impurities. 


The first is used for the analysis of high grade pig lead for certain 
impurities that are limited by specifications. (See the Tentative Specifica- 
tions for Pig Lead (B 29 — 34 T).) 

The second, which is used for the examination of zinc for the more 
commonly occurring impurities, may be applied to any grade of zinc, pro- 
vided the lead, iron, and cadmium contents are less than 0.1 per cent. 

The third is to be used for the analysis of zinc-base die castings and 
die-casting alloys to insure that the minor constituents are between the 
high and low limits and that deleterious impurities are less than the maxi- 
mum limits permitted by the A.S.T.M. Tentative Specifications for Zinc- 
Base Alloy Die Castings (B 86 — 34 T). 

These several methods will be brought up for discussion at the Detroit 
meeting in the hope that they may be considered suitable for submission 
to the Society for publication as tentative methods.! They are based on 
the experience of laboratories which have used them for a period of several 
years and have found them reliable. 

Subcommittee V on Standards and Pure Materials (‘T. A. Wright, chair- 
man).—This subcommittee has also been active in gathering information 
with regard to available sources, both of pure metals as free as possible 
from contaminating elements and of commercial grades of metals which 
have been analyzed with care so that they may be used as standard samples 
on which to base the quantitative spectrographic methods. No formal 
report of this subcommittee is ready for presentation but the chairman 


expects to have considerable valuable information ready to report at the 
Detroit meeting. 


ectibeequent to the annual meeting Committee E-2 presented to the Society through Committee E-10 
on Standar the three proposed Tentative Methods of Quantitative Spectrochemical Analysis, which were 
accepted for publication as tentative and appear respectively on pp. 1352, 1357 and 1362.—Eb. 
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The committee has arranged as a feature of the annual meeting in 
Detroit a Symposium on Spectrographic Analysis to be held on Friday 
morning, June 28. The program has been arranged with two objects in 
view, one to give those who are working in this field definite information 
as to the methods used by those who are depending upon spectrographic 
analysis for the control of quality in a variety of industries; the other to 
indicate to those not actually engaged in spectrographic work, but inter- 
ested in the possibility of securing more rapid and reliable methods of 
testing, the fact that numerous laboratories have found in the spectrograph 
an invaluable tool that will shorten the time required for analyses and give 
more complete and definite information as to the composition of materials 
than can be obtained in any other way. ‘The symposium will comprise the 
following papers describing methods and details of procedure which have 
been found applicable to the analysis of various metals: 


““Spectrographic Analysis of Steel Samples,” by W. R. Brode, Ohio 
State University. 

“The Use of the Spectrograph in the Platinum Industry,” by H. E. 
Stauss, Baker and Co., Inc. 

“Quantitative Spectrographic Analysis of Magnesium Alloys for Man- 
ganese and Silicon,” by J. S. Owens and T. M. Hess, The Dow 


Chemical Co. 
_ “The Spectrographic Determination of Impurities in Commercial 
Cadmium,” by Frances W. Lamb, Bohn Aluminum and Brass 
Corp. 
“The Purification of Graphite Electrodes for Spectrochemical Use, 
by G. W. Standen and L. Kovach, Jr., The New Jersey Zinc Co. 
“Quantitative Analysis of Non-Ferrous Alloys by Spectroscopi 
Methods,” by R. A. Wolfe, University of Michigan. 
It is hoped through this symposium to create a wider interest and 
confidence in spectrographic methods for the enforcement of the Society's 
specifications. 


This report has been submitted to letter ballot of the committee which 
consists of 37 members; 25 members returned their ballots, all of whom 
voted affirmatively. 
Respectfully submitted on behalf of the committee, _ : 
H. V. 


Chairman. 
C. C. NITCHIE, 


Secretary. 
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REPORT OF COMMITTEE E-4 
ON 


METALLOGRAPHY 


During the year, Committee E-4 on Metallography held one meeting 
in Atlantic City, N. J., on June 26, 1934. A meeting of Subcommittee I 
was held in Philadelphia, Pa., on March 7, 1935, and a meeting of Sub- 
committee VI in New York City, on October 2, 1934. 

During the year, there has been correspondence concerning the work 
of the proposed subcommittee on the structure of tool steels and definite 
progress is being made looking toward undertaking work on this subject. 

Committee E-4 is sponsoring an exhibit of micrographs and photographs 
in connection with the Exhibit of Testing Apparatus and Related Equip- 
ment being held by the Society at the Book-Cadillac Hotel in June, at 
Detroit, Mich., during the annual meeting of the Society. The display 
will include micrographs, macrographs, as well as pictures made by various 
types of X-ray equipment. ‘The display will be in charge of Mr. C. J. 
Tobin, and its success is already assured by the widespread interest among 
the membership of Committee E-4. 


The committee has reviewed the standards under its jurisdiction and 
is considering submitting the following to the American Standards Associa- 


tion for approval as American Standards under the proprietary sponsor- 
ship method: 


Recommended Practice for Thermal Analysis of Steel (E 14 — 33) 


Subcommittee I on Selection and Preparation of Samples (E. H. Dix, Jr., 
chairman).—Subcommittee I has prepared an extensive revision of the 
Standard Methods of Metallographic Testing of Iron and Steel (E 3 — 24) 
and the Standard Methods of Metallographic Testing of Non-Ferrous 
Metals and Alloys (E 5-27). These two standards have been combined 
into a proposed Recommended Practice for Metallographic Testing of 
Ferrous and Non-Ferrous Metals, appended hereto,' which is being recom- 
mended for publication as tentative. Mr. Dix and his assistants deserve 
much praise for their worthy and painstaking endeavors in completing this 
comprehensive compilation of metallographic procedures. 

Subcommittee IV on Photography (Leon Foster, chairman).—This sub- 
committee is engaged in a further study of the Standard Rules Governing 
the Preparation of Micrographs of Metals and Alloys, Including Recom- 
mended Practice for Photography as Applied to Metallography (E 2 ~- 30). 
It is expected that this will result in certain changes being proposed in this 
standard for | publication as tentative. 


‘See p. 1319.—Ep. 
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Subcommittee VI on X-ray Methods (R. F. Mehl, chairman).—Subcom- 
mittee VI has been particularly active this year. A meeting was held in 
New York City, on October 2, 1934, at which a proposed A.S.T.M. X-ray 
Symposium was discussed. As a result of this meeting and after securing 
approval from the Society, it was decided to proceed in accordance with 
the following general plan: 

1. A preliminary symposium will be held at the June meeting in Detroit 
this year. This will not be open to the general membership of the Society. 
Its object will be to review the material which will have been assembled. 

2. A formal symposium will be held at the meeting of the Society in 
June, 1936. This will consist of a series of carefully organized papers, and 
will ultimately appear as a Society publication. 

The object of these symposiums will be to present summary accounts 
of the present status of X-ray methods in the testing of materials in order 
that the real usefulness of such methods may be evaluated. The following 
items are an elaboration of this general statement: 

(a) ‘To describe modern methods and equipment in an elementary way 
in order to assist industries in the application of X-rays to their work. 

(b) To present as many case histories of successful applications as 
possible. 

(c) To compare the usefulness of X-ray methods with the usefulness of 
other methods which may be used alternatively. 

(d) To include the application of radiographic and diffraction methods 
to both metallics and non-metallics. 


512 REPORT OF COMMITTEE E-4 


RECOMMENDATIONS AFFECTING STANDARDS 


The proposed Tentative Recommended Practice for Metallographi 
Testing of Ferrous and Non-Ferrous Metals, appended hereto,! is recom- 
mended for publication as tentative to supersede when adopted as standard 
the existing Standard Methods of Metallographic Testing of Iron and 
Steel (E 3-24) and the Standard Methods of Metallographic Testing of 
Non-Ferrous Metals and Alloys (E 5 - 27). 

This recommendation has been submitted to letter ballot of the com- 
mittee, which consists of 49 members; 39 members returned their ballots, 
all of whom have voted affirmatively. 


This report has been submitted to letter ballot of the committee which 
consists of 49 members; 39 members returned their ballots, all of whom 
have voted affirmatively. 


Respectfully submitted on behalf of the committee, a 
C. H. DAvIs, 
O. E. HARDER, Chairman 
Secretary. 


1See p. 1319.—Ep., 
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REPORT OF COMMITTEE E-9 


RESEARCH 


With this report is presented a brief summary of some of the research 
projects being carried on under the auspices of the Society. A much more 
comprehensive review will be published as a mapptement to the October, 


1935, issue of the Society Bulletin. | | | ew 


Research Committee Activities: 

The Research Committee on Yield Point of Structural Steel has for 
another year been forced to mark time owing to the difficulty in finding 
means for carrying on its program of laboratory work. ‘The committee is 
meeting during this annual meeting of the Society and it is hoped that 
the way may be made clear for the completion of the investigative program 
of the committee. The general subject of elastic strength of metals and 
the significance of such properties as elastic limit, proportional limit, yield 
strength and yield point, is assuming increasing importance and its im- 
portance has been recognized by arrangements made by the Committee on 
Papers and Publications for a discussion at this annual meeting on “The 
Significance of Yield Strength of Metals in Design and Specifications.” 

The Research Committee on Fatigue of Metals is reporting! currently 
to the Society at this annual meeting. It has continued its cooperation 
with Metals and Alloys in the preparation of abstracts of articles dealing 
with fatigue of metals and in planning and preparing critical abstracts on 
the subject. The committee further is cooperating with Committee E-4 
on Metallography on the use of X-ray methods as a means of detecting 
impending fatigue failure. A progress report on this cooperative work is 
included in the annual report of the research committee. Finally, the com- 
mittee has prepared what promises to be a very useful report entitled 
“Notes on Fatigue Tests on Rotating-Beam Testing Machines.’? These 
hotes are in the nature of recommended practices rather than standard 
methods of testing, although the development of such methods may con- 
ceivably grow from this preliminary statement of the subject. 

The Joint Committee on Investigation of the Effect of Phosphorus 
and Sulfur in Steel completed a year ago the projects that were actively 


1See p. 111.—Ep. 
*See p. 113.—Ep. 
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514 REPORT OF COMMITTEE E-9 
before it and has undertaken no new work during the year. It is hoped 
that when commercial conditions improve the projected study of effect of 
phosphorus in steel castings may be undertaken. 

The Joint Research Committee of the A.S.M.E. and A.S.T.M. on 
Effect of Temperature on the Properties of Metals has prepared a com- 
prehensive report! of its activities for the year, which is being presented to 
the Society at this annual meeting. Investigations sponsored by the com- 
mittee at Battelle Memorial Institute have been continued during the 
year, as outlined in the committee’s report. One phase of the study, 
dealing with embrittlement of austenitic nickel-chromium steels as a result 
of prolonged exposure to high temperatures, has been completed and a sum- 
mary of the findings published with the committee’s report. The Joint 
Committee has reviewed during the year the Tentative Methods of Test 
for Short-Time (FE 21 — 34 T) and Long-Time (Creep) High-Temperature 
Tension Tests of Metallic Materials (KE 22-34 T) written by the com- 
mittee, accepted as tentative in 1933 on the recommendation of the Joint 
Committee and revised last year. The committee this year is proposing 
a number of changes and additions that seem desirable in the second of 
these two methods.? As an aid to the user of this method the committee 
has prepared a brief description of the generally recognized practices in 
matters dealing with evaluation or interpretation of creep test data. 


Research Projects by Standing Committees: 

One of the functions of Committee E-9 is to review annually the progress 
of the Society’s research activities. These activities have been steadily 
growing, numbering last fall something over 100. A brief statement ol 
the status of each of those projects was published in a supplement to the 
October, 1934, Bulletin. Project cards for each of these research activities 
are maintained in the office of the Secretary-Treasurer and are brought up 
to date annually by review of the reports of the standing committees. It 
is planned to publish a revised and up-to-date review of the current re- 
search projects as a supplement to the October, 1935, Bulletin. Members 
of the Society should refer to that review for a comprehensive picture of 
the nature of and progress being made in these numerous researches. 


New Aciivities: 

Committee E-9 has been seeking to promote further interest in two 
matters that it believes to be of importance. The first of these is a critical 
and extended study of the effect of speed of loading in determining the 
properties of masonry materials. As the outcome of a conference held last 
December under the auspices of the committee it is hoped that ways and 


1 See p. 121.—Eb. 
2 The revised method appears o 


n p. 1291.—Eb. 
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ed means can be found for the institution of a study of this matter under the 
of sponsorship of the committee in cooperation with the Section on Effect 


of Speed of Testing functioning under Committee E-1 on Methods of 
Testing. ‘The committee is prepared to contribute from the Research Fund 


m- of the Society in support of a study of the subject that gives promise of 

to providing the desired information. 

m The second matter has to do with the durability of masonry materials 

he and especially the importance of fundamental studies to determine what 

ly, takes place in these materials when subjected to the commonly-used _ 
alt accelerated weathering tests. This subject likewise was discussed at a 

m- conference held last December under the auspices of the committee, which 

nt included members of the Society’s Coordinating Committee on Weathering 

st Characteristics of Masonry Materials and representatives from interested 

re standing committees, and it seemed clear that such studies would be needed 

m- before it would be possible to unify the present test methods for accelerated 

nt weathering and correlate laboratory with field results. 

ng At the present time durability is predicted upon the basis of strength, 

of usually compressive, porosity (or total absorption), rate of absorption, and 

€€ disintegration following cycles of freezing and thawing of water or crystalliza- 
in tion and solution of salts. Very many data are available on some of these 


items and less on others. Thus, many compressive strength results and 
total absorption values are at hand. Fewer data are available regarding 
tensile strength and rate of absorption. ‘The data secured from freezing- 
- and-thawing tests are difficult of interpretation and correlation, due to the 


ly lack of uniformity in test procedure. 

of It would seem needful, therefore, to study rather critically, in some 
he cases, certain of the test procedures to determine if possible what method 
es should be followed to duplicate field results as nearly as possible. This 
1p applies especially to freezing-and-thawing (crystallization and_ solution) 
It test methods. In the case of tensile strength and rate of absorption many 
data are needed. 

rs The conference outlined three investigations that it believes can be 
a most advantageously carried out: rates of absorption, tension tests and 


ireezing-and-thawing tests. Of these the last is especially needed and must 
be done before such tests can be placed upon a proper basis. It is believed 
that there are one or more well-equipped institutions which, with an acces- 
sory fund of about $2500 per annum, could make considerable headway in 
obtaining these data, and other institutions which would require somewhat 


he heavier subsidies. It would seem that to carry out the work properly 
st and effectively some financial assistance might be made by interested in- 
id dustries or groups having charge of funds for aiding research if the matter 


were brought to their attention. 
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Miscellaneous Administrative Matters: 

The term of H. C. Mougey expired in June, 1934, and R. W. Crum 
was appointed to membership in his place. 

The term of H. F. Moore expires at the close of this annual meeting; 
appointment of his successor will be made by the Executive Committee. 
In noting the termination of Professor Moore’s membership, the committee 
wishes to call attention to the outstanding services that he has rendered to 
the committee and to the Society in the work of this committee. He 
has been a member of the committee continuously during the eleven years 
since the committee was organized in 1924 and he served as chairman of 
the committee for ten years. Such a record of useful service in the interest 
of the Society’s research activities should not go unnoticed and the com- 
mittee is glad to record its appreciation of these years of service as member 
and chairman. 

The principal of the A.S.T.M. Research Fund is $8179.35. The balance 

of income as of May 31, 1935, is $1712.28. 


Respectfully submitted on behalf of the committee, 


P. H. BatEs, 
Chairman. 
C. L. Warwick, 


Secretary. 


June, 1935. 
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REPORT OF COMMITTEE E-10 
ON 
STANDARDS 


The activities of Committee E-10 on Standards during the past year 
are set forth under the following heads: Review of A.S.T.M. standardiza- 
tion activities, consideration of new and revised standards and tentative 
standards, promotion and expansion of standardization activities, and rela- 
tions with American Standards Association. 

As will be noted, a very considerable number of new tentative stand- 
ards and revisions of existing standards and tentative standards have been 
submitted to Committee E-10 during the year for approval. For the most 
part these were considered at the regular meeting of the committee held 
in Philadelphia, Pa., on August 22, 1934, although a number of the standards 
were handled by correspondence in instances where a very clear case had 
been submitted by the standing committees concerned. In addition to this 
regular meeting a special meeting was held on May 6, 1935, in conjunction 
with the Standardization Committee of the American Railway Engineering 
Association. ‘This latter meeting proved to be a most interesting one at 
which various problems relating to standardization, of mutual interest to 
the two societies, were discussed. ‘These discussions should lead to even 
greater cooperation between the two societies than existed in the past. 

In the 1934 report! of Committee E-10, mention was made of the possi- 
bility of publishing draft standards as information in the A.S.T.M. Bulletin. 
Since the authorization of this method of publication, one committee of 
the Society has availed itself of this type of publication, namely, Committee 
B-2 on Non-Ferrous Metals and Alloys, on whose recommendation pro- 
posed Specifications for Lead-Coated Copper Sheets were published in the 
January issue of the A.S.T.M. Bulletin. 

Beginning with the annual meeting of the Society in June, 1934, the 
personnel of the committee was placed on a rotational basis and under this 
plan Mr. J. O. Leech of the Carnegie Steel Co. and Mr. J. B. Young of the 
Reading Co. were appointed to serve as members of the committee for a 
three-year term. 


REVIEW OF A.S.T.M. STANDARDIZATION ACTIVITIES 


A general summary of the new tentative standards submitted at the 
1934 annual meeting, of tentative standards advanced to standard and of 


1 Proceedi i 
bie ings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 582 (1934). - 
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revisions in standards was included in the July issue of the A.S.T.M 
Bulletin, together with a review of the standardization work of the various 
committees with statements concerning new standards in prospect. Much 
of the information, particularly in respect to standardization projects in 
development in committees, is furnished by the standing committees sub- 
sequent to the annual meeting and takes advantage of the fact that many 
committees plan their next year’s work at committee meetings held during 
the annual meeting. 

At the present writing, it is possible to make only an approximate 
estimate in terms of new and revised standards of the volume of standardi- 
zation work accomplished during the year and reported to the Society at 
this meeting. ‘The reports of standing committees to be presented at th 
annual meeting include recommendations to the Society substantially 
follows: 
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Tentative standards recommended for adoption as standard 

Revisions of existing standards recommended for adoption as standard 
Standards and tentative standards withdrawn 


There are at present 491 standards and 241 tentative standards of the 


Society, making a total of 732, and if the above recommendations are 
approved this total will become 763. 


CONSIDERATION OF NEW AND REVISED STANDARDS 


Committee E-10, on receiving recommendations from standing com- 
mittees on the submission of new tentative standards or revisions of existing 
tentative standards or standards, reviews them principally to insure that a 
substantial consensus has been reached in the standing committee con- 
cerned. It requires that a complete vote be recorded, analyzed according 
to producers, consumers, and general interests. If there are any negative 
votes, the names of those voting in the negative must be recorded together 
with the reasons for so voting. A report from the standing committee is 
required giving the usual information, setting forth the needs for having 
the standard and on what data the standard is based, that is, whether it 
is based on standards already in existence or on work carried out by the 
committee, etc. 

Proposed new standards approved by Committee E-10 and published 
as tentative during the year are as follows: 

Tentative Specifications for Alloy-Steel Castings for Valves, Flanges and Fittings 
for Service at Temperatures from 750 to 1100 F. (A 157 — 34 T), submitted by Com- 
mittee A-1 on Steel 

Tentative Specifications for Seamless Alloy-Steel Pipe for Service at Temperatur 
from 750 to 1100 F. (A 158 - 34 T), submitted by Committee A-1 
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M Tentative Specifications for Pig Lead (B 29-34 T), submitted by Committee 
B-2 on Non-Ferrous Metals and Alloys 


Tentative Specifications for Copper-Silicon Alloy Plates and Sheets (B 96 - 34 T), 
fuch submitted by Committee B-5 on Copper and Copper Alloys, Cast and Wrought 
$ in Tentative Specifications for Sheet Copper-Silicon Alloy (B 97 — 34 T), submitted 
sub- by Committee B-5 
any Tentative Specifications for Copper-Silicon Alloy Rods, Bars and Shapes (B 98 - 
Me 34 T), submitted by Committee B-5 
Tentative Methods of Chemical Analysis of Portland Cement (C 114-34 T), 
submitted by Committee C-1 on Cement 
nate Tentative Method of Test for Fineness of Portland Cement by Means of the 
irdi- Turbidimeter (C 115 — 34 T), submitted by Committee C-1 
y of Tentative Specifications for Clay Fire Brick for Malleable Furnaces with Re- 
movable Bungs and for Annealing Ovens (C 63 - 34 T), submitted by Committee C-8 


on Refractories 
Tentative Specifications for Clay Fire Brick for Stationary Boiler Service (C 64 — 
34 T), submitted by Committee C-8 
45 Tentative Method of Test for Permanent Linear Change After Reheating of 
Refractory Brick (C 113 —- 34 T), submitted by Committee C-8 
Tentative Specifications for Structural Clay Load-Bearing Wall Tile (C 34- 
34 T), submitted by Committee C-10 on Hollow Masonry Building Units 
17 Tentative Specifications for Structural Clay Non-Load-Bearing Tile (C 56 - 
7” 34 T), submitted by Committee C-10 
Tentative Specifications for Structural Clay Floor Tile (C 57 - 34 T), submitted 
the by Committee C-10 
are Tentative Methods of Sampling and Testing Structural Clay Tile (C 112 - 34 T), 
submitted by Committee C-10 
Tentative Specifications for Fuel Oils (D 396 - 34 T), submitted by Committee 
D-2 on Petroleum Products and Lubricants 
Tentative Specifications for Emulsified Asphalt (For Coarse Aggregate Plant 


_ Mixes) (D 397 - 34 T), submitted by Committee D-4 on Road and Paving Materials 
ting Tentative Specifications for Emulsified Asphalt (For Retread and Coarse Aggre- 
at a gate Mixes) (D 398 — 34 T), submitted by Committee D-4 
con- _ Tentative Specifications for Emulsified Asphalt (Heavy Premix—Summer — 
“a Grade) (D 399 —- 34 T), submitted by Committee D-4 

“ed Tentative Specifications for Emulsified Asphalt (Heavy Premix—Winter Grade) _ 
tive D 400 - 34 T), submitted by Committee D-4 
ther Tentative Specifications for Emulsified Asphalt ((Quick-Setting) for Penetration _ : 
e Is nd Surface Treatment) (D 401 - 34 T), submitted by Committee D-4 
ving Tentative Method of Test for Separation of Liquid Asphaltic Products (D 402 - 
or it 4 T), submitted by Committee D-4 

. Tentative Specifications for Tolerances and Test Methods for Woolen Yarns ; 
the D 403 - 34 T), submitted by Committee D-13 on Textile Materials 
Tentative Specifications for Tolerances and Test Methods for Worsted Yarns — 


hed D 404 - 34 T), submitted by Committee D-13 
Tentative Definitions of Terms Consistency and Plasticity (E 24-34 T), sub- 

mitted by Committee E-1 on Methods of Testing 

sont Revisions of the following existing standards and tentative standards 

vere approved by Committee E-10: 

_ Tentative Specifications for Lap-Welded and Seamless Steel Pipe for High- 

‘€mperature Service (A 106 — 34 T), submitted by Committee A-1 on Steel _ 
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Standard Specifications for Welded and Seamless Steel Pipe (A 53 - 33), sul 


mitted by Committee A-1 


Standard Specifications for Carbon-Steel Castings for Valves, Flanges ; 


Fittings for High-Temperature Service (A 95 - 33), submitted by Committee A-1 


Standard Specifications for Alloy-Steel Bolting Material for High-Temperatur 


Service (A 96 — 33), submitted by Committee A-1 


Standard Specifications for Forged or Rolled Steel Pipe Flanges for High-Tem 


perature Service (A 105 — 33), submitted by Committee A-1 


Standard Specifications for Structural Steel for Ships (A 131-33), submitt 


by Committee A-1 

Standard Specifications for Sand Castings of the Alloy: Copper 88 per cent; 
Tin 8 per cent; Zinc 4 per cent (B 60 — 28), submitted by Committee B-5 on Copper 
and Copper Alloys, Cast and Wrought 


Standard Specifications for Steam or Valve Bronze Sand Castings (B 61 — 28 


submitted by Committee B-5 


Standard Specifications for Composition Brass or Ounce Metal Sand Casti1 
(B 62 - 28), submitted by Committee B-5 
Tentative Specifications for Zinc-Base Alloy Die Castings (B 86 — 34 T), s 


mitted by Committee B-6 on Die-Cast Metals and Alloys 


Tentative Method of Test for Particle Size of Ground Refractory Mater 
(C 92 - 34 T), submitted by Committee C-8 on Refractories 

Tentative Specifications for Refractories for the Construction of Incinerator 
(C 106 - 34 T), submitted by Committee C-8 

Standard Method of Test for Refractory Materials Under Load at High Ter 
peratures (C 16-20), submitted by Committee C-8 

Standard Method of Test for Softening Point of Fire-Clay Brick (C 24 - 33 
submitted by Committee C-8 

Tentative Specifications and Tests for Load-Bearing Concrete Masonry Uni 
(C 90 - 34 T), submitted by Committee C-10 on Hollow Masonry Building: Units 

Tentative Methods of Testing Emulsified Asphalts (D 244-34 T), submitt 
by Committees D-4 on Road and Paving Materials and D-8 on Bituminous Wa 
proofing and Roofing Materials 

Tentative Specifications for Asphalt Roofing Surfaced with Powdered Tal 
Mica (D 224 - 34 T), submitted by Committee D-8 

Tentative Specifications for Asphalt Shingles Surfaced with Coarse Miner 
Granules (D 225 —- 34 T), submitted by Committee D-8 

Tentative Specifications for Asphalt Roofing Surfaced with Fine Mineral Granul! 
(D 248 - 34 T), submitted by Committee D-8 

Tentative Specifications for Asphalt Roofing Surfaced with Coarse Muinet 
Granules (D 249 —- 34 T), submitted by Committee D-8 

Tentative Methods of Testing Untreated Paper Used in Electrical Insulat 


_ (D 202 - 34 T), submitted by Committee D-9 on Electrical Insulating Materials 


Tentative Methods of Testing Sheet and Plate Materials Used in Electr 
Insulation (D 229 - 34 T), submitted by Committee D-9 

Tentative Methods of Testing Electrical Insulating Materials for Resistat 
to Impact (D 256 - 34 T), submitted by Committee D-9 

Standard Methods of Testing Molded Materials Used for Electrical Insulation 
(D 48 — 33), submitted by Committee D-9 

Tentative Specifications for Insulated Wire and Cable: Class AO, 30 per cent 
Hevea Rubber Compound (D 27 - 34 T), submitted by Committee D-11 on Rubber 
Products 
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Tentative Specifications and Tests for Rubber Insulating Tape (D 119 - 34 T), 
submitted by Committee D-11 

Tentative Specifications for Insulated Wire and Cable: Performance Rubber 
Compound (D 353 —- 34 T), submitted by Committee D-11 

Tentative Methods of Test for Abrasion Resistance of Rubber Compounds 
D 394 - 34 T), submitted by Committee D-11 

Tentative Method of Estimating Hard Scoured Wool in Wool in the Grease 
‘D 232 - 34 T), submitted by Committee D-13 on Textile Materials 

Tentative Specifications for Asbestos Roving (D 375-34 T), submitted by 
Committee D-13 

Standard Specifications for Asbestos Yarns (D 299 — 33), submitted by Com- 
mittee D-13 

Standard Specifications for Chafer Tire Fabrics (D 316-34), submitted by 
Committee D-13 

Tentative Methods of Verification of Testing Machines (E 4-34 T), submitted 
by Committee E-1 on Methods of Testing 

Tentative Methods of Impact Testing of Metallic Materials (E 23 - 34 T), sub- 
mitted by Committee E-1 

Tentative Method of Test for Short-Time High-Temperature Tension Tests of 
Metallic Materials (E 21-34 T), submitted by Joint Committee on Effect of Tem- 
erature on the Properties of Metals 

Tentative Method of Test for Long-Time (Creep) High-Temperature Tension 
lests of Metallic Materials (E 22 - 34 T), submitted by Joint Committee on Effect 
f Temperature on the Properties of Metals 


On STANDARDS 


The withdrawal of the following standards was approved by Com- 
ittee K-10: 


Standard Specifications for Pig Lead (B 29-23), on the recommendation of 
mmittee B-2 on Non-Ferrous Metals and Alloys 
Standard Specifications for the Alloy: Copper 88 per cent; Tin 10 per cent; 
“inc 2 per cent (B 10 —- 18), on the recommendation of Committee B-5 on Copper and 
pper Alloys, Cast and Wrought 
Standard Specifications and Tests for Structural Clay Load-Bearing Wall Tile 
34-31), on the recommendation of Committee C-10 on Hollow Masonry Build- 
g Units 
Standard Specifications and Tests for Structural Clay Fireproofing, Partition 
ind Furring Tile (C 56 — 31), on the recommendation of Committee C-10 
Standard Specifications and Tests for Structural Clay Floor Tile (C 57-31), 
n the recommendation of Committee C-10 
Standard Definitions of Terms Relating to Structural Clay Tile (C 43-31), 
n the recommendation of Committee C-10 


PROMOTION AND EXPANSION OF STANDARDIZATION ACTIVITIES 


Of the several subjects referred to in the 1934 report! of the committee 
as having been suggested for development in the Society, the subject of 
gaseous fuels has reached the point where a standing committee has been 
authorized and organization is being effected at the present annual meeting. 
The committee on paper and allied products will probably be organized 


' Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 585 (1934). 
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within the next few months since considerable interest has been expressed 
in this proposed new activity, particularly on the part of the Society’s 
Committee D-9 on Electrical Insulating Materials, which committee would 
wish to see some definite means of cooperation established with the Technical 
Association of the Pulp and Paper Industry. ‘The subject of heat insulating 
materials is also being developed to determine the extent of interest in this 
field. 

While the subject of plastics and synthetic resins has been under dis- 
cussion for several years no steps have as yet been taken to organize a 
committee in this field. ‘There is a possibility that a symposium on this 
subject will be held during the coming year by the New York District 
Committee and this discussion may point the way to further development 
of the subject. 

Mention was made in last year’s report of the committee of the possi- 
bility of a committee on soap, with particular reference to its use as a 
lubricant. Since then the need for standardization of specifications with 
respect to the use of soap and similar compounds as a detergent has been 
emphasized and inquiry is being made of various organizations interested 
to determine whether a committee dealing with detergents should be 
established. 

A number of suggestions from various sources have been referred to 
existing committees for development, namely, specifications for sheet low 
brass to Committee B-5 on Copper and Copper Alloys, Cast and Wrought, 
specifications for plaster bond and the standardization of a test procedure 
for determining fineness of ground mica to Committee D-8 on Bituminous 
Waterproofing and Roofing Materials, and the standardization of the pene- 

tration fracture test for tool steels to Committee E-4 on Metallography. 


RELATIONS WITH AMERICAN STANDARDS ASSOCIATION 


Standards Submitted Under Proprietary Sponsorship Procedure.—The 
proprietary sponsorship procedure for submitting standards to the American 
Standards Association is particularly appropriate for a large number of 
A.S.T.M. standards. A number of standing committees now have under 
consideration the submission of existing A.S.T.M. standards to the A.S.A. 
under this method. The following standards have been approved during 
the year by the A.S.A. as American Standards: 


Standard Specifications for Carbon-Steel Castings for Valves, Flanges and 
Fittings for High-Temperature Service (A 95 — 33) (A.S.A. No. G17.1 — 1934) 

Standard Specifications for Alloy-Steel Bolting Material for High-Temperatur 
Service (A 96 —- 33) (A.S.A. No. G17.2 - 1934) 

Standard Specifications for Forged or Rolled Steel Pipe Flanges for High-Tem- 
perature Service (A 105 — 33) (A.S.A. No. G17.3 - 1934) 

Standard Specifications for Free-Cutting Brass Rod for Use in Screw Machines 
(B 16-29) (A.S.A. No. H8 — 1934) 
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Standard Specifications for Copper Water Tube (B 88 — 33) (A.S.A. No. H23.1 - 
1934) 


Standard General Methods of Testing Woven Textile Fabrics (D 39 — 34) (A.S.A. 
No. L5 1934) 


Standard Submitted Under Sectional Commitiee Procedure.—Reports 
have been received from several of the sectional committees for which the 
Society is sponsor, submitting standards to the A.S.A. for approval. These 
reports have been transmitted to that association and the following stand- 
ards have been approved during the year as American Standards: 

On the Recommendation of Sectional Committee A2 on Fire Tests of Materials and 

Construction: 


Standard Specifications for Fire Tests of Building Construction and Materials 
C 19-33) (A.S.A. No. A2 — 1934) 


On the Recommendation of Sectional Committee C59 on Electrical Insulating Materials: 


Standard Methods of Testing Molded Materials Used for Electrical Insulation 
48 33) (A.S.A. No. C59.1 1935) 

Standard Methods of Testing Electrical Insulating Oils (D 117-33) (A.S.A. 

C59.2 — 1935) 

Standard Methods of Test for Resistivity of Insulating Materials (D 257 — 33) 

A. No. C59.3 — 1935) 

Standard Specifications for Rubber Matting for Use Around Electrical Apparatus 
t Circuits Not Exceeding 3000 Volts to Ground (D 178 — 24) (A.S.A. No. C59.4- 


1935) 


m the Recommendation of Sectional Committee Z11 on Petroleum Products and Lubri- 
cants: 


Standard Method of Test for Cloud and Pour Points (D 97 - 34) (A.S.A. 
Z11.5 — 1934) 


Standard Method of Test for Sulfur in Petroleum Oils by Bomb Method (D 129 - 
34) (A.S.A. No. Z11.13 — 1934) 


Standard Abridged Volume Correction Table for Petroleum Oits (D 206 - 34) 
|AS.A. No. Z11.1 — 1934) 


On the recommendation of Sectional Committee B36 on Standardiza- 
tion of Dimensions and Material of Wrought-Iron and Wrought-Steel Pipe 
and Tubing, the Standard Specifications for Electric-Resistance-Welded 
Steel Pipe (A 135-34), for Lock-Bar Steel Pipe (A 137-34) and for 
Riveted Steel and Wrought-Iron Pipe (A 138-34) have been submitted 
to the A.S.A. for advancement from American Tentative Standard to 
American Standard. 

New Committees Organized.—Authorization was given the Society dur- 
ing the year by the American Standards Association to organize a new 
sectional Committee on Petroleum Products and Lubricants with the 
\.5.T.M. as sole sponsor. This sectional committee is to supersede the 
Present Sectional Committee Z11 on Methods of Testing Petroleum 
Products and Lubricants and Sectional Committee K19 on Specifications 
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for Fuel Oils (Including Diesel Fuel). The new sectional committee will 
have a broader scope than the previous committees and at the same time 
will be organized in such a way as to function more efficiently as a reviewing 
and coordinating body. Invitations have been exténded to the various 
interested bodies to be represented on this committee and it is expected 
that organization will be effected within the next few months. 

A committee of considerable interest to the Society has recently been 
authorized by the Standards Council of the American Standards Associa- 
tion, namely, the Building Code Correlating Committee. One of the pur- 
poses in organizing this committee is to take over some of the functions of 
the former Department of Commerce Building Code Committee which has 
recently been discontinued. The Society will be represented on this com- 
mittee by Mr. R. P. Miller with the Assistant Secretary as alternate. 

On the new Sectional Committee C61 on Electric and Magneti 
Magnitudes and Units, functioning under A.S.A. procedure, the Society 
has appointed as its representatives, Mr. H. L. Curtis and Mr. W. J. 
Shackelton. 

Since the work of the Sectional Committee on Recommended Practice 
for Brick Masonry is now being revived and is expected to include in the 
immediate future some discussion of mortars for masonry, the Society has 
appointed an additional representative on the committee, namely, Mr. R. 
E. Davis, for the purpose of tying in effectively the work of the Society's 
Committee C-12 on Mortars for Unit Masonry. Mr. J. W. Whittemore 
has been designated as alternate. . 
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Respectfully submitted on behalf of the committee, 
T. R. Lawson, 


Chairman. 


C. L. WaRwIck, 
Ex-officio Secretary. 
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TENTATIVE STANDARDS 


ISSUED OR REVISED, 1935 
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. The term Tentative Standard is applied to a proposed 
_ Standard which is printed for one or more years with a view 
of eliciting criticism, of which the committee concerned will 
take due cognizance before recommending final action toward 
its adoption as standard. Proc 

Members of the Society and others are invited to direct 
> written criticism of any of these Tentative Standards to the esse 
i Headquarters of the Society, 260 S. Broad St., Philadelphia, Pa. 
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TENTATIVE SPECIFICATIONS 


FOR 
CARBON-STEEL PLATES FOR BOILERS AND OTHER 
PRESSURE VESSELS FOR STATIONARY SERVICE! 


A.S.T.M. Designation: A 70-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject. to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssueD AS TENTATIVE, 1916; ADOPTED IN AMENDED Form, 1924; ReEvISED, 1927, 1933; 
REISSUED AS TENTATIVE, 1935.? 
Scope 


1. These specifications cover two classes of steel for boilers and other 
pressure vessels for stationary service, namely: flange and firebox, and 
are intended to apply to plates, 33; to 4 in., inclusive, in thickness. = 


Process 


2. The steel shall be made by either or both of the following proc- 
esses: open-hearth or electric-furnace. 


Heat Treatment 


3. (a) Plates over 2 in. in thickness, before being fabricated, shall 
be uniformly heat treated to produce grain refinement. If this treatment 
isnot done at the rolling mill the testing shall be carried out in accordance 
with Paragraph (0). 

(6) When a fabricator, who is equipped to properly perform the work, 
lects to do the required heat treatment for grain refinement he shall so 

licate on his orders to the mill and he shall accept the plates on the 
sis of the mill tests. The plate manufacturer shall make the tests herein 
ecified, the tension and bend test specimens to be prepared from full 
hickness pieces heat treated under conditions he considers appropriate 
r grain refinement and to give the test requirements. ‘The manufacturer 
all inform the fabricator of the procedure followed in treating the pieces 
t the mill for guidance in treating the plates. The required physical 
roperties shall be determined after heat treatment of the plates on speci- 
mens prepared from pieces similarly and simultaneously treated with the 


1Under the standardization procedure of the Society, these specifications are under the jurisdiction of 
A.S.T.M. Committee A-1 on Steel. 


P These specifications are in effect a revision of, and replace the former Standard Specifications for Boiler 
d Pirebox Steel for Stationary Service (A.S.T.M. Designation: A 70 - 33), which standard was accordingly 
“continued in 1935. 


Accepted for publication as tentative by Committee E-10 on Standards, August 22, 1935. 
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plates. Pieces for two complete sets of such tests shall be provided from 
each plate as rolled. 


Chemical Composition 
4. The steel shall conform to the following requirements as to chemical 
composition : 
FLANGE 


For plates } in. and under in thickness......... ec, ae 

Carbon, max., per cent ; For plates over j to 2 in., inclusive, in thickness .... 0.30 

| For plates over 2 to 4 in., inclusive, in thickness .... 0.33 

Phosphorus, max., percent | 0/04 0.083 


Ladle Analyses 

5. An analysis of each melt of steel shall be made by the manufacturer 
to determine the percentages of the elements specified in Section 4. This 
analysis shall be made from a test ingot taken during the pouring of the 
melt. The chemical composition thus determined shall be reported to 
the purchaser or his representative and shall conform to the requirements 
specified in Section 4. 


Check Analyses 

6. An analysis may be made by the purchaser from a broken tension 
test specimen representing each plate as rolled (Note). The chemical 
composition thus determined shall conform to the requirements specified 
in Section 4. 


Note.—The term “plate as rolled,” used here and in Sections 11 (¢) and 12, refers 
to the unit plate rolled from a slab or directly from an ingot in its relation to the location 
and number of specimens; not to its condition. 

Tension Tests 

7. (a) The material shall conform to the following requirements as 

to tensile properties: 


FLANGE FirEBOX 
Tensile strength, Ib. per sq. 55000 to 65000 55 000 to 65 000 
0.5 tens. str. 0.5 tens. str. 
Elongation in 8 in., min., per cent................. 1 500 0002 1 550 000%” 
tens. str. tens. str. 
Elongation in 2 in., min., per cent®............... 1 700 0002 1 750 000° 
‘tens. str. tens. str. 


@ See Section 8 (a) and (c). 


> See Paragraph (c). 
¢ When specimen shown in Fig. 2 is used; see Section 11 (e). 
4 See Section 8 (0). 


(b) Tensile strength only need be determined on the tension test 
specimen taken from the top of firebox plates, and it shall not exceed 
70,000 lb. per sq. in. , 

(c) Should the rule in Paragraph (a) for minimum elongation in 8 it. 
for firebox steel give a value of less than 25 per cent, the minimum allowable 
elongation shall be 25 per cent, subject to the modifications of Section 8 (4). 
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(d) The yield point shall be determined by the drop of the beam or 
halt in the gage of the testing machine. 


Modifications in Elongation 

8. (a) For material over ? to 2 in., inclusive, in thickness, a deduction 
from the percentage of elongation in 8 in. specified in Section 7 (a) and (c) 
of 0.125 per cent shall be made for each increase of 3; in. of the specified 
thickness above ? in., to a minimum of 21 per cent for flange steel and 22 
per cent for firebox steel. 

(b) For material over 2} in. in thickness, a deduction from the per- 
centage of elongation in 2 in. specified i in Section 7 (a) of 0.5 per cent shall 
be made for each increase of } in. of the specified thickness above 2} in. 

(c) For material } in. and under in thickness, the elongation shall be 
measured on a gage length of 24 times the thickness of the specimen. 


Bend Tests 


9. (a) The test specimen shall stand being bent cold through 180 deg. 
without cracking on the outside of the bent portion around a pin, the 
diameter of which shall have the following relation to the thickness of the 
specimen : 


DIAMETER OF PIN 
ABOUT WHICH 


SPECIMEN IS BENT 


THICKNESS OF MATERIAL (t= wae of specimen) 


(b) Bend Test for Universal Edge Rolled Plates When Permitted for 
Double-Butt-Strap Construction.—The test specimen shall stand being bent 
cold through 180 deg. without cracking on the outside of the bent portion 
around a pin, the diameter of which shall have the following relation to 

the thickness of the specimen: . 
DIAMETER OF Pin 
ABOUT WHICH 


SPECIMEN 1S BENT 
THICKNESS OF MATERIAL (t =thickness of specimen) 


Homogeneity Test 

10. (a) The object of the homogeneity test, which is required for fire- 
box steel only, is to open and render visible to the eye any seams due to 
failure to weld up or to interposed foreign matter, or any cavities due to 
gas bubbles in the ingot. The fractured surface of the specimen shall not 
show any single seam or cavity more than } in. in length for plates 4 in. 
and under in thickness, nor more than 3? in. in length for plates over 3 in. 
in thickness, in any of the fractures obtained in accordance sien. 
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graph (b). Each fracture shall be examined and the lengths of the seams 
and cavities determined, a pocket lens being used if necessary. 

(b) The test may be made on a broken tension test specimen when 
an 8-in. gage length specimen is used. For plates over 2 in. in thickness, 
the specimen for homogeneity test shall be taken adjacent, sidewise or 
lengthwise, to the top tension test specimen. For plates ? in. and under 
in thickness the specimen shall be nicked or grooved transversely, in three 
places, about 7g in. deep. The first groove shall be 2 in. from the square 
end, and each succeeding groove on the opposite side about 2 in. from the 
preceding one. For plates over { to 2 in., inclusive, in thickness the 
specimen may be grooved { in. deep, at one place on one side. For plates 
over 2} in. in thickness the specimen may be grooved at one place on both 
sides to leave a fracture which will include the horizontal axis of the plate 
and have a face at least 2 in. in depth. ‘The specimens shall be broken at 
each groove with a hammer or press, the bending being away from the 


groove. 


Parallel Section not less than 9 About 3 
| 


| 
© © @ About 2’ 
| 
84001" Gage Length ---->| 


for Measuring Elongation’ i a 
t = Thickness of Plate ; 
Fic. 1.—Standard 8-in. Gage Length Test Specimen. 7 
Test Specimens 

11. (a) For plates 2 in. and under in thickness the test specimens 
shall be prepared for testing from the material in its rolled condition. 

(b) For plates over 2 in. in thickness the test specimens shall be pre- 
pared from the material in its heat-treated condition, or from full thickness 
samples similarly and simultaneously treated. 

(c) Tension test specimens for firebox steel shall be taken from the 
top and bottom corners of the plate as rolled, parallel to its longitudinal 
axis and for flange steel from the bottom corner of the plate only. Bend 
test specimens shall be taken from the middle of the top of the plate as 
rolled, at right angles to its longitudinal axis. (See Note under Section 6.) 

(d) For plates 2 in. and under in thickness, tension and bend test 
specimens shall be the full thickness of the material and shall be machined 
to the form and dimensions shown in Fig. 1; or the bend test specimens 
may be machined with both edges parallel. 

(e) For plates over 2 in. in thickness, the axis of each tension test 
specimen shall be located midway between the center and the top or bottom 
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surface of the plate; and these specimens shall be machined to the form and 
dimensions shown in Fig. 2. The bend test specimens shall be at least 
1} in. in width, with both edges parallel, and may be reduced to 2 in. in 
thickness; but shall have one surface as rolled. 

(f) The sides of the bend test specimen may have the corners rounded 
to a radius of about 5 in. for plates 2 in. and under in thickness, and to 
about 3 in. for plates over 2 in. in thickness. 


Number of Tests 
12. (a) Two tension and one bend test shall be made from each fire- 
box steel plate as rolled. One tension and one bend test shall be made 
from each flange steel plate as rolled. (See Note under Section 6.) 
(b) If any specimen shows defective machining or develops flaws, it 
may be discarded and another specimen substituted. 


Radius not less 24 
Note:-TheGagelenath, ‘han Parallel Section 
Parallel Section, and 
Shown, but the Ends | 
may be ofany Shape 
to fit the Holders of L---20.005.-- | 
the Testing Machine Gage Length 
in such aWay that the for Elongation 
load shall be axial. atter Fracture 


Fic. 2.—Standard 2-in. Gage Length Tension Test Specimen. 


(c) If the percentage of elongation of any tension test specimen is 
ess than that specified in Section 7 and any part of the fracture is more 
than 2 in. from the center of the gage length of a 2-in. specimen or is out- 
side the middle third of the gage length of an 8-in. specimen as indicated by 
scribe scratches marked on the specimen before testing, a retest shall be 
allowed. 


Permissible Variations in Thickness and Weight 

13. (a) The thickness of each plate shall not vary more than 0.01 in. 
under the thickness ordered. 
‘4 (b) The overweight of each lot! of plates 2 in. and under in thickness 
in each shipment shall not exceed the amount given in Table | One 
cubic inch of rolled steel is assumed to weigh 0.2833 lb. 

(c) Each plate over 2 in. in thickness shall conform to the permissible 
Variations over ordered thickness given in Table II. 


Finish 

14. The finished material shall be free from injurious defects and 
shall have a workmanlike finish. 


'The term “lot” i in. i li the plates of each width 
and group t = Weed as applied to plates 2 in. and under in thickness means all the p of each group 
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Marking 
15. (a) Except as specified in Paragraph (b), the name or brand of 
the manufacturer, the manufacturer’s test identification number, class, 
and lowest tensile strength specified in Section 7 (a) shall be legibly stamped 
on each finished plate in two places not less than 12 in. from the edges 
b and on each butt strap near the center line not less than 12 in. from each 


TABLE I.—PERMISSIBLE OVERWEIGHTS OF PLATES ORDERED TO THICKNESS, 


TABLE II.—PERMISSIBLE VARIATIONS OVER ORDERED THICKNESS OF PLATES 
OVER 2 IN. IN THICKNESS. 
Nore.—Each plate shall not vary more than 0.01 in. under the ordered thickness. 


Permissible Excess in Average Weights per Square Foot of Plates for 
: Widths Given, Expressed in Percentages of Nominal Weights. 
Ordered Ordered 
Thickness, in. Thickness, in, 
5 Under | 48 to 60 to 72 to 84 to 96 to | 108to | 120to | 132in. 
~ 48in. | 60in., | 72in., | 84in., | 96in., | 108in., | 120in., | 132 in., or 
excl, excl. excl. excl. excl, excl. excl. over 

Under } 9 10 12 14 | Under} 
to}, excl. 7 9 10 12 |Petod, excl 
1 2 to 75, excl. 6 7 8 9 10 12 14 16 19 |} to 7g, excl. 
to 2, excl. 5 6 7 8 9 10 12 14 17 | Bs to 3, excl 
2 to exel. 4.5 5 6 7 8 9 10 12 15 to exel. 
, ye to}, excl. 4 4.5 5 6 7 8 9 10 13. | ys tod, excl. 

4 to}, exel. 3.5 4 4.5 5 6 7 8 9 11 |4 to%, exel. 
] tof, exe. | 3 35| 4 5 6 7 8 9 tod, ex 
2 tol, excl. 2.5 3 3.5 4 4.5 5 6 7 8 | % tol, excl. 
1 to2, inel. 2.5 2.5 3 3.5| 4 4.5 5 6 7 |1 to2, inel 


Permissible Excess in Thickness, in. 


Ordered Thickness, in. Width, in. 


Up to 36, | 361060, | 60to84, | 84to 120, | 120 to 132, | 132 to 14, 

excl, excl. excl. excl, excl, exc 
0.062 (Pg) | 0.094 | 0.109 (gz) | 0.125 | 0.125 (2) 
0.078 | 0.094 (xs) | 0.109 | 0.125 (4) | 0.125 (3) | 0.141 
0.094 | 0.125 | @.141 Ce) | 0.141 | 0.156 | 0.172 


end. The manufacturer’s test identification number shal] be legibly 
stamped on each test specimen. 
(b) For plates under } in. in thickness, the marking specified in Para- 
7 graph (a) shall be legibly stenciled instead of stamped. 


= 


Inspection 
16. The inspector representing the purchaser shall have free entry, 
at all times while work on the contract of the purchaser is being performed. 
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to all parts of the manufacturer’s works which concern the manufacture of 
the material ordered. ‘The manufacturer shall afford the inspector, without 
charge, all reasonable facilities to satisfy him that the material is being 
furnished in accordance with these specifications. All tests (except check 
ynalyses) and inspection shall be made at the place of manufacture prior 
to shipment, and shall be so conducted as not to interfere unnecessarily 


17. (a) Unless otherwise specified, any rejection based on tests made 
in accordance with Section 6, shall be reported within five working days 
from the receipt of samples. 

(b) Material which shows injurious defects subsequent to its acceptance 

t the manufacturer’s works will be rejected, and the manufacturer shall be 
tified. 
Rehearing 

18. Samples tested in accordance with Section 6, which represent 

rejected material, shall be preserved for two weeks from date of the test 


report. In case of dissatisfaction with the results of the tests, the manu- 
facturer may make claim for a rehearing within that time. 
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Rejection 
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| TENTATIVE SPECIFICATIONS 
HIGH TENSILE STRENGTH CARBON-STEEL PLATES 
FOR PRESSURE VESSELS! 
a (PLATES 2 IN. AND UNDER IN THICKNESS) S 
: A.S.T.M. Designation: A 149-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Head- 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1933; REVISED, 1935.2 
Scope 


1. These specifications cover two grades of high tensile strength 
-carbon-steel plates ;’; in. to 2 in., inclusive, in thickness, of flange 
and firebox qualities, for boilers and other pressure vessels. The 


term grade is used to distinguish between different tensile ranges. 


Process 


2. The steel shall be made by either or both of the following 
_ processes: open-hearth or electric-furnace. 


_ Chemical Composition : 


3. The steel shall conform to the following maximum require-— 
ments as to chemical composition : 


Grave A Grave B 
_ for plates { in. and under in 
Carbon, per cent 0.30 0.32 
for plates over } in. in thickness... 0.33 0.35 
Phosphorus, per cent : 
Sulfur, per cent Flange 0.05 0.05 
Silicon, per cent......... 0.25 0.25 


1 Under the standardization procedure of the Society, these specifications are under the juris 
diction of the A.S.T.M. Committee A-1 on Steel. 


* Revision accepted by Committee E-10 on Standards, August 22, 1935. 
(534) 
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Ladle Analysis 

4. An analysis of each melt of steel shall be made by the manu- 
facturer to determine the percentages of the elements specified in 
Section 3. This analysis shall be made from a test ingot taken during 
the pouring of the melt. The chemical composition thus determined 
shall be reported to the purchaser or his representative, and shall 


conform to the requirements specified in Section 3. ~ ne 
Check Analysis 


5. An analysis may be made by the purchaser from a broken 
tension test specimen representing each plate as rolled. ‘Lhe chemical 
composition thus determined shall conform to the ‘requirements 
specified in Section 3. 


Tension Tests 


6. (a) The material shall conform to the following requirements 
as to tensile properties: 
GRADE A GRADE B 
Tensile strength, lb. per sq. in 65 000 to 77 000 70 000 to 82 000 
Yield point, min., Ib. per sq. in 0.5 tens. str. 0.5 tens. str. 


1550000 550 0004 
Elongation in 8 in., min., tens. str. tens. str. 


per cent 1 600 0004 1 600 0004 


tens. str. tens. str. 


See Section 7 (a) and 


(b) Tensile strength only need be determined on the tension 
test specimen taken from the top of firebox plates, and it shall not 
exceed 79,000 lb. per sq. in. for Grade A nor 84,000 lb. per sq. in. for 
Grade B. 

(c) The yield point shall be determined by the drop of the beam 
or halt in the gage of the testing machine. 


Modification in Elongation 


7. (a) For plates over ? in. in thickness, a deduction from the 


percentage of elongation specified in Section 6 (a) of 0.125 per cent 
shall be made for each increase of 35 in. of the specified thickness 
above ? in. to a minimum of 18 per cent for flange steel and 19 per 
cent for firebox steel. 

(b) For material } in. and under in thickness, the elongation shall 
be measured on a gage length of 24 times the thickness of the specimen. 
Bend Tests 


8. The test specimen shall stand being bent cold through 180 
deg. without cracking on the outside of the bent portion around a 
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536 SPECIFICATIONS FOR HIGH TENSILE STRENGTH STEEL PLATES 


pin, the diameter of which shall have the following relation to the 
thickness of the specimen: 


Pin DIAMETER 
RATIO: 
THICKNESS OF SPECIMEN 
THICKNESS OF MATERIAL Grade A Grade B 


Homogeneity Tests 


9. (a) The object of the homogeneity test, which is required 
for firebox steel only, is to open and render visible to the eye any 
seams due to failure to weld up or to interposed foreign matter, or 
any cavities due to gas bubbles in the ingot. The fractured surface 
of the specimen shall not show any single seam or cavity more 
than } in. in length for plates } in. and under in thickness, nor more 


---- Parallel Section not less than 9” About 3">| 
| | 


° ° ° ° ° ° About 2” 
| 


j<------8 0.01" Gage Length ---- >| 


for Measuring Elongation’ 
atter Fracture 
& 
: t = Thickness of Plate 
aad Fic. 1.—Standard 8-in. Gage Length Test Specimen. _ 


than 3 in. in length for plates over 3 in. to 2 in. in thickness, in any of 
the fractures obtained in accordance with Paragraph (b). Each 
fracture shall be examined and the lengths of the seams and cavities 

_ determined, a pocket lens being used if necessary. 
(b) The test may be made on a broken tension test specimen. 
For plates ? in. and under in thickness the specimen shall be nicked 
or grooved transversely in three places, about ; in. deep. The first 
_ groove shall be 2 in. from the square end, and each succeeding groove 
on the opposite side about 2 in. from the preceding one. ‘The speci- 
- men shall be broken at each groove in succession with a hammer or 
press, the bending being away from the groove. For plates over 
{ in. to 2 in., inclusive, in thickness, the specimen may be grooved 

about } in. deep at one place on one side. 


Test Specimens 


10. (a) Tension test specimens for firebox material shall be taken 
_ from the top and bottom corners of the plate as rolled, parallel to its 
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longitudinal axis, and for flange material from the bottom corner of 
the plate only. The bend test specimen shall be taken from the 
middle of the top of the plate as rolled, at right angles to its longi- 
tudinal axis. 

(b) Tension and bend test specimens shall be of the full thick- 
ness of material as rolled, and shall be machined to the form and 
dimensions shown in Fig. 1; except that bend test specimens may be 
machined with both edges parallel. The sides of the bend test speci- 


men may have the corners rounded to a radius of about jg in. a 
Number of Tests 


11. (a) Two tension and one bend test shall be made from each 
firebox steel plate as rolled. One tension and one bend test shall 
be made from each flange steel plate as rolled. 


TABLE I.—PERMISSIBLE OVERWEIGHTS OF PLATES ORDERED TO THICKNESS. 


Permissible Excess in Average Weights per Square 
Foot of Plates for Widths Given, Expressed in 
Percentages of Nominal Weights Ordered 
Ordered Thickness, in. Thickness, — 
in. 
48 to | 60 to | 72 to | 84 to | 96 to |108 to} 120 to} 132 in. 
Under] 60 in.,| 72 in.,} 84 in.,| 96 in.,| or 
er 48 in. | excl. | excl. | excl. | excl. | excl. | excl. | excl. | over 
9 10 12 14 Under 4 
to 8 9 10 12 to 76, excel 
6 7 8 10} 12 | 14 16 | 19 tox, “ 
5 6 7 8 9] 10 | 12 14 | 17 | %, “ 
4.5 5 6 7 8} 9 | 10 | 12 | 18 | % 
lg 4| 4.5 5 6 71 4 9 | 10 | 13 |yeto 3, “ 
3.5 4| 4.5 5 6| 7 8 9] 1 |4 tw “ 
3] 3.5 4| 4.5 5| 6 7 8 91; “ 
2.5 3| 3.5 4.5] 5 6 7 sigma. * 
2.5 2.5 3 3.5 4} 4.5 5 6 7 1or over 


(b) If any test specimen shows defective machining or develops 
flaws, it may be discarded and another specimen substituted. 

(c) If the percentage of elongation of any tension test specimen 
is less than that specified in Section 6 (a) and any part of the fracture 
is outside the middle third of the gage length, as indicated by scribe 
scratches marked on the specimen before testing, a retest shall be © 
allowed. 


Permissible Variations 
12. The thickness of each plate shall not vary more than 0.01 
in. under that ordered. 
The overweight of each lot' in each shipment shall not exceed 


! The term “lot” applied to Table I means all of the plates of each group width and group thickness. 
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the amount givenin Table I. One cubic inch of rolled steel is assumed 
to weigh 0.2833 lb. 


Finish 
13. The finished material shall be free from injurious defects 
and shall have a workmanlike finish. 


Marking 

14. (a) Except as specified in Paragraph (b), the name or brand 
of the manufacturer, the manufacturer’s test identification number, 
class and lowest tensile strength specified shall be legibly stamped 
on each finished plate in two places not less than 12 in. from the 
edges and on each butt strap near the center line not less than 12 in. 
from each end. ‘The manufacturer’s test identification number shall 
be legibly stamped on each test specimen. 

(b) For plates under } in. in thickness, the marking specified in 
Paragraph (a) shall be legibly stenciled instead of stamped. 


Inspection 


15. The inspector representing the purchaser shall have free 
entry at all times while work on the contract of the purchaser is 
being performed, to all parts of the manufacturer’s works which 
concern the manufacture of the material ordered. The manufacturer 
shall afford the inspector, without charge, all reasonable facilities 
to satisfy him that the material is being furnished in accordance 
with these specifications. All tests (except check analyses) and 
inspection shall be made at the place of manufacture prior to ship- 
ment, unless otherwise specified, and shall be so conducted as not to 
interfere unnecessarily with the operation of the works. q 


Rejection 

16. (a) Unless otherwise specified, any rejection based on tests 
made in accordance with Section 5, shall be reported within five 
working days from the receipt of samples. 

(b) Material which shows injurious defects subsequent to its 
acceptance at the manufacturer’s works will be rejected, and the 
manufacturer shall be notified 


Rehearing 


17. Samples tested in accordance with Section 5 which represent 
rejected material, shall be preserved for two weeks from date of the 
test report. In case of dissatisfaction with the results of the tests, 
the manufacturer may make claim for a rehearing within that time. 
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TENTATIVE SPECIFICATIONS 
FOR 
HIGH TENSILE STRENGTH CARBON-STEEL PLATES FOR 
FUSION-WELDED PRESSURE VESSELS! 


(PLATES OVER 2 IN. UP TO AND INCLUDING 4 IN. IN THICKNESS) 


A.S.T.M. Designation: A 150-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Head- 


quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 
IssUED, 1933; REVISED, 1935.? 
Scope 
1. These specifications cover two grades of high tensile strength 
carbon-steel plates over 2 in. and up to and including 4 in. in thickness, 


of firebox quality, suitable for fusion-welded pressure vessels. The 
term grade is used to distinguish between different tensile ranges. 


Process 

2. The steel shall be made by either or both of the following — 
processes: open-hearth or electric-furnace. 

Heat Treatment 

3. (a) All plates, before being fabricated, shall be uniformly 
heat treated to produce grain refinement. If this treatment is not 
done at the rolling mill the testing shall be carried out in accordance 
with Paragraph (0). 

(b) When a fabricator, who is equipped to properly perform the 
work, elects to do the required heat treatment for grain refinement he 
shall so indicate on his orders to the mill and he shall accept the plates 
on the basis of the mill tests. The plate manufacturer shall make 
the tests herein specified, the tension and bend test specimens to be 
prepared from full thickness pieces heat treated under conditions he 
considers appropriate for grain refinement and to give the test require- 
ments. The manufacturer shall inform the fabricator of the pro- 
cedure followed in treating the pieces at the mill for guidance in 
treating the plates. The required physical properties shall be de- 
termined after heat treatment of the plates on specimens prepared 
from pieces similarly and simultaneously treated with the plates. 


1Under the standardization procedure of the Society, these specifications are under the jurie- 
diction of the A.S.T.M. Committee A-1 on Steel. 7 
? Revision accepted by Committee E-10 on Standards, August 22, 1935. 
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Pieces for two complete sets of such tests shall be provided from each 
plate as rolled. 
Chemical Composition 

4. The steel shall conform to the following requirements as to 
chemical composition: 


0.50 to 0.90 
Ladle Analysis 
] 5. An analysis of each melt of steel shall be made by the manu- 
facturer to determine the percentages of the elements specified in 
Section 4. This analysis shall be made from a test ingot taken during 


the pouring of the melt. The chemical composition thus determined 
shall be reported to the purchaser or his representative, and shall 
conform to the requirements specified in Section 4. 
Check Analysis 

6. An analysis may be made by the purchaser from a broken 
tension test specimen representing each plate as rolled (Note). The 
chemical composition thus determined shall conform to the require- 
ments specified in Section 4. 

Note.—tThe term “plate as rolled’’ used here and in Sections 11 (b) and 12 (a) 
refers to the unit plate rolled from a slab or directly from an ingot in its relation to 
the location and number of specimens; not to its condition. 

_ Tension Tests 


7. (a) The material shall conform to the following requirements 
as to tensile properties: 


GRADE A GRADE B 
Tensile strength, lb. per sq. in.............. 65 000 to 77 000 70 000 to 82 000 
ae point, min., lb. per sq. in............. 0.5 tens. str. 0.5 tens. str. 
‘ 1 750 0002 750 000° 
___ Elongation in 2 in., min., per cent........... — 
tens. str. tens. str. 
See Section 8. 
: ; (b) Tensile strength only need be determined on the tension 
‘ test specimen taken from the top of the plates, and it shall not exceed 


79,000 lb. per sq. in. for Grade A, nor 84,000 lb. per sq. in. for Grade B. 
(c) The yield point shall be determined by the drop of the beam 
or halt in the gage of the testing machine. 
Modifications in Elongation 
8. For plates over 2} in. in thickness, a deduction from the 
— of elongation specified } in Section 7 (a) of 0.5 per cent 
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| shall be made for each increase of 3 in. of the specified thickness 
above 23 in. 


Bend Tests 


) 9. The test specimen shall stand being bent cold through 180 
deg. without cracking on the outside of the bent portion around a 
pin, the diameter of which shall have the following relation to the 
thickness of the specimen. When the test is made on a specimen 
reduced in thickness, the rolled surface shall be on the outer curve 
of the bend: 


4 Pin DIAMETER 


THICKNESS OF SPECIMEN 


Grape A Grave B 


RATIO: 
THICKNESS OF MATERIAL 


Homogeneity Test 


10. (a) The object of the homogeneity test is to open and render 
visible to the eye any seams due to failure to weld up or to interposed 
foreign matter, or any cavities due to gas bubbles in the ingot. The 
fractured surface of the specimen shall not show any single seam or 
: cavity more than 3 in. in length for plates 2 to 4 in. in thickness. 
. Each fracture shall be examined and the length of the seams and 
cavities determined, a pocket lens being used if necessary. 

(b) The specimen for homogeneity test shall be taken adjacent, 
: sidewise or lengthwise, to the top tension test specimen. ‘The speci- 
men shall be nicked or grooved transversely at one place on one side 
about } in. deep for plates up to 2} in. in thickness, and broken 
with a hammer or press, the bending being away from the groove. 
For plates over 2} in. in thickness the specimen may be grooved at 
one place on both sides to leave a fracture which will include the hori- 
zontal axis of the plate and have a face at least 2 in. in depth. 


Test Specimens 

11. (a) The tests shall represent the plates as heat treated for 
use. ‘The test specimens shall be prepared from the material in its 
heat-treated condition, or from full thickness samples similarly and 
simultaneously treated. 

(b) Tension test specimens shall be taken from the top and 
bottom corners of the plate as rolled (see Note under Section 6), 
parallel to its longitudinal axis. The axis of the test specimen shall 
be located midway between the center and the top or bottom surface 
of the plate. The bend test specimen shall be taken from the middle 
of the top of the plate as rolled, at right angles to its longitudinal axis. 
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(c) Tension test specimens shall be machined to the form and 
dimensions shown in Fig. 1. 

(d) The bend test specimen shall be at least 13 in. in width, 
with both edges machined parallel. For material over 2 in. in thick- 
ness the specimen may be reduced to 2 in. in thickness, but it shall - 


have one surface as rolled The sides of the bend test specimen may 7 


have the corners rounded to a radius of about } in. 


Number of Tests 

12. (a2) Two tension and one bend test shall be made from each 
plate as rolled (see Note under Section 6). 

(b) If any test specimen shows defective machining or develops | 
flaws it may be discarded and another specimen substituted. 

(c) If the percentage of elongation of any tension test specimen — 
is less than that specified in Section 7 (a) and any part of the fracture | 


Radius notless 25 
” Note :- The Gage Length 
Parallel Section | Parallel! Section, and 
Fillets shall be as 
+0, ai" ° Shown, but the Ends 
may be of any Shape 


: | to fit the Holders of 
the Testing Machine 


Length in such a Way that the 
or Elongation Load shall be axial. 
atter Fracture 


Fic. 1.—Standard 2-in. Gage Length Tension Test Specimen. 


is more than 3 in. from the center of the gage length, as indicated by 
scribe scratches marked on the specemen before testing, a retest 
shall be allowed. 


Permissible Variations in Thickness 


13. The thickness of each plate shall not. vary more than 0.01 in. 
under that ordered. The permissible variations over the ton rt 


thickness shall not exceed the amounts given in Table I. 
Finish 


14. The finished material shall be free from injurious defects 
and shall have a workmanlike finish. 
Marking 

15. The name or brand of the manufacturer, the manufac- 
turer’s test identification number, class and lowest tensile strength 
for the grade specified in Section 7 (a) shall be legibly stamped on 
each finished plate in two places not less than 12 in. from the edges 
and on each butt strap near the center line not less than 12 in. from 
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each end. ‘The manufacturer’s test identification number shall be - 
legibly stamped on each test specimen. 


Inspection 

16. The inspector representing the purchaser shall have free 
entry, at all times while work on the contract of the purchaser is 
being performed, to all parts of the manufacturer’s works which : 
concern the manufacture of the material ordered. ‘The manufacturer 
shall afford the inspector, without charge, all reasonable facilities to 
satisfy him that the material is being furnished in accordance with 
these specifications. All tests (except check analyses) and inspection 
shall be made at the place of manufacture prior to shipment, unless 
otherwise specified, and shall be so conducted as not to interfere 
unnecessarily with the operation of the works. 


TABLE I.—PERMISSIBLE VARIATIONS OVER ORDERED THICKNESS. 


Permissible Excess in Thickness, in. 


Ordered Thickness, in. Width, in. 

Up to 36 incl., to | 60incl.,to | 84 incl.,to | 120 incl., to | 132 inel., to 

36, excl. 60 excl. 84 excl. 120 excl. 132 exel. 144 excl. 
Over 2 to 3 excl.............. 0.062 (Fs) | 0.094 | 0.109 (eq) | 0.125 (4) | 0.125 (4) | 0.141 
Sincl., to 4excl............ 0.078 (ez) | 0.094 | 0.109 (gq) | 0.125 (4) 0.125 (4) 0.141 
4inel., to 6excl............ 0.094 | 0.125 (4) | 0.141 | 0.141 (ea) 0.15 56 (3) 0.172 (24) 
Gincl., to Sexel............ 0.109 (gq) | 0.125 (4) | 0.156 | 0.156 (a3) (434) |... 
0.172 (24) | 0.187 (q3s) | 0.187 | | 
0.187 | 0.234 (2) | 0.234 (28) | | 
Rejection 


17. (a) Unless otherwise specified, any rejection based on tests 
made in accordance with Section 6, shall be reported within five 
working days from the receipt of samples. - 

(b) Material which shows injurious defects subsequent to its 
acceptance at the manufacturer’s works will be rejected, and the 


manufacturer shall be notified. — 


18. Samples tested in ocoundanee with Section 6 which represent 
tejected material, shall be preserved for two weeks from the date 
of the test report. In case of dissatisfaction with the results of the 


tests, the manufacturer may make claim for a rehearing within 
that time. 


Rehearing 
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TENTATIVE SPECIFICATIONS 
FOR 
COLD-ROLLED STRIP STEEL! 
A.S.T.M. Designation: A 109-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Head- 
- quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


ISSUED, 1926; REVISED, 1927, 1934, 1935.2 


. The name “Cold-Rolled Strip Steel” covers a very wide range of material. 
] After annealing the metal, any amount of cold work may be done by cold rolling, 
ranging from a pass between the “‘levelling” or “breaker rolls” which does not 
- appreciably reduce the gage of the metal, on through various light “ pincher- 
passes” between planishing rolls, up to regular cold rolling that may affect as 
much as a 50 per cent reduction in thickness. Every different amount of 
reduction produces a different set of physical properties. Differences in chemi- 
cal composition, history of the steel itself, and its annealing, likewise cause 

_ variations in the final properties. 
It is impractical to set up a multitude of specifications for cold-rolled strip 
_ steel to cover all minor gradations of “temper” that have come into use. So 
J it is the established custom in the trade to classify this material rather roughly 
into five grades or tempers, ranging from No. 1, full hard, to No. 5, dead soft. 
Some manufacturers add a Grade No. 6 which is similar to Grade No. 5 but with 
special selection of chemical composition to attain the maximum of ductility. 
Each temper is suitable for a general type of work, as indicated in the table 

given in the Appendix. 

The demarcation between cold-rolled sheets and cold-rolled strip is as 


follows: 
Cold-Rolled Sheets: 


(a) All widths 24 in. and wider. 
(b) Over 12 in. up to 234% in. in width which are not in coils and are 


0.028 in. and under in thickness. 


(a) All widths 12 in. and narrower. 
(b) Over 12 in. up to 233% in. in width which are in coils; and both 
flat and coiled stock 0.029 in. and over in thickness. 


The bend test is the only physical property prescribed in these specifications. 
A tabulation of approximate values for tensile strength, elongation, Rockwell 
hardness, and depth of cup corresponding to the five commercial tempers of 
cold-rolled strip steel is presented in the Appendix as a matter of general in- 

formation. 


1 Under the standardization procedure of the Society, these specifications are under the juris- 
diction of the A.S.T.M. Committee A-1 on Steel. 
2 Latest revision accepted by Committee E-10 on Standards, August 22, 1935. 
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Scope 

1. These specifications cover five grades or tempers of commercial — 
cold-rolled, strip steel as follows: 

Grade No. 1, or “Hard” temper; 

Grade No. 2, or “‘Half-Hard” temper; 

Grade No. 3, or “‘Quarter-Hard” temper; 

Grade No. 4, or “Soft or Planished” temper; 

Grade No. 5, or “Dead Soft” temper. 


Selection of Temper 

2. These five —_ or tempers of cold-rolled strip steel cover all 
uses, from plain flat blanking, through easy bending, shallow drawing 
and stamping, up to fairly deep drawing, to drifting and very deep 


' drawing. Each temper is capable of subdivision for obtaining products 
: especially suited to particular uses (Note). 

S NoTe.—By consulting with the manufacturer, the purchaser can obtain a 
Qf closely graded product for any particular job. For difficult, and indeed for most 
I- applications, this is the best procedure. 

Process 

0 3. The steel for Grades Nos. 3, 4 and 5 shall be made by either 
ly or both of the following processes: open-hearth or electric-furnace. 
: Rimmed steel is in general use, but killed steel may be used, although 


it is generally a little harder than the rimmed steel. 


Chemical Composition 


as 4. The steel shall conform to the following requirements as to 
chemical composition :* 
Graves Nos. 1 AND 2 


0.04 to 0.12 and for some uses up to 
0.25 max. will be permissible. 


are 
Graves Nos. 3, 4 AND 5 
0.30 to 0.50 
0.04 


* Where cold-rolled strip steel is to be used for parts that are to be case-hardened, this fact should 
ns. be made known to the producer who will regulate the analysis more closely, especially in the case of 
Grades Nos. 1 and 2. 


vell 
of 
in- Samplesfor Chemical Analysis | 
5. Samples for chemical analysis shall be taken by machining 
uris- the entire cross-section of the strip. 
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Bend Tests 
6. (a) The bend test specimens shall stand being bent cold as 
_ specified below without cracking on the outside of the bent portion: 


Grape TEMPER 

TW PR accceeseetoeeawe Not required to make bends in either direction of 
grain. 

Neo. 2 Hall Mard.......0.cscc0 Bend to a sharp? right angle across the grain. ® 
Guster Bend flat upon itself across the grain and to a sharp? 
. right angle along the grain. ® 
(Nos Soft or Planished...... Bend flat upon itself both ways of the grain. > 

No. Dead Soft....... Acuna Bend flat upon itself both ways of the grain. ° 


* Edge of forming tool shall be slightly “broken” (that is beveled) to give the equivalent of a 
/ oma == 0.010 in., which may be considered as “commercially sharp.” 
6 To bend across the grain means that the crease formed by the bend shall be at right angles to 
_ the length of the cold-rolled strip. ‘To bend along the grain means that the crease formed by the bend 
al shall be parallel with the length of the cold-rolled strip. 


(6) Bend Test Specimens.—Bend test specimens shall be 3 in. or 


‘more in width, and of any convenient length. ‘The edges shall be 
rounded with a file to remove sharp corners and burrs due to shearing. 
(c) Number of Bend Tests—Three bend tests, if concordant, shall 

be considered representative of each coil (or strip) selected for test. 


TABLE I.—PERMISSIBLE VARIATIONS IN THICKNESS OF COLD-ROLLED 
STRIP STEEL. 


Permissible Variations in Thickness, Over and Under, for Widths Given, in. 
| Specified Thickness, in. vs to1,| 1 to 3, Over Over Over Over Over 

excl. excl. | 3 to 6 | 6 to 9 | 9 to 12 | 12to 16| 16 to 20 — 

ane bbscesevnesersteedusrenees 0.001 0.001 0.001 0.001 0.001 0.001 0.0015 | 0.0015 
Pin ietevkitsamenaniedakeannad 0.001 0.001 0.001 0.001 0.001 0.0015 | 0.0015 | 0.0015 
SR eee eee 0.001 0.001 0.001 0.001 0.0015 | 0.0015 | 0.0015 | 0.0015 
Over 0.012 to 0.016, incl............. 0.001 0.001 0.001 0.0015 | 0.0015 | 0.0015 | 0.002 0.002 
Over 0.016 to 0.019, incl............. 0.001 0.001 0.001 0.0015 | 0.0015 | 0.002 0.002 0.002 
Over 0.019 to 0.025, incl............. 0.001 0.001 0.0015 | 0.002 0.002 0.002 0.0025 | 0.0025 
Over 0.025 to 0.028, incl............. 0.001 | 0.0015 | 0.0015 | 0.002 | 0.002 | 0.002 | 0.0025 | 0.003 
Over 0.028 to 0.034, incl............. 0.0015 | 0.0015 | 0.002 0.0025 | 0.0025 | 0.0025 | 0.003 0.003 
Over 0.034 to 0 039, a aig aratin ..--| 0.002 0.002 0.0025 | 0.003 0.603 0.003 0.003 0.003 
Over 0.039 to 0.049, incl............. 0.002 0.002 0.0025 | 0.003 0.003 0.003 0.004 0.004 
Over 0.049 to 0.068, incl............. 0.002 0.002 0.003 0.003 0.003 0.003 0.004 0.004 
Over 0.068 to 0.099, incl............. 0.002 0.002 0.003 0.003 0.003 0.004 0.004 | 0.004 
Over 0.099 to 0.160, inel............. 0.002 0.002 0.003 0.004 0.004 0.004 0.005 | 0.005 
Over 0.160 to 0.249, incl............. 0.002 | 0.003 | 0.004 | 0.004 | 0.004 | 0.005 | 0.006 | 0.006 


_ Permissible Variations in Thickness 

7. The thickness of the strip shall not vary from the thickness 
specified by more than the permissible variations given in Table I. 
Cold-rolled strip 2 in. and under in width may be gaged at any point. 
Cold-rolled strip over 2 in. in width shall be gaged 3 in. from the 
edge and may be thicker at the center (crown) than at the edge by 
the amounts shown in Table IT. 
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Permissible Variations in Width 
8. (a) Width tolerances vary according to the type “edge.” 
The types of edge are as follows: 
Edge No. 1.—A perfectly round or square smooth edge. 
Edge No. 2.—Natural round edge. 
Edge No. 3.—Square, produced by slitting, not filed. (The 
usual commercial edge.) 
Edge No. 4.—-Round edge, rolled. 
Edge No. 5.—Square, produced by rolling or filing after slitting. 
Edge No. 6.—Square edge, rolled. 
(b) The width of the strip shall not vary from the width specified 
by more than the permissible variations given in Tables III, [IV and 
V according to the type of edge. 


TABLE II.—ADDITIONAL PERMISSIBLE THICKNESS AT CENTER (CROWN) OF 
CoLD-ROLLED STRIP STEEL OVER 2 IN. IN WIDTH. 


oe Additional Permissible Thickness for 
Widths Given, in. 
1 Specified Thickness, in. 


5 or Under | Over 5 to 12| Over 12 to 
24, excl. 
r 
4, Length 
— 9. (a) Cold-rolled strip steel is usually furnished in coils, but — 
: may be ordered cut to lengths. When so ordered, the length of the — 
15 strip shall not vary from the specified length by more than the per- | 
2 missible variations shown in Table VI. 
25 (b) Cutting to definite lengths of 36 in. or over does not relieve : 
i the purchaser from scrap loss and short lengths will be included, cut — 
HM to multiples, if so desired. 
4 
05 Straightness 
06 
ae 10. The permissible camber shall be as follows: _ 
WivTH, IN. CAMBER, IN. 
ess 
nt. Flatness 
the 11. When flatness of strip steel is essential, it shall be so specified 
by by the purchaser. Flatness shall be determined by placing the strips 


in 8-ft. lengths on a flat surface. No part of the strip shall rise more 
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TABLE III.—PERMISSIBLE VARIATIONS IN WIDTH FOR STRIP OF No. 3 EpGeE 
(Most LARGELY USED). 


Permissible Variations in Width, Over and Under, for 
Thicknegses Given, in. 


Over 
0.160 to 
0.250, exel. 


Over 
0.099 to 
0.160 


Over 


0.010 
0.010 
0.016 
0.016 
0.020 
0.020 


PERMISSIBLE VARIATIONS IN WIDTH FOR StRIP OF No. 2 EDGE 
(Mitt EpGe). 


TABLE IV-.- 


Permissible Variations 
in Width, 
Over and Under, 
for All Thicknesses, in. 


Specified Width, in. 


2 or under 

Over 10 to 15, incl 

Over 15 to 20, incl 

Over 20 to 24, excl 


(0.031) 
(0.047) 
& (0.078) 
(0.094) 

% (0.125) 
(0.156) 


TABLE V.—PERMISSIBLE VARIATIONS IN WIDTH FOR STRIP OF 
EpGes Nos. 1, 4, 5 AND 6. 


Permissible Variations 
in Width, 
Over and Under, in. 


Description Thickness, in. Width, in. 


0.005 
0.005 
0.005 


or under 
Over 32 to 3, incl. . 
Over to 5, incl... 


7¢ or under 
Perfectly round or square 6 , 
32 or under 


smooth edge § or under 


or under.......... 0.010 


4 Round edge, rolled 


0.025 to 7s, incl. ... 
0.025 to 3, incl... 
0.035 to incl. ... 
0.047 to 4, inel.... 


zig or under 


Over 3 to 1, incl... 
Over 1 to 2. incl.... 
Over 2 to 4, incl. ... 
Over 4 to 6, incl.... 


35 or under 


Over to j, incl. 
Over to 5, incl.. 
Over 5to 9, incl.. 
Over 9 to 20, incl.. 
Over 20 to 24, excl.. 


Square rolled or filed 

0.015 to 0.105, incl.. 
0.023 to 0.080, incl.. 


2 or under 

Over 3 to 33, incl. 
Over 45 to 2, incl. 
Over 2to 6, incl. 


0.025 to incl... 
0.025 to 4, incl... 
0.025 to 4, incl... 


Square edge, rolled 


| 
| 
Specified Width, in. 
| 0.068 | 
or 0.068 to 
under 0.099 
0.016 0.031 t 
| 
4 
t 
| 
F U 
| | 
0 
\ 
“4 R 
Ma. 4...... | 
aa 
ei 
No. 5...... 0.005 b 
No. 5...... 0.005 n 
No. 5...... 0.010 
No. 5...... 0.010 
No. 5...... 0.015 
j Se 
No. 6...... 0.010 


than } in. from the surface. It shall lie flat of its own weight, with no | 
spring up from the flat surface. 
Finish 

12. Cold-rolled strip steel shall have a bright, smooth surface — 
and shall be free from injurious defects. 


Inspection 

13. (a) The manufacturer shall afford the inspector representing — 
the purchaser, without charge, all reasonable facilities to satisfy him 
that the material is being furnished in accordance with these specifica- 
tions. ‘Tests and inspection at the place of manufacture may be made 
prior to shipment, and such inspection shall be final. All tests and 
inspection shall be so conducted as not to interfere unnecessarily with 
the operation of the works. 


TABLE VI.—PERMISSIBLE VARIATIONS FROM SPECIFIED LENGTH. 


Permissible Variations Over the 


Specified Length? 
Specified Length, ft. 


12 in. and Under Over 12 to 24in., excl., 
in Width in Width 


@ No variations under the specified length are permissible. 


(b) In case material is not inspected at the place of manufacture, 
the purchaser may make the tests to govern the acceptance or rejection 
of the material in his own laboratory or elsewhere. Such _ 
however, shall be made at the expense of the purchaser. we 
Rejection 

14. (a) Unless otherwise specified, any rejections based on “ot 

made in accordance with Section 13 (b) shall be reported within “il 
working days from the receipt of samples. 

(b) Material which shows injurious defects while being finished 
by the purchaser will be rejected, and the manufacturer shall be 
notified within 90 days from the date of the receipt of the material 
by the purchaser. 

(c) Samples tested in accordance with Section 13 (b) which repre- 
sent rejected material, shall be preserved for one month from the date | 
of the test report. In case of dissatisfaction with the results of the. 


tests, the manufacturer may make claim for a rehearing within that 
time. 
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To specify chemical composition and tensile strength, together with the 
percentage elongation in 2 in. does not sufficiently define the properties of cold- 
rolled strip steel to insure satisfactory material for use in many applications. 


Freedom from ‘‘stretcher strains” during forming, or perhaps equiaxed grains, 
may be vital, whereas, the tensile strength may be of only minor importance. 


SPECIFICATIONS FOR COLD-ROLLED Strip STEEL 


APPENDIX 


Taste AI.—ApprOXIMATE PaHysICAL PROPERTIES FOR VARIOUS TEMPERS 
oF CoLD-ROLLED Strip STEEL. 
(These values are given as information only and are not intended as criteria for acceptance or rejection.) a 


Hardness 
(Rockwell 
“B” Seale), 
(7¢-in. Ball 
100-kg. Load) 


Grade or Temper 


Depth of Cup 
for 0.050-in. 
Thickness of 
Strip, mm.* 


Tensile 
Strength, 
Ib, per sq. in. 


Elongation 
in 2 in. for 
0.050-in. 
Thickness of 
Strip, 
per cent© 


Remarks 


90 +: 64 


0. 2 


Ni 
Half-Hard 80 + 5 


No. 3 
Quarter-Hard 


No. 4 
Soft or Planished... 


9 to 105 


10 to 113 


80 000 + 12 000 


64000+ 8000 


48 000+. 5000 


440004 4000 


34 


39 + 6 


| 
| 
| 
| 
| 


Intended for flat blanking only 


Intended for easy bending up to 
90 deg. across the grain.® (No 
bending along the grain). 


For shallow drawing and stamp- 
ing, where a very smooth surface is 
required. Bends 180 deg. across 
the grain. Bends up to 90 deg. 
along the grain.° 


For fairly deep drawing where no 
sign of surface strain’ is permis- 
sible. Bends 180 deg. both ways 
of the grain. 


For deep drawing where slight 
stretcher strains’ are permissible. 
Also for drifting.  (Krroneously 
called ‘“‘extrusion.”) Bends 180 
deg. both ways of the grain. 


* Cup depth varies with thickness of strip. For Grade No. 5, dead soft temper, the depth is given approximately 


by the formula, D = 10.5 mm. + 6.4 log “t” (t = thickness in mm.). 


Other tempers vary in a similar way. 


® Tensile properties are based on the standard tension test specimen for sheet metals, see Fig. 7 of the Standard 
Methods of Tension Testing of Metallic Materials (A.S.T.M. Designation: E 8) of the American Society for Testing 


Materials, see 1933 Book of A.S.T.M. Standards, Part I, 
© Elongation in 2 in. varies with thickness of strip. 
= 41+ 10 log “t” (t = thickness in mm.). 


949. 


For Grade No. 5, dead soft temper, the percentage elongation 
Other tempers vary in a similar way. 


4 For cold-rolled strip 0.069 in. and thinner in thickness the Rockwell B hardness range is 96 + 6, with corre- 
sponding increase in tensile strength and drop in depth of cup test. 
* To bend across the grain means that the crease formed by the bend shall be at right angles to the length of the 
cold-rolled strip. To bend along the grain means that the crease formed by the bend shall be parallel with the length 


of the cold-rolled strip. 


See third paragraph of the Appendix as to “age hardening” and the necessity for using steel promptly after rolling 
where stretcher strains are to be entirely absent. 


The ideal condition is for a consumer to know for each job the optimum 


working range in Rockwell B hardness.! 


needs to the producer. 


which will give them this advantage. 


He can then accurately describe his 


Many users are building up a background of data 


objectionable to producing interests. 

However, until a consumer has been able to standardize his requirements 
as a result of long experience and many physical tests checked against records 
of production, it is better to specify cold-rolled strip steel that shall be suitable 


Such well-informed buying is in no way 


1In some cases, additional data as to “cup depth,” “grain size,” and need for ‘“‘skin-rolling 
to prevent stretcher strains are requisite. 
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or a given use (that is, suitable to make the particular article, as shown by 
ample, or by a blueprint giving method of manufacture). When the buyer 
pecifies a list of physical properties he assumes the responsibility of such 
teel being satisfactory for the job. 

While strip steel in the “‘dead soft” or annealed condition has the maximum 
ductility, it is unsuited to many forming operations due to its tendency to 
“stretcher strain.” A small amount of cold rolling will prevent this, but the 
effect is only temporary, due to the phenomenon called “‘aging.”” In general, 
the higher the storage temperature, and the less the amount of skin-rolling, or 
temper-rolling, after final annealing, the shorter the elapsed time necessary for 
stretcher straining to recur. ‘This is accompanied by an increase in hardness, | 
yield point, and tensile strength and a decrease in ductility. For those jobs on 
which stretcher straining or breakage is likely to occur, the material should be 
fabricated as promptly as possible after temper cold rolling. 

The following table of approximate physical properties corresponding to 
the five commercial tempers of cold-rolled strip steel, is presented as a matter 
of general information, to give a general view of the field covered. ‘The limits 
of hardness, tensile strength, etc., in the table are not intended as criteria for 
acceptance or rejection unless specifically agreed to by the manufacturer when 
accepting the order. ‘The exact processing by different manufacturers will 
naturally vary slightly, so that absolute identity cannot be expected in their 


commercial tempers of cold-rolled strip steel. 
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TENT ATIVE SPECIFICATIONS 


A.S.T.M. Designation: A 160-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1935. 
Scope 
1. (a) These specifications cover two classes of axle-steel concrete rein- 
forcement bars: namely, plain and deformed. 
(b) Plain and deformed bars are of three grades: namely, structural 
steel, intermediate and hard. 


MANUFACTURE 


Manufacture 
2. The bars shall be rolled from carbon-steel axles for cars and loco- 
motive tenders in the following standard journal sizes. No other axles or 


material shall be used: 
STANDARD JouRNAL Sizes 


4} by 8 in. 
5 by 9 in. 


6 by 11 in. 
CHEMICAL PROPERTIES AND TESTS 

Carbon Determination 

3. (a) The manufacturer shall make a determination for carbon of 
each axle received by him for manufacture into reinforcement bars. Based 
on these carbon determinations, all steel axles shall be stocked for subse- 

: quent rolling in separated lots by carbon range. The ranges of carbon shall 

be determined by the manufacturer as those best suited to meet the physica! 
requirements. 

(b) When requested by the purchaser, the manufacturer shall report 
the carbon range for each lot of bars furnished. 


PHYSICAL PROPERTIES AND TESTS 
Tension Tests 


. 4. (a) The bars shall conform to the following requirements as t 
_ tensile properties: 


1 Under the standardization procedure of the Society, these specifications are under the jurisdictic! 
the A.S.T.M. Committee A-1 on Steel. 
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TENSILE REQUIREMENTS 


Plain Bars Deformed Bars 


Properties Considered 


Structural Intermediate ‘Structural Intermediate 
Steel Grade Grade Hard Grade || Steel Grade Grade Hard Grade 


55 000 55 000 70 000 
to 80 000 min. to to 
70 000 70 000 90 000 


80 000 min. 


33 000 50 000 33 000 40 000 50 000 


| 1 125 000° 


1 400 t tens. 1 200 0002 1 250 0007 tens. 1 000 0007 
tens. str. than 16 per tens. str. tens. str. than 14 per tens, str. 
cent? cent® 


See Section 5. 


(b) The yield point shall be determined by the drop of the beam or 
halt in the gage of the testing machine. 


Modifications in Elongation 


5. (a) For plain and deformed bars over 3 in. in thickness or diameter, 
a deduction from the percentages of elongation specified in Section 4 (a) 
of 0.25 per cent shall be made for each increase of #5 in. of the specified 
thickness or diameter above 3 in. 
(b) For plain and deformed bars under ,%% in. in thickness or diameter, 
a deduction from the percentages of elongation specified in Section 4 (a) 
of 0.5 per cent shall be made for each decrease of 33 in. of the specified 
thickness or diameter below 4% in. 


Bend Tests 


6. (a) The test specimen shall stand being bent cold around a pin 
without cracking. ‘The following requirements for degree of bending and 
sizes of pins shall be observed: 


BEND-TEST REQUIREMENTS 


Plain Bars Deformed Bars 


e 


Thickness or Diameter of Bar 


Structural | Intermediate Structural | Intermediate 
Steel Grade rade Hard Grade |] Steel Grade Grade Hard Grade 


180 deg. 180 deg. 180 deg. 180 deg. 180 deg. 180 deg. 
d=t d = 2 d = 3t d=¢ d = 3t d= 4 


180 deg. 90 deg. 90 deg. f 2. 90 deg. 90 deg. 
d=t d = 2 d = 3t d = 3t d= 4t 


Nore.—d = the diameter of pin about which the specimen is bent. 
t = the thickness or diameter of the specimen. 
(6) Bend tests shall be made on specimens of sufficient length to insure 
‘tee bending and with apparatus which provides: 
(1) Continuous‘and uniform application of force throughout the dura- 
tion of the bending operation; 


‘ 
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(2) Unrestricted movement of the specimen at points of contact with 
the apparatus; 
(3) Close wrapping of the specimen about the pin or mandrel during 
the bending operation. 
(c) Other methods of bend testing may be used, but failures due to 
such methods shall not constitute a basis for rejection. 


Test Specimens 

7. Tension and bend test specimens from plain or deformed bars shall 
be of the full section of bars as rolled. For tension tests of deformed bars 
the sectional area used for unit stress determination shall be calculated 
from the length and weight of the test piece. 


Nore.—The area in square inches may be calculated by dividing the weight per linear 
inch of specimen in pounds by 0.2833 (weight of | cu. in. of steel), or by dividing the weight 
per linear foot of specimen in pounds by 3.4 (weight of steel 1 in. square, 1 ft. long). 


Number of Tests 

8. (a) One tension and one bend test shall be made from each lot of 
ten tons or less of each size of bar rolled from each lot of axles assorted in 
groups as specified in Section 3. 

(b) If any test specimen develops flaws, it may be discarded and 
another specimen substituted. 

(c) If the percentage of elongation of any tension test specimen is less 
than that specified in Section 4 (a) and any part of the fracture is outside 
the middle third of the gage length, as indicated by scribe scratches marked 
on the specimen before testing, a retest shall be allowed. 


PERMISSIBLE VARIATIONS IN WEIGHT 


Permissible Variations in Weight 
The weight of any lot of bars shall not vary more than 3) pet 
cent over and under the theoretical weight for bars ? in. and over in 
diameter nor more than 5 per cent over and under for bars under 3 in. in 
diameter. The weight of any individual bar shall not vary more than 
6 per cent under the theoretical weight for bars 3 in. and over in diameter; 
nor more than 10 per cent under the theoretical weight for bars under 
2 in. in diameter. ‘The theoretical weight of deformed bars shall be the 
- theoretical weight of plain round or square bars of the same nominal size. 
Note.—The term “lot” used in this paragraph means all the bars of the same nominal 
weight per linear foot in a carload. 
FINISH 
‘Finish 


10. The finished bars shall be free from injurious defects and shall 
_ have a workmanlike finish. 
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A.S.T.M. DESIGNATION 


vith MARKING 
Marking 
ring 11. The brand of the manufacturer shall be legibly rolled on all 
deformed bars, and when loaded for mill shipment, all bars shall be properly 
eto § separated and tagged with the manufacturer’s test identification number. 
INSPECTION AND REJECTION 
Inspection 
shall 12. The inspector representing the purchaser shall have free entry, 
bars t all times while work on the contract of the purchaser is being performed, 
lated § toall parts of the manufacturer’s works which concern the manufacture of 
the bars ordered. ‘The manufacturer shall afford the inspector, without 
linear § charge, all reasonable facilities to satisfy him that the bars are being fur- 
veight J nished in accordance with these specifications. All tests and inspection 
shall be made at the place of manufacture prior to shipment, unless other- 
wise specified, and shall be so conducted as not to interfere unnecessarily 
lot of § with the operation of the works. . 
pa 13. Bars which show injurious defects subsequent to their acceptance 
at the manufacturer’s works, will be rejected, and the manufacturer shal) 
is less 
utside 
arked 
per 
ver in 
in. in 
> than 
meter; 
under 
be the 
al size. 
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TENTATIVE SPECIFICATIONS 
FOR 
HEAT-TREATED CARBON- AND ALLOY-STEEL TRACK BOLTS! 

A.S.T.M. Designation: A 183 - 35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 


Society, 260 S. Broad St., Philadelphia, Pa. 
IssuED, 1935.? 


Scope 
1. These specifications cover two grades of heat-treated carbon-steel 


and heat-treated alloy-steel track bolts. 4 


Process 

2. (a) The steel for the bolts shall be made by either or both of the 
following processes: open-hearth or electric-furnace. 

(b) The steel for the nuts shall be made by one or more of the following 


processes: open-hearth, electric-furnace, or acid-bessemer. 
Chemical Composition 


3. (a) The steel for the bolts shall conform to the following require- 
‘ments as to chemical composition: 


CaRBON STEEL STEEL® 


e The type of alloy to be used shall be mutually agreed upon by the manufacturer and purchaser. 


(b) The steel for the nuts shall conform to the screw-steel grades of 
the Standard Specifications for Commercial Quality Hot-Rolled Bar Steels 
-(A.S.T.M. Designation: A 107-33) of the American Society for Testing 
Materials. 

(c) When high strength nuts are specified, the steel shall conform to 
carbon range of 0.40 to 0.55 per cent. 


1 Under the standardization procedure of the Society, these specifications are under the jurisdiction of the 
A.S.T.M. Committee A-1 on Steel. d 
; These specifications are in effect a tentative revision and proposed combination of the present Standart 

Specifications for Quenched Carbon-Steel Track Bolts (A.S.T.M. Designation: A 50-33) and Stanaar¢ 
Specifications for Quenched Alloy-Steel Track Bolts (A.S.T.M. Designation: A 51 — 33) (see 1933 Book . 
A.S.T.M. Standards, Part I, pp. 131, 135), and when adopted as standard are intended to supersede the spe 
fications mentioned. 

2 Accepted for publication as tentative by Committee E-10 on Standards, August 22, 1935. 
‘1933 Book of A.S.T.M. Standards, Part I, p. 93. 
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A.S.T.M. Desicnation: A 183-35 T 
Ladle Analysis 

4. (a) A carbon determination shall be made of each melt of bessemer 
steel, and determinations for manganese, phosphorus and sulfur represent- 
ing the average of the melts applied for each 8-hr. period. 

(b) An analysis of each melt of open-hearth or electric-furnace steel 
shall be made to determine the percentages of carbon, alloy when used, 
manganese, phosphorus and sulfur. 

| (c) The analyses prescribed in Paragraphs (a) and () shall be made 
LTS! § by the manufacturer from test ingots taken during the pouring of each 
melt. The chemical composition thus determined shall be reported to 
the purchaser or his representative and shall conform to the requirements 
ject to. specified in Section 3. 


of the 
Check Analysis 
5. An analysis may be made by the purchaser from a finished bolt 
representing each melt. The phosphorus content thus determined shall 
-steel_ J not exceed that specified in Section 3 (@) by more than 25 per cent. 
Tension Tests 
6. (a) The finished bolts shall conform to the following minimum > 


of the @ ‘quirements as to tensile properties: 
CARBON STEEL 
: GRADE 1 GRADE 2 ALLoy STEEL 
lowing Tensile strength, lb. per sq. in......... 100 000 110 000 115 000 
Elongation in 2 in., per cent.......... ec | 14 15 
. Reduction of area, per cent........... 25 = 35 40 
equite- (6) The yield point shall be determined by the drop of the beam or 


t in the gage of the testing machine operated at a cross-head speed 
t to exceed 4 in. per min. ‘The tensile strength shall be determined at 


= speed of head not to exceed 13 in. per min. 

Test Specimens = 

ef. 7. The tension test specimen taken from the finished bolt shall con- 
ades 0 rm to the dimensions shown in Fig. 1. 

r Steels Bend Tests 

Testing 8. (a) Full-size carbon-steel bolts, Grades 1 and 2, shall stand being 
_— nt cold through 45 deg. around a pin, the diameter of which is equal to 


e diameter of the bolt, without cracking on the outside of the bent 
| rtion. If the bend test specimen breaks in the threaded portion, a 
ction of test shall be allowed. 


t See (b) Full-size alloy-steel bolts shall stand being bent cold through 
33 Bows | ©) deg. around a pin, the diameter of which is equal to the diameter of 


¢ bolt, without cracking on the outside of the bent portion. If the 
nd test specimen breaks in the threaded portion, a retest shall be allowed. 


4 

i 
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SPECIFICATIONS FOR STEEL TRACK BOLTS 


Strip Test 

9. The threads of the nut shall not “strip”? when the bolt, with nut 
fully mounted, is tested in tension to its yield point, the load being applied 
to the head of the bolt and the bearing side of the nut. 


Number of Tests 

10. (a) One tension, one bend, and one strip test shall be made from 
each lot of 50 kegs or fraction thereof. 

(b) If any test specimen shows defective machining or develops flaws 
it may be discarded and another specimen substituted. 

(c) If the percentage of elongation of any tension test specimen is 
less than that specified in Section 6 (a) and any part of the fracture is 
more than 3 in. from the center of the gage length, as indicated by scribe 
scratches marked on the specimen before testing, a retest shall be allowed. 


Note :- The Gage Length, thang. | Parallel Section : 


Shown, but the Ends i | 
may be of any Shape 

to fit the Holders of k 0.0057.--> 

the Testing Machine Gage length 

insuchaWay that the for Elongation 

Load shall be axial. atter Fracture 


Fic. 1.—Standard 2-in. Gage Length Tension Test Specimen. 


‘Retest 


11. If the results of the physical tests of any test lot do not conform 
to the requirements specified, the manufacturer may retreat such lot not 
more than twice, in which case two additional tension, and two additional 
bend tests shall be made from such lot, all of which shall conform to the 
requirements specified. 


Permissible Variations in Dimensions 


12. (a) The bolts and nuts shall conform to the plans specified by the 
purchaser, subject to the following permissible variations: 


PERMISSIBLE VARIATIONS, IN. 


OVER NDER 
Shank diameter for cut-thread bolt.......... ts 
Height and diameter of head................ ts te 
Nut { (0.016 X thread diameter of bolt 


diameter of bolt) (0.016 X thread 
+0.012 diameter of bolt, 
+0.012 
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(b) The outside diameter of the finished rolled threads shall 
ut the diameter of the shank of a cut thread bolt of corresponding size. 

al (c) The diameter of the rolled threads shall not exceed the diameter 
of the shank by more than jg in. for bolts } in. in diameter and under, 


nor more than ;%; in. for bolts 1 in. in diameter and over. 
Finish 


= 13. The bolts and nuts shall be neatly formed and free from fins or 
nicks. ‘The head of the bolt shall be concentric with and firmly joined to 
the shank, with the under side at right angles to the axis of the bolt. It 
shall be free from injurious defects and shall have a workmanlike finish. 


Threads and Thread Fit 

ibe 14. The threads on bolts may be rolled or cut and shall be of the 
ed. American Standard shape as shown in the American Standard for Screw 
Threads, A.S.A. No.: B1.1-1935, or subsequent revisions thereof. The 
nut shall have a hand-free fit from two to five turns in starting on the bolt, 
shall be wrench tight the remainder of the screw length of the nut, and 
shall show a minimum resistance of 20 lb. and a maximum of 70 lb. applied 
toa 24-in. wrench when the nut is fully engaged. Before packing, nuts 
shall be screwed on the bolts for enough turns to hold them in place 
until used. 


Marking 
15. (a) A letter or brand indicating the manufacturer together with 
the numerals “1”? and “2” for Grades 1 and 2, respectively, and the letter 
\” for alloy-steel bolts, shall be pressed on the head of the bolt when it 

jormed. 
(b) All containers shall be marked by the manufacturer as follows: 


onal (1) Name of manufacturer. 

the (2) Material (Grade 1, Grade 2, or Alloy). 
(3) Size of bolt (diameter and length). 

(4) Weight. 


Inspection 
16. The inspector representing the purchaser shall have free entry at 
ll times, while work on the contract of the purchaser is being performed, 
to all parts of the manufacturer’s works which concern the manufacture 
oi the bolts and nuts ordered. The manufacturer shall afford the inspector, 
without charge, all reasonable facilities to enable him to satisfy himself 
that the bolts and nuts are being furnished in accordance with these speci- 
- ications. All tests (except check analysis) and inspection shall be made 
F bolt at the place of manufacture prior to shipment, unless otherwise specified, 
ead and shall be so conducted as not to interfere unnecessarily with the oper- 
ation of the works. 


the 
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Rejection 

17. (a) Unless otherwise specified, any rejection based on tests made 
in accordance with Section 5 shall be reported within five working days 
from the receipt of samples. 

(b) Bolts and nuts which show injurious defects subsequent to their 
acceptance at the manufacturer’s works shall be rejected and the manv- 


facturer will be notified. 


18. Samples tested in accordance with Section 5 which represent 
rejected bolts shall be preserved for two weeks from the date of the test 
report. In case of dissatisfaction with the results of the test, the manv- 
facturer may make claim for a rehearing within that time. 
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TENTATIVE SPECIFICATIONS _ 


FOR 
CARBON-STEEL AND ALLOY-STEEL CASTINGS FOR 
RAILROADS! 


A.S.T.M. Designation: A 87 - 35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
snnual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


[ssuED AS TENTATIVE, 1922; ADOPTED IN — ForM, 1927; REISSUED AS TENTATIVE, 
Scope 

1. These specifications cover carbon-steel and alloy-steel castings 
intended for locomotive and car equipment. Four grades of castings are 
overed: namely, 

Grade A-1.—Castings of this grade as specified by the purchaser, not 
required to be annealed. 

Grade A-2.—Castings of this grade as specified by the purchaser, 
required to be annealed. 

Grade B.—Castings of this grade as specified by the purchaser, required 
to be annealed; such as truck side frames, bolsters, locomotive frames, 
locomotive driving and trailer wheel centers, and other parts to be subjected 
to high stresses. 

Grade C.—Castings of this grade as specified by the purchaser, required 
to be annealed. 

Process 


2. The steel shall be made by one or more of the following processes: 
open-hearth, electric-furnace, converter, or crucible. a 
Heat Treatment 

3. (a) All castings of Grades A-2, B, and C shall be annealed. ‘The 
annealing treatment shall consist of normalizing or of full annealing, 
applied one or more times, all at the option of the manufacturer. Also 
at the option of the manufacturer, the annealing treatment may be fol- 
lowed by a tempering or drawing treatment, applied one or more times. 

(b) Normalizing —The procedure for normalizing shall consist of 
allowing the castings to cool after pouring, to a temperature below the 


, | Under the standardization procedure of the Society, these specifications are under the jurisdiction of 
A.S.T.M. Committee A-1 on Steel. 
ca These specifications are in effect a revision of and replace the former Standard Specifications for Carbon- 
“, Stings for Railroads (A.S.T.M. Designation: A 87 - 27) which were accordingly discontinued in 1935. 
Accepted for publication as tentative by Committee E-10 on Standards, August 22, 1935. 
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critical range; reheating to the proper temperature and for the required 
time as a preliminary procedure for the ultimate refinement of the grain; 
and cooling thereafter in still air at room temperature. 

(c) Full-annealing—The procedure for full annealing shall consist 
of allowing the castings to cool after pouring, to a temperature below the 
critical range; reheating to the proper temperature and for the required 
time as a preliminary procedure for the ultimate refinement of the grain; 
and cooling thereafter slowly in the furnace. ‘The castings shall not be 
removed from the furnace until the pyrometer shows that the furnace 
charge has fallen uniformly to a temperature as low as 500 F. (260 C.). 

(d) Tempering or Drawing.—When castings are tempered or drawn 
after being normalized or full annealed the temperature for tempering or 
drawing shall be below the critical range, but not less than 400 F. (204 C. 

(e) Cooling.—If agreed to by the purchaser, castings may be rapidly 
cooled by liquid quenching, liquid spraying, or air blasting, after full 

= annealing or normalizing. After any such rapid cooling the castings shall 
be tempered or drawn at a temperature not less than 400 F. (204 C.), to 
relieve cooling stresses. Castings that are liquid quenched, excepting 
those of very simple light-section design, shall be removed from the quench- 
ing bath before they attain room temperature, and shall be placed in a 
furnace for tempering or drawing immediately following removal from the 
quenching bath. 

(f) Annealing Lugs—For the purpose of determining the quality of 
annealing, at least two and not more than four annealing lugs shall be 
cast on all castings weighing 150 lb. and over, also on such lighter castings 
as the purchaser or his inspector may require to be provided with such 
lugs. The locations of the annealing lugs shall be such that, when removed 
by the inspector, they shall indicate the effectiveness of the annealing 
treatment. The annealing lug shall be 1 in. in height, 1 in. in width, and 
in. in thickness where the lug joins the casting. 

(g) Reannealing.—If, in the opinion of the inspector, a casting is not 
properly annealed, he may at his option require the casting to be reannealed. 


Temperature Control 

4. Furnace temperatures for heat treating shall be controlled effec: 
Chemical Composition 

5. (a) Steel used for the castings shall conform to the following requite- 
ments as to chemical composition: 


GRADES GRADE 
AI, A-2 and B 
Phosphorus, max., per 0.05 
‘Sulfur, cont { 0.05 0.05 


th 
fac 


| 
| 
to 
an 
shi 
tes 
th 
an 
pu 
| tes 
col 
in 
agi 
an 
ne 
an. 
Te 
i mt 
slo 
Ute 
Gr. 
Gr: 
Gr. 
i ha 
he 
de 
Te: 
an 


A 


A.S.T.M. DEsIGNATION: A 87-35 T 


ired (b) Unless otherwise specified, the contents of carbon, silicon, and in 

‘ain; the case of Grade C other alloying elements, shall be selected by the manu- 
facturer to obtain the physical properties specified. 

Ladle Analyses 


6. An analysis of each melt of steel shall be made by the manufacturer 


lired 
to determine the percentages of carbon, manganese, phosphorus, sulfur 


t be and all other elements intentionally present in the steel. This analysis 
sane shall be made from drillings taken at least } in. beneath the surface of a 
), test ingot made during the pouring of the melt. ‘The chemical composition 
— thus determined shall be reported to the purchaser or his representative, 
9g oF and shall conform to the requirements specified in Section 5 (a), and to 
C). such additional requirements as may have been agreed upon between the 
pidly purchaser and manufacturer. 


full Check Analysis 


shall 7. An analysis may be made by the purchaser from a broken tension 

), to test specimen or from a casting representing any melt. ‘The chemical 

pting composition thus determined shall conform to the requirements specified 

ench- in Section 5 (a) and to such additional requirements as may have been 

agreed upon between the purchaser and manufacturer. Drillings for 
n the 


analysis shall be taken at least } in. beneath the surface, and in such man- 

ner as not to impair the usefulness of any casting selected for such check 

ty of analysis. 

ll be 
Tension Tests 


stings 

such 8. (a) Steel used for the castings shall conform to the following mini- 

noved mum requirements as to tensile properties,' determined from the required 

ealing number of specimens having a 2-in. gage length, conforming to the dimen- 

1. and sions shown in Fig. 1: 

ELONGATION REDUCTION 

TENSILE STRENGTH, YIELD POINT, IN 2 IN., oF AREA, 

. ot LB. PER SQ. IN. LB. PER SQ. IN. PER CENT PER eapcaicl 

isn Grade A-1 (Carbon steel)............. 60 000 30 000 22 30 

ealed. Grade A-2 (Carbon steel)............. 60000 30 000 26 38 
Grade B (Carbon steel)............... 70 000 38 000 24 36 
va peseabebabecsvinmcames 90 000 55 000 22 40 

effec: (b) The yield point shall be determined by the drop of the beam or 


1 halt in the gage of the testing machine, or by an extensometer, at a cross- 
head speed not to exceed } in. per min. ‘The tensile strength shall be 7 


quire- determined at a speed of head not to exceed 1} in. per min. 

Test Specimens 
- _9. Tension test specimens shall be machined by the manufacturer 
; and shall conform to the dimensions shown in Fig. 1. 
5 
6 ' Because it has come to the attention of Committee A-1 on Steel that the intent of tension test require- 
5 


4 not intended that a maximum limit shall be placed on any tensile property required in these specifications. 


ments in some specifications has at times been misinterpreted, the committee wishes to make it clear that it ial 


563 


564 SPECIFICATIONS FOR STEEL CASTINGS FOR RAILROADS 

Number of Tests chi 
10. (a) A sufficient number of test coupons from which the required | chi 
test specimens may be prepared shall be cast attached near the end of fai 
each locomotive frame, to each locomotive cylinder, to each wheel center, sp 

and to each other casting weighing over 150 lb. each, except as otherwise 
specially provided for in these specifications. The test coupons shall cas 
remain attached to the castings throughout annealing and until the cast- me 
ings are presented for inspection. If the design of the casting is such that be 
the test coupon cannot satisfactorily be attached to it, the coupon shall wh 

be attached to a runner connected with the casting. The locations of the 
test coupons and the method of casting them shall be subject to mutual thi 
agreement between the purchaser’s inspector and the manufacturer. In un 
the case of orders for castings weighing under 150 lb. each, the physical ag. 

properties required in Section 8 (a) shall be determined from an extra 
or spare test coupon cast attached to another casting from the same melt. pa 
Radius not less \g---------2 
Note :-The Gage Length, thang*.| Parallel Section 
Paralle] Section, and | 
in such aWay that the for Elongation ch 
_ load shall be axial. after Fracture | ins 
Fic. 1.—Standard 2-in. Gage Length Tension Test Specimen. of 

(b) One tension test shall be made from a location near each end of m 
every locomotive frame, and each such test shall conform to the require- 
ments specified in Section 8 (a). One tension test may be made from each to 
wheel center and each locomotive cylinder casting, and at least one tension - 
test shall be made from one wheel center and one locomotive cylinder th 
from each melt. 

(c) One tension test shall be made for each melt represented by the thi 
castings covered by these specifications, with the exception of locomotive " 
frames, wheel centers, and locomotive cylinders specially provided for in - 
Paragraph (b) of this section; and with the further exception of lot-group- Alt 
ings specially provided for in Paragraph (d) of this section. 

(d) Consecutive Melts of Certain Castings—After the acceptance of th 
15 consecutive melts used for making castings other than locomotive te 
frames, wheel centers, and cylinders, the manufacturer may, for applica- m: 
tion to all other castings, group succeeding melts in groups of five melts fo) 
each, not exceeding 40 tons in weight per group. With the exceptions - 
stated above, the castings in each such group shall be accepted if the cha 
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; A.S.T.M. DESIGNATION: A 87-35 T 
chemical analyses and the test specimen representing the group fulfill the 
chemical and physical requirements of these specifications. If this test 
fails, a rehearing shall be granted for the melt represented by the failed 
specimen, and the four other melts of the group shall be tested individually. 

(e) If a period of more than six months elapses between shipments of 
castings other than locomotive frames, wheel centers, and cylinders, each 
melt shall be tested individually until 15 of the consecutive melts have 
been accepted, as provided for in Paragraph (d) of this section; after 
which the melts may again be grouped. 

(f) If one or more melts of a group provided for in Paragraph (d) of 
this section are rejected, each succeeding melt shall be tested individually 
until 15 consecutive melts have been accepted; after which the melts may 
again be grouped. 

(g) Small Orders—When either the purchaser’s order, the available 
pattern equipment, or the foundry equipment is such that there cannot 
be cast in one melt more than five bolsters, truck sides, draft arms, yokes, 
or other castings of miscellaneous character weighing more than 150 lb. 
each, the physical properties specified in Sectidn 8 (a) shall be determined 
from an extra or spare test coupon cast with or attached to another casting 
of the same melt. 

(kh) When insufficient coupons have been cast to cover the tension 
test requirements of these specifications, a test specimen may be cut from 
a finished casting at a location mutually agreed upon by the purchaser’s 
inspector and the manufacturer, to cover any deficiency in the number _ 


ofavailable coupons. 
Retests | : 


11. (a) If the results of the physical test for any lot! do not conform 
to the requirements specified, the manufacturer may re-anneal such lot, but 
not more than twice. ‘The results of acceptable retests shall conform to 
the requirements specified in Section 8 (a). 

(b) If the percentage of elongation of any tension test specimen is less 
than that specified in Section 8 (a) and any part of the fracture is more 
than } in. from the center of the gage length, as indicated by scribe scratches 
marked on the specimen before testing, a retest shall be allowed. 


Alternative Tests to Destruction : 

12. When the purchaser’s order covers castings weighing not more 
than 150 lb. each, a test to destruction may be substituted for the tension 
test, at the option of the purchaser’s inspector. ‘his test shall show the 
material to be ductile, free from injurious defects, and apparently suitable 
for the purpose intended. 


d ‘The term “lot” as used in this Paragraph means all castings from each melt in each heat-treatment 
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Permissible Variations in Weight —& Rej 

13. The normal weights of castings shall have been previously agreed 
upon by the purchaser and the manufacturer. Shipment lots of castings the 
shall not vary more than 5 per cent above nor more than 3 per cent below 


the weight agreed upon as normal for the affected casting. tior 
mal 
Workmanship 


14. All castings shall be made in a workmanlike manner and shall Reh 
conform substantially to the dimensions on drawings furnished by the 
purchaser before manufacture is started; or to the dimensions predicated 14 
by the pattern supplied by the purchaser, if no drawing has been provided. the 

witl 
Finish 


15. (a) The castings shall be free from injurious defects, and shall be 
satisfactorily cleaned for their intended use when offered for inspection. 

(b) Minor defects that will not ultimately impair the strength of the 

castings may, with the consent of the purchaser’s inspector, be welded by 

an approved process. ‘The defects shall first be cleaned out to solid metal, 

and after the castings are welded they shall be heat treated, if required by 


the purchaser’s inspector. 
Marking 


16. The manufacturer’s name or identification mark and the pattern 
number, also the purchaser’s initials when specified, shall be cast on all 
castings. In addition, a serial number and other numbers indicating the 
month and year of manufacture shall be cast on all bolsters, truck side 
frames, wheel centers, cylinders, and similar castings. The locations 
and sizes of numbers shall be agreed upon by the manufacturer and the 
purchaser’s inspector. 


Inspection 

17. (a2) The inspector representing the purchaser shall have free 
entry, at all times while work on the contract of the purchaser is being 
performed, to all parts of the manufacturer’s works which concern the 
manufacture of the material ordered. The manufacturer shall afford 
the inspector, without charge, all reasonable facilities to satisfy him that 
the material is being furnished in accordance with these specifications. 
All tests (except check analyses) and inspection shall be made at the place 
of manufacture prior to shipment, unless otherwise specified, and shall 
be so conducted as not to interfere unnecessarily with the operation 0! 
the works. 

(b) The purchaser may, at his own expense, in his own laboratory oF 
elsewhere, make tests to govern the acceptance or rejection of material 
ordered. 

wie * 
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Rejection 

18. (a) Material represented by samples which fail to conform to 
the requirements of these specifications shall be rejected. 

(b) Material which shows injurious defects following original inspec- 


tion and acceptance at the manufacturer’s works shall be rejected. The 
manufacturer shall be notified promptly of such rejection. 


Rehearing 


19. Tested samples representing rejected material shall be held for 
1+ days from the date of the test report. In case of dissatisfaction with 


the results of the tests, the manufacturer may make claim for a rehearing 
within that time. _ 
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TENTATIVE SPECIFICATIONS be g 
FOR ing 
CARBON-STEEL CASTINGS FOR MISCELLANEOUS hall 
INDUSTRIAL USES! 
A.S.T.M. Designation: A 180-35 T 
This is a Tentative Standard and under the Regulations of the Society is subject to heat 
annual revision. Suggestions for revision should be addressed to the Headquarters of the for t 
Society, 260 S. Broad St., Philadelphia, Pa. ee va of th 
ISSUED, 1935.2 

Scope 
1. These specifications cover carbon-steel castings to be used for 
miscellaneous industrial purposes, as distinguished from carbon-steel cast- sie 
ings made for railroad, marine, and high-temperature applications. Six inte 
grades of castings are covered: namely, that 
Grade N-1.—Castings not required to be physically tested, nor to be (260 

heat-treated except as conditionally provided for in Section 3. 
Grade N-2.—Castings not required to be physically tested, but required shal 
to be annealed. al 
Grade A-1.—Castings of this grade as specified by the purchaser, the 
required to be physically tested but not required to be heat treated except me 

as conditionally provided for in Section 3. 

Grade A-2.—Castings of this grade as specified by the purchaser, 7“ 


required to be annealed and to be physically tested. wall 
Grade B.Castings of this grade as specified by the purchaser, required hold 
to be annealed and to be physically tested. 


resu 
Grade H.—Castings of this grade as specified by the purchaser, required blas 

to be annealed and to be physically tested. unle 
Process ings 
2. The steel shall be made by one or more of the following processes: De 
open-hearth, electric-furnace, converter, or crucible. | tem 
requ 

Heat Treatment ( 


3. (a) A heat treatment, either by normalizing or by full annealing, = 
shall be applied to all castings of Grades N-2, A-2, B, and H, and to all 


1 Under the standardization procedure of the Society, these specifications are under the jurisdiction of the 
A.S. P.M. Committee A-1 on Steel. dard A, 

These specifications are in effect a tentative revision of, and will supersede when adopted as on ‘ The 
the present Standard Specifications for Carbon-Steel Castings (A.S.T.M. Designation: A 27 - 24), 1933 Boo 
of A.S.T.M. Standards, Part I, p. 229. 

? Accepted for publication as tentative by Committee E-10 on Standards, August 22, 1935. 
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castings of Grades N-1 and A-1 when their carbon content exceeds 0.30 
per cent (Note 1). Unless otherwise specified, all castings may be normal- 
ized or full annealed one or more times, and be given a supplementary 
heat treatment by tempering or drawing; all at the option of the manufac- 
turer. At the option of the purchaser, castings so designated by him may 
be given a supplementary heat treatment that includes accelerated cool- 
ing by liquid quenching, liquid spraying, or air blasting (Note 2). 

(b) All those castings that are to be heat treated in any manner 
shall have been allowed to cool after pouring, to a temperature below the 
critical range. 

(c) Normalizing—The procedure for normalizing shall consist of 
heating the castings to the proper temperature above the critical range 
for the required time as preliminary procedure for the ultimate refinement 
of the grain, and cooling in still air at room temperature (Note 3). 

(d) Full annealing.—The procedure for full annealing shall consist 
of heating the castings to the proper temperature above the critical range 
for the required time as a preliminary procedure for the ultimate refine- 
ment of the grain, and cooling slowly in the furnace (Note 3). No casting 
s0 treated shall be removed from the furnace until the pyrometer indicates 
that the entire furnace charge has fallen to a temperature as low as 500 F’. 

260 C.). 

(e) Tempering or Drawing.—The procedure for tempering or drawing 
shall consist of heating such castings as have been normalized or full an- 
nealed, or given an authorized accelerated cooling, to a temperature below 
the critical range but not less than 400 F. (204 C.), and cooling by a suitable 
method to obtain the desired results. 

(f) Cooling.—The procedure for accelerated cooling by liquid quench- 
ing, liquid spraying, or air blasting shall follow heating the castings grad- 
ually to a suitable temperature (above or below the critical range), and 
holding at that temperature for the proper time to obtain the desired 
results. All castings that have been cooled by liquid contact or an air 
blast shall be tempered or drawn to relieve cooling stresses and/or strains, 
unless otherwise agreed to by the purchaser. With the exception of cast- 

gs of very simple light section design, all liquid-quenched material shall 

removed from the quenching bath before the castings attain room 
‘emperature, and shall be placed in the heat-treatment furnace for any 
required tempering or drawing immediately following removal from the 
juenching bath (Note 4). 

Note 1.—According to current, officially accepted definitions, the term ‘‘heat treat- 
‘nt covers any method of intentionally and systematically applying heat to a metal 
r it has cooled following pouring. Consequently the term now is used without regard 
whether such heat is applied one or more times, and irrespective of the cooling procedure. 


ae “annealing” is authoritatively intended to cover either ‘“‘normalizing’’ (air 
ing) or “full annealing’ (furnace cooling). 
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Note 2.—Accelerated cooling by liquid contact develops properties that are advan. 
tageous for certain purposes, when the details of steel casting design, of chemical composi- 
tion, and of shop practice are suitable for liquid quenching or liquid spraying. The bene. 
ficial results obtainable by liquid quenching or liquid spraying include differential hardening, 
whereby some surfaces are made noticeably resistant to abrasion, while other portions of 
the castings retain more ductile and more easily machined properties. 

7 Note 3.—The proper time for holding or ‘“soaking’’ castings of moderate thickness 
at maximum temperature in the heat-treating furnace is believed by many persons to be 
one hour per inch of thickness of the heaviest member. ° 

Note 4.—Usually the degree of hazard from cooling by liquid contact is estimated 
somewhat in proportion to the existing size and nearness to uniformity in member-thickness, 
Suitable equipment and technique employed for liquid quenching are important factors 
in obtaining desired results. 


Temperature Control 


4. Furnace temperatures for heat treating shall be controlled effec- 
tively by pyrometers. 


Chemical Composition 
5. Steel used for the castings shall conform to the following require- 
ments as to chemical composition: 


Ladle Analysis 


6. An analysis of each melt of steel shall be made by the manufacturer 
to determine the percentages of carbon, manganese, silicon, phosphorus 
and sulfur. This analysis shall be made from drillings taken at least } in. 


beneath the surface of a test ingot made during the pouring of the melt. 
The chemical composition thus determined shall be reported to the pur- 
chaser or his representative, and shall conform to the requirements specified 
in Section 5. 


Check Analysis 


7. An analysis may be made by the purchaser from a broken tension 
test specimen or from a casting representing any melt. The chemical 
composition thus determined shall conform to the requirements specified 


in Section 5. Drillings for analysis shall be taken at least } in. beneath 
the surface, and in such manner as not to impair the usefulness of any 


casting selected for such check analysis. 


8. (a) The tensile properties! of steel used for castings of the grades 

_ that require physical testing shall be determined from the required number 

of specimens having a 2-in. gage length, conforming to the dimensions 
shown in Fig. 1. 


ntent of tension test require 
ments in some specifications has at times been misinterpreted, the committee wishes to make it clear a 
is not intended that a maximum limit shall be placed on any tensile property required in these specifica 


1 Because it has come to the attention of Committee A-1 on Steel that the i 
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(b) Unless otherwise specified or agreed to between the purchaser 
and the manufacturer, the tensile properties of the castings shall be deter- 
mined from test coupons of any design selected by the manufacturer. 
One or more coupons, in the number required for the tension tests prescribed 
in these specifications, shall be cast separately on a specially designed test 
block or be cast attached to a commercial casting, in each melt used for 
manufacture of the castings purchased (Note 5). All test coupons may 
be cast separately unless otherwise specified or agreed to between the 
purchaser and the manufacturer. When a coupon is cast attached to a 
commercial casting, the manufacturer shall be permitted to select the 
location for the coupon and to provide for its attachment directly or by 
means of a runner connecting the commercial casting with the coupon 
or with a special block that may be needed for feeding the coupon. ‘Test 
coupons shall be sufficient in size and number to provide the test speci- 


Radius not less 
| 


“ 4 
Note :- The Gage Lenath, thang . Parallel Section | 


Parallel Section, and 

Shown, but the Ends | y | 

may be of any Shape 

to fit the Holders of 0.005--- 

the Testing Machine Length 

in such aWay that the for Elongation 

load shall be axial, after Fracture 


Fic. 1.—Standard 2-in. Gage Length Tension Test Specimen. 


(c) When the suitability of tensile properties in the castings is based 
on the testing of specimens from coupons designed and cast as described 
in Paragraph (b) of this section, the minimum tensile requirements shall 
be as follows: =~ 


TENSILE ELONGATION REDUCTION 
STRENGTH, Pornt, IN 2 IN,, oF AREA, 
; LB. PER SQ. IN. LB. PER SQ. IN. PER CENT PER CENT 
Grade A-1, Unannealed (Note 6)........ 60 000 30 000 Zz 30 
Grade A-2, Normalized or Full annealed 
60 000 30 000 26 38 
Grade B, Normalized or Full annealed 
70 000 38 000 24 36 
e H, Normalized or Full annealed ; 
80 000 43 000 17 


(d) The yield point shall be determined by the drop of the beam or 

halt in the gage of the testing machine, or by an extensometer, at a cross- 

head speed not to exceed % in. per min. The tensile strength shall be 
determined at a speed of head not to exceed 1} in per min. 

Note 5.—The special test block conventionally used in many steel foundries, frequently 


en a “keel-block,” consists of a slab or plate having a small area and one or more under- 
ying ribs. The slab or upper portion is made sufficiently thick to properly feed the ribs 
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or coupons, which often are approximately 1 in. thick. Specimens from coupons made 
uniformly in some such manner afford the only reliable means for making accurate com- 
parative evaluations of steel used for casting manufacture. 

; Lower combinations of physical properties than those specified herein are obtained 
in testing specimens from coupons attached for their entire length directly to massive 
casting members formed under such conditions as to make the coupons cool very slowly, 
Greatly retarded initial cooling develops a larger granular structure than is found in coupons 
of the kind contemplated for the tension tests herein prescribed. ‘This structure has an 
important influence on the physical properties of the steel as cast, and on the degree to 
which such properties may be affected by the heat treatment applied to the casting. 

Higher combinations of physical properties than those specified herein are obtained in 
testing specimens from coupons on conventional test blocks, when the coupons are liquid 
quenched and subsequently tempered or drawn. 

Notre 6.—Grade B is used most extensively in making castings for miscellaneous 
industrial applications, and is easily machined with ordinary machine tools. Grades A-1 
and A-2 are produced intentionally with such a low-carbon content as to make the material 
very soft and machineable with great ease, either in the ‘‘as-cast”’ or in the annealed con- 
dition. The carbon content adapts Grades A-1 and A-2 effectively for fusion fabrication 
with wrought parts of low-carbon steel. Grade H is used for purposes that call for higher 
strength and less required ductility than are typical of Grade B, and usually is machined 
without appreciable difficulty with modern tools. 

Test Specimens 

9. (a) Such physical test coupons as may have been connected directly 
or by runners to commercial castings (Section 8 (b)) shall remain so attached 
until the material is submitted for inspection. All physical test coupons 
shall be heat treated with the castings represented by them unless the 
purchaser authorizes separate heat treatment. Test coupons shall be 
provided by the manufacturer without extra charge in sufficient number 
to furnish specimens for all tests, except as otherwise agreed to between 
the purchaser and the manufacturer. 

(b) If agreed to between the manufacturer and the purchaser’s in- 
spector, tension test specimens may be taken from commercial castings 
instead of from special coupons. 

(c) Tension test specimens shall be machined by the manufacturer 
and shall conform to the dimensions shown in Fig. 1. The ends shall be 
of a form to fit the holders of the testing machine in such a way that the 


load shall be axial. 
Number of Tests 

10. (a) One tension test shall be made from each melt in each heat 
treatment charge. 

(b) If any test specimen shows defective machining or develops flaws 
it may be discarded, in which case another specimen from the same lot’ 
shall be substituted. 

(c) After the acceptance (for one or more orders) of 15 consecutive 
melts containing castings subject to physical tests, the manufacturer may 
assemble the castings from succeeding melts in groups of five melts each, 
not exceeding 40 tons in weight per group. Each such group shall be 
accepted if the chemical analyses and the specimen representing the group 
fulfill the chemical and physical requirements of these specifications. If 
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this test fails, a rehearing shall be granted for the melt represented by the 
failed specimen, and the four other melts of the group shall be tested 


individually. 


Retests 

11. (a) If the results of the physical test for any lot! do not conform 
to the requirements specified, the manufacturer may reheat treat such lot, 
but not more than twice. The results of acceptable retests shall conform 
to the requirements specified in Section 8 (c). 

(b) If the percentage of elongation of any tension test specimen is less 
than that specified in Section 8 and any part of the fracture is more than 
+ in. from the center of the gage length, as indicated by scribe scratches 


marked on the specimen before testing, a retest shall be allowed. a 


Workmanship 

12. All castings shall be made in a workmanlike manner and shall 
conform substantially to the dimensions on drawings furnished by the 
purchaser before manufacture is started; or to the dimensions predicated 
by the pattern supplied by the purchaser, if no drawing has been provided. 


Finish 
13. (a) The castings shall be free from injurious defects, and shall be 
satisfactorily cleaned for their intended use when ofiered for inspection. 
(}) Minor defects that will not ultimately impair the strength of the 
stings may, with the consent of the purchaser’s inspector, be welded by 
an approved process. ‘The defects shall first be cleaned out to solid metal, 
and after the castings are welded they shall be heat treated, if required by 
the purchaser’s inspector. 


Marking 


14. The manufacturer’s name or identification mark and the pattern 
number, also the purchaser’s identification marks when specified, shall be 
ist on all castings excepting those of such small size as to make such 
marking impracticable. In addition, the numbers of the melts used for 
pouring the castings shall be stamped on all castings individually weighing 
300 lb. or more. The locations and sizes of cast identification marks 
shall be as agreed upon between the manufacturer and the purchaser’s 
inspector (Note 7). 
., Note 7.—The resistance of a sand mold to the erosive effect of in-flowing metal is 
aided by smooth mold surfaces. Cast identification marks are formed by making inden- 
ations on the face of the mold. For the prevention of small defects caused by dislodged 


ticles of molding sand there should be provided the minimum feasible number of cast 
identification marks. 


io term “‘lot’’ as used in this paragraph means all castings from each melt in each heat-treatment 
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Inspection 

15. The inspector representing the purchaser shall have free entry, 
at all times while work on the contract of the purchaser is being performed, 
to all parts of the manufacturer’s works which concern the manufacture 
of the material ordered. The manufacturer shall afford the inspector, 
without charge, all reasonable facilities to satisfy him that the material is 
being furnished in accordance with these specifications. All tests (except 
check analyses) and inspection shall be made at the place of manufacture 
prior to shipment, unless otherwise specified, and shall be so conducted 
as not to interfere unnecessarily with the operation of the works. 


Rejection 

16. (a) Unless otherwise specified, any rejection based on tests made 
in accordance with these specifications shall be reported within five working 
days from the receipt of samples. 

(b) Material which shows injurious defects following original inspec- 
tion and acceptance at the manufacturer’s works shall be rejected. The 
manufacturer shall be notified promptly of such rejection. : : 
Rehearing 4 


17. Tested samples representing rejected material shall be held for 
14 days from the date of the test report. In case of dissatisfaction with 


the results of the tests, the manufacturer may make claim for a rehearing 
within that time. 
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ture 
ted This is a Tentative Standard and under the Regulations of the Society is subject to 
Cue nual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 
IssuED, 1935.? 
Scope 
hide 1. (a) These specifications cover forged or rolled steel flanges to be 
attached to piping or pressure vessels for general service. (See Explanatory 
Note). 
ag (b) Two classes of material are covered, designated as Classes I and IT, 


chemical and physical properties as specified in Sections 6 and 9 (a). 


7 respectively. These materials are classified in accordance with their 


Certification of Test 


bo 2. Unless otherwise specified on the order, a certification that the 
asing material conforms to the requirements of these specifications shall be the 


basis of acceptance of the material. 


Process 


3. The steel may be made by either or both of the following processes: 
open-hearth or electric furnace. 


Discard 
4. A sufficient discard shall be made from each ingot to secure freedom | 


from injurious piping and undue segregation. 


5. (a) Flanges shall be rolled or forged in a manner such that the 
grain flow shall be of a nature that is most favorable for resisting the stresses 
encountered in service. 

(b) Flanges shall be protected against sudden or too rapid cooling 
from the rolling or forging while passing through the critical range. 


Chemical Composition 


6. The steel shall conform to the following requirements as to chemical _ 
composition: 
AS: 1 Under the standardization procedure of the Society, these specifications are under the jurisdiction of the 
T. - Committee A-1 on Steel. 
pted for publication as tentative by Committee E-10 on Standards, August 22, 1935 a 
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Crass I Crass II 
Manganese, per cent. . 0.40 to 0.80 
Phosphorus, max., per 0.05% 0.05% 
Sulfur, max., per 0.05% 0.05% 


* The carbon content of Class IT material shall be a matter of agreement between the purchaser and the 


Ladle Analysis 


7. An analysis of each melt of steel shall be made by the manufacturer 
to determine the percentages of the elements specified in Section 6. 


Check Analysis 

8. (a) An analysis may be made by the purchaser from one forged 
or rolled flange representing each melt. The chemical composition thus 
determined shall conform to the requirements specified in Section 6, except 
that the phosphorus and sulfur content may each be 0.055 per cent. 


Radius notless _\«--------- 
Note :- The Gage Length, thang i | Parallel Section \ BO 
Paralle/ Section, and | 
Shown, but the Ends H i 
may be of any Shape . 
to fit the Holders of 0.0057--» 
the Testing Machine ; Gage Length 
in such aWay that the _ for Elongation 
load shall be axial. after Fracture 


Fic. 1.—Standard 2-in. Gage Length Tension Test Specimen. 


(b) All drillings for analysis shall be taken at least } in. below the 
surface, or turnings may be taken from tension test specimens. 


Tension Tests 
9. (a) Forged or rolled steel flanges shall conform to the following 
minimum requirements as to tensile properties: 


Crass I Crass II 


Tensile strength, Ib. per sq. in...............0.000 60 000 70 000 
30 000 36 000 


(b) The yield point shall be determined by the drop of the beam or 
halt in the gage of the testing machine, or by the use of dividers, at a cross 
head speed not to exceed } in. per min. The tensile strength shé shall be 
determined at a speed of head not to exceed 13 in. per min. 


Tension Test Specimens 

10. The tension test specimens shall conform to the dimensions show! 
in Fig. 1. The ends shall be of a form to fit the holders of the testing 
machine in such a way that the load shall be axial. 
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Number of Tests 
0 11. (a) One tension test shall be made from each melt. 

(b) If any test specimen shows defective machining or develops flaws, 
it may be discarded and another specimen substituted. 


— (c) If the percentage of elongation of any test specimen is less than 
that specified in Section 9 (a) and any part of the fracture is more than ? in. 
from the center of the gage length, as indicated by scribe scratches marked 

urer on the specimen before testing, a retest shall be allowed. 

- (d) For the purpose of making tension tests specified in Paragraph (a), 

a the manufacturer shall supply suitable test specimens from the flange or 

rged at his option furnish test specimens cut from the billets or forging bar 


thus entering into the finished product, providing such test specimen has under- 
gone approximately the same working and treatment as the finished product. 


cept 
Retests 
7 12. If any of the results of the physical tests for any melt do not con- 
form to the requirements specified in Section 9 (a), a retest may be made on 
i specimen cut from a flange of the same melt furnished. ‘This retest shall 
- sive results conforming to the requirements of Section 9 (a). 


Workmanship 
13. (a) The flanges shall conform to the sizes and shapes specified 
by the purchaser. 
: (b) The flanges shall be free from injurious defects and shall have a 
orkmanlike finish. 


w the Marking 


14. Flanges shall be marked in accordance with the Product Marking 

system (No. SP-25-1934) of the Manufacturers Standardization Society 

owing of the Valves and Fittings Industry, and in such position as not to injure 
the usefulness of the flanges. In addition, they shall be marked with the 

Roman numeral I or II to designate the class of material as specified in 


7 Sections 6 and 9. 
2 


Inspection 
ne 15. The inspector representing the purchaser shall have free entry, 
got tall times while work on the contract of the purchaser is being performed, 
val be to all parts of the manufacturer’s works which concern the manufacture 


{ the flanges ordered. The manufacturer shall afford the inspector, 
‘ithout charge, all reasonable facilities to satisfy him that the flanges are 
ting furnished in accordance with these specifications. All tests (except 
; shown heck analyses) and inspection shall be made at the place of manufacture 
testing Jf Ptor to shipment and shall be so conducted as not to interfere unnecessarily 
with the operation of the works. 
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Rejection 

16. (a) Unless otherwise specified, any rejection based on tests shall 
be reported within twelve working days from the receipt of samples. 

(b) Flanges which show injurious defects while being finished shall be 
rejected. 


17. Samples tested in accordance with Section 8, which represent 
rejected flanges, shall be preserved for two weeks from the date of the test 
report. In case of dissatisfaction with the results of the tests, the manu- 
facturer may make claim for a rehearing within that time. 


EXPLANATORY NOTE 


Note.—Reference may be made to the dimensional standards formulated by the 
Sectional Committee on Standardization of Pipe Flanges and Fittings under the procedure 
of the American Standards Association, A.S.A. Project B16 and more specifically to the 
American Standards for Steel Flanged Fittings and Companion Flanges, B16 e—1932. 
Copies of this American Standard are obtainable from the American Standards Association 
or from the American Society of Mechanical Engineers, 29 West 39th St., New York City. 
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TENTATIVE SPECIFICATIONS 


FOR 


ELECTRIC-RESISTANCE-WELDED STEEL AND OPEN-HEARTH 
IRON BOILER TUBES! 


oy A.S.T.M. Designation: A 178 - 35 T OS 


This is is a Tentative Standard and under the Regulations of the Society is subject to 


annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1935.? 
Scope 


1. These specifications cover electric-resistance-welded tubes made 
of steel and open-hearth iron and intended for boiler tubes, boiler flues, 
superheater flues, safe ends (Note) and arch tubes. 

Note.—Grade C tubes are not suitable for safe ending by forge welding. 
Process 

2. The material shall be made by either or both of the following 
processes: open-hearth or electric-furnace. 
Heat Treatment 

3. Electric-resistance-welded tubes shall be normalized at a tempera- 
ture above the upper critical temperature. 
Chemical Composition 


4. The material shall conform to the following requirements as to 
chemical composition : 
GRADE A GraDE B GRADE C 


Low-CarBON STEEL OpEN-HEARTH [RON MEDIUM-CARBON STEEL 
Carbon, per 0.08 to 0.18 0.03 max. 0.35max, 
Manganese, 0.30 to 0.60 0.03 max. 0.80 max. 
Phosphorus, max., per cent...... 0.04 0.02 0.04 
ulfur, max., per cent........... 0.045 = 0.045 0.045 
Check Analyses 


5. (a) Analyses of two tubes from each lot of 250 — or fraction 
thereof, and from each lot of 2000 ft. or fraction thereof of safe-end material 
may be made by the purchaser. Drillings for analysis shall be taken from 
several points around each tube selected for analysis. ‘The chemical com- 


Position thus determined shall conform to the requirements specified in 
ection 4. 


i. ‘Under the standardization gaptes of the Society, these specifications are under the jurisdiction of 
AST, Committee A-1 on 


ted for publication as tentative by Committee E-10 on Standards, August 22, 1935. 
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(b) If the analysis of one tube does not conform to the requirements 
specified, analyses of two additional tubes from the same lot shall be made, 
each of which shall conform to the requirements specified in Section 4. 4 


Flange Tests 


6. (a) For tubes not more than 6 in. in diameter and having a thickness 
not exceeding 10 per cent of their outside diameter, and providing the 
thickness does not exceed No. 6 B.w.g. (0.203 in.), a test specimen not less 
than 4 in. in length shall be capable of having a flange turned over at 
right angles to the body of the tube without cracking or showing any flaw. 
This flange, as measured from the outside of the tube, shall in no case be 

Position Position 
after Usin d, | after Using 
Flaring Flatter 


A=Outs. Diam. of Tube less Fy pom 
B= Outs. Diam. of Tube less 3" A=Outs. Diam. of Tube 


C= Outs. Diam. of Tube plus 
Die Block 


Flaring Tool 
Fic. 1.—Flaring Tool and Die Block for Flange Test. 


less than } in. nor more than } in. Within these limits, the width of flange 


shall be not less than the following: 


OutsipE DIAMETER WipTtH oF FLANGE 
oF TUBE, IN. Graves A AND B Grape C 


Up to 2}, incl 15 per cent of outside diameter 75 per cent of 
Over 23 to 33, incl 2 in. that required for 
Over 3{ to 6, incl 10 per cent of outside diameter Grades A and B 
(b) For tubes other than specified in Paragraph (a) the flange test 
shall not be required. 
(c) In making the flange test, it is recommended that the flaring tool 
and die block shown in Fig. 1 be used. 


Flattening Tests 

7. (a) For tubes, except Grade C, having a wall thickness not exceed- 
ing 10 per cent of their outside diameter, and providing the thickness does 
not exceed No. 6 B.w.g. (0.203 in.), a test specimen 23 in. in length shall 
stand flattening between parallel plates, without cracking or showing 


any flaw, until the distance between the plates is three times the wall 
thickness. 
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nts (b) For tubes, except Grade C, other than specified in Paragraph (a), 
de, a test specimen 23 in. in length shall stand flattening between parallel 


plates, without cracking or showing any flaw, until the distance between 
the plates is four times the wall thickness. 
(c) For Grade C tubes, a test specimen not less than 2} in. in length 


7 shall be flattened between parallel plates with the weld at the point of 
the maximum bending until opposite walls of the tube meet. No opening in 
less the weld shall take place until the distance between the plates is less than 
don two-thirds of the original outside diameter of the tube. No cracks or 
law. breaks in the metal elsewhere than in the weld shall occur until the distance 
e be between the plates is less than one-third of the original diameter of the 
tube. Evidence of laminations or burnt material shall not develop during 
the entire flattening process. 
(d) All flattening tests shall be made with the weld at the point of 
maximum bend. 
Crush Tests 
8. When required by the inspector, crushing tests shall be made on 
test specimens 2} in. in length which shall stand crushing longitudinally, 
ithout cracking, splitting or opening at the weld, as follows: 
( No. 10 B.w.g. or lighter......... to a height of { in. or until outside folds 
srades A and B are in contact 
_ Heavier than No. 10 B.w.g......to a height of 1} in. 
Tension Tests 
9. (a) Grade C tubes shall conform to the following minimum require- 
lange ents as to tensile properties: 
sof (b) The yield point shall be determined by the drop of the bear or | 
d for lt in the gage of the testing machine, or by other approved method. 
"eo (c) Tension: test specimens shall be cut longitudinally from the tube 
e test nd not flattened between gage marks. ‘The sides of the specimen shall be 
parallel between gage marks. If desired the test specimen may consist 
g tool of a full section of the tube, except where the tube in full section exceeds 
the capacity of the testing machine. 
xceed- 10. (2) Tubes under 5 in. in diameter shall withstand an internal 
s does ydrostatic pressure of 1000 lb. per sq. in., and tubes 5 in. or over in diameter 
n shall shall withstand an internal hydrostatic pressure of 800 lb. per sq. in., 


owing provided the fiber stress corresponding to these pressures does not exceed 


e Wa 5,000 Ib. per sq. in. for Grades A and B, and 18,000 lb. per sq. in. for . 
Grade C as determined by the following formula. Should the fiber stress Z 


where P 


S 


corresponding to these pressures exceed the above figures, the hydrostatic 
test pressure shall be determined by the following formula: 
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the hydrostatic test pressure in pounds per square in. 
the allowable fiber stress of 16,000 lb. per sq. in. for Grades A 


and B tubes and 18,000 lb. per sq. in. for Grade C tubes 
t = the thickness of tube wall in inches 
D = the outside diameter of tube in inches 
(b) Tubes shall be struck near both ends, while under the test pressure, 


with a 2-lb. steel-hand hammer or its equivalent. 4 


11. (a) Test specimens shall be taken from finished tubes. They 
shall be smooth on the ends and free from burrs. 
(6) All specimens shall be tested at room temperature. q 


Test Specimens 


Number of Tests 


12. (a) For Grades A and B, one each of the tests specified in Sec- 
tions 6, 7 and 8 shall be made on each of two tubes from each lot of 250 
tubes or fraction thereof, and from each 2000 ft. or fraction thereof of safe- 


end material. 


For Grade C, one each of the tests specified in Sections 6, 


7 (c) and 9 shall be made on each of two tubes from each lot of 250 tubes 
or fraction thereof. 
(b) Each tube shall be subjected to the hydrostatic test specified in 


Section 10. 
Retests 


4 


13. (a) If the results of any physical tests of any lot do not conform 
to the requirements specified in Sections 6, 7, 8 and 9, retests may be made 
on additional tubes of double the original number from the same lot, each 
of which shall conform to the requirements specified. 


(b) If any tension test specimen shows defective machining or develops 
- flaws it may be discarded and another specimen substituted. 

(c) If the elongation of any tension test specimen is less than that 
_ Specified, and any part of the fracture is more than # in. from the center 


4 


of the gage length as indicated by scribe scratches marked on the specimen 


before testing, a retest shall be allowed. 
Standard Weights 


14. The standard weights for tubes of various outside diameters and 
_ thicknesses are given in Table I. 


Note.—The weights given in Table I are theoretical and are based on tubes of the 
exact diameters and wall thicknesses shown. Minimum wall tubes, as called for in these 
specifications, will weigh not more than 15 per cent heavier than those shown, depen ng 
on the size and wall thickness specified. 
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Permissible Variations in Weights and Dimensions 
15. (a) Variations in outside diameter, wall thickness, weight and 
length from those specified, shall not exceed the amounts shown in Table II. 
(b) The diameter measured at any point on the outer circumference 
on finished tubes shall not vary more than the amounts shown in Table II. 
Finish 


16. Finished tubes shall be reasonably straight, free from injurious 
defects, shall have smooth ends, free from burrs, and shall have a work- 
manlike finish. 


TABLE I.—STANDARD WEIGHTS OF ELECTRIC-RESISTANCE-WELDED BoILER TUBES. 
Inctuptne Sarge Enns, Arca Touses anp Larce Borer Toses 


; Weight, Ib. per ft. of length 
4 Thickness 


Outside Diameter, in. 


Weight, lb. per ft. of length 


Outside Diameter, in. 


17. (a2) The name or brand of the manufacturer, the grade of material 
irom which it is made, “Electric resistance welded’”’ and whether steel or 
pen-hearth iron, together with the hydrostatic pressure in pounds at 
which it was tested, shall be legibly stenciled on each tube 1} in. in outside 
liameter and over, provided the length is not under 3 ft. 

(b) On tubes less than 11 in. in diameter and on all tubes under 
3 ft. in length, the name, initials, or brand of the manufacturer, the grade 


| 
es A 
4 Bw. In. 1 1} 13 13 13 13 2 2} 23 
13 | O83 | 2.172 | 1406 | 1582 | 1670 | 1908 | 1.088 | 2.196 | ..... 
12 | cee | | 1619 | 1765 | 1910 | 2056 | 2.201 | 2.492 | 2.783 
11 coo | | 1760 | 1920 | 2080 | 2240 | 2.400 | 2.730 | 3.050 
WO | coe | | 2.986 | 2 184 | 2.813 | 2402 | 2.670 | 3.028 | 3.386 
| In. 23 3 34 34 33 4 
4.817 | 5.175 | 5.533 | 6.248 | 6.964 
5.298 | 5.693 | 6.089 | 6.879 | 7.669 
8 | 0.165....................] 4.555 | 4.996 5.877 | 6.317 | 6.758 | 7.639 | 8.520 
6.382 | 6.863 | 7.344 | 8.305 | 9 266 
2 eee Fs 7.148 | 7.690 | 8.232 | 9.316 | 10.40 
7.707 | 8.294 | 8.881 | 10.05 | 11.23 
Marking 
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and hydrostatic pressure in pounds at which it was tested shall be legibly 
stenciled or indicated on a sticker applied on each tube. 


Inspection 


18. (a) The inspector representing the purchaser shall have free 
entry, at all times while work on the contract of the purchaser is being 
performed, to all parts of the manufacturer’s works which concern the 
manufacture of the material ordered. ‘The manufacturer shall afford the 
inspector, without charge, all reasonable facilities to satisfy him that the 
material is being furnished in accordance with these specifications. All 
tests (except check analyses) and inspection shall be made at the place of 
manufacture prior to shipment, unless otherwise specified, and shall be so 
conducted as not to interfere unnecessarily with the operation of the works. 


7 _ TABLE II.—PERMISSIBLE VARIATIONS IN DIMENSIONS AND WEIGHT OF ELECTRIC- 
RESISTANCE-WELDED BOILER TUBES. 


Outside Diameter 
(Including Out-of W. a hichnom, Weight per foot, Length, n. 


Size, Outside Diameter Roundness, in, 3.w.g.2 per cent 
Under Over | Under Over | Under Over | Under 


4 in. and under 2 0 15 | 0 | 


Over 4 in 2 0 15 0 


® The gaging tolerances given apply only to tubes as manufactured and before swaging and expanding. 


(b) When inspection by the purchaser is waived, the manufacturer 
shall furnish, on request, a statement that the material has been tested 
and has met all the requirements of these specifications. 

Rejection J 

19. (a) Unless otherwise specified, any rejection based on tests made 
in accordance with Section 5 (a) shall be reported within five working days 
from the receipt of samples. 

(b) Tubes when inserted in the boiler shall stand expanding and 
beading without showing cracks or flaws, or opening at the weld. Tubes 
which fail in any of the above operations will be rejected, and the mant- 


facturer shall be notified. 
Rehearing 


20. Samples tested in accordance with Section 5 (a) which represents 
rejected tubes, shall be preserved for two weeks from the date of test 
report. In case of dissatisfaction with the results of the tests, the manu- 
facturer may make claim for a rehearing within that time. 
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TENTATIVE SPECIFICATIONS 

FOR 

SEAMLESS COLD-DRAWN STEEL HEAT-EXCHANGER AND 

CONDENSER TUBES! 

SIZES 3 IN. TO BUT NOT INCLUDING 2 IN. IN OUTSIDE DIAMETER) 
A.S.T.M. Designation: A 179-35 T 

This is a Tentative Standard and under the Regulations of the Society is subject to 


nual revision. Suggestions for revision should be addressed to the Headquarters of the 
iety, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1935.2 


Scope 


1. (a) These specifications cover seamless low-carbon cold-drawn steel 
tubes (Note), for tubular heat exchangers, condensers and similar heat 
transfer apparatus, in sizes } in. to but not including 2 in. in outside 
diameter. 

(b) Tubes shall be specified to two dimensions only, as follows: Out- 
side diameter and minimum wall thickness, or outside diameter and average 
wall thickness. 


Note.—The fundamental requirements of these specifications that is, kind and num- 

ver of tests, dimensional tolerances, inspection, etc., are applicable to types of “‘low-alloy”’ 
Is intended to produce greater strength at elevated temperatures, but not intended 
‘ifically for corrosion resistance at elevated temperatures. When these specifications 
applied to such steels, special requirements as to chemical composition and hardness 
| need to be substituted for those prescribed herein and such requirements shall be a 
tter of mutual agreement between the manufacturer and the purchaser. 


Process 


2. The steel shall be made by either or both of the following processes: 
pen-hearth or electric-furnace. 


Manufacture 


3. (a) Tubes shall be made by the seamless process and shall be cold- 


rawn., 
(b) Tubes shall be annealed to insure ductility. = > _ 


4. The steel shall conform to the following requirements as to chemical 
Mposition. 


Chemical Composition 


Phosphorus, max. per cent.............ccccccccccccscsccees 0.04 


Kae Under the standardization procedure of the Society, these specifications are under the jurisdiction of the 
Committee A-1 on Steel. 


*Accepted for publication as tentative by Committee E-10 on Standards, August 22, 1935. 
(585) 


aa 
ree | 
ing | 
the 
the 
the 
All 
e of | 
SO 
rks. 
Inder 
0 
made 
days 
and 
esents 
manu- 


586 SPECIFICATIONS FOR STEEL HEAT-EXCHANGER TUBES 


Check Analysis 

5. (a) When requested by the purchaser, analyses of two tubes from 
each lot of 250 tubes or fraction thereof shall be made.  Drillings for 
analysis shall be taken from several points around each tube selected for 
analysis. The chemical composition thus determined shall conform to 
the requirements specified in Section 4. 

(b) If the analysis of one tube does not conform to the requirements 
specified, analyses of two additional tubes from the same lot shall be made, 
each of which shall conform to the requirements specified in Section 4. 


Flattening Tests 

6. (a) For tubes having wall thicknesses! not exceeding 10 per cent 
of their outside diameters a section not less than 2} in. in length shall 
stand being flattened between parallel plates until the distance between 


. 1.—Tapered Mandrel for Flaring Test. 
the plates is three times the wall thickness, without cracking or showing 
flaws. 

(b) For tubes having wall thicknesses! exceeding 10 per cent of their 
outside diameters a section not less than 2} in. in length shall stand being 
flattened between parallel plates until the distance between the plates is 
four times the wall thickness, without cracking or showing flaws. 


Flaring Test’ 

7. (a) A section of tube approximately 4 in. in length shall stand 
being expanded over a tapered mandrel having a slope of 1 in 10 (Fig. 1 
until the inside diameter at one end is increased 20 per cent, without crack- 
ing or showing flaws. 

(b) Alternative Flange Test.—For tubes having wall thicknesses* less 
than 10 per cent of the outside diameter, when specified on the order, 4 
flange test may be substituted for the flaring test prescribed in Para- 
graph (a), in which case a test specimen not less than 4 in. in length shall 
be capable of having a flange turned over at right angles to the body of 
the tube without cracking or showing flaws. This flange as measured 


1 The term “wall thickness” shall be defined as the actual ‘‘mean"” wall of the material tested. 
2In determining the ratio of inside diameter to ——- diameter the inside diameter shall be defined 4 
the actual ‘mean inside diameter" of the material tested. 
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from the outside of the tube shall not be less than } in. nor more than in. 
Within these limits, the width of the flange shall not be less than 15 per 
cent of the outside of the tube. 

(c) For tubes heavier than specified in Paragraph (6) the flange test 
shall not be required. 

(d) In making the flange test it is recommended that the flaring tool 


and die block shown in Fig.2 be used. 
Hardness Test 


8. (a) A Rockwell test shall show a hardness number not to exceed 
65 B Scale. 

(b) The hardness test may be made on the tube near the end or on a 
specimen cut from the tube, at the option of the manufacturer. 


Position Position 
after Using 32 rad, | after Using 
Flaring Toot’. Flatter 


A=Outs. Diam. of Tube less 2 , fe 
B= Outs. Diam. of Tube less A=Outs. Diam. of lube plus 3p 


C=Outs. Diam. of Tube plus >" 
Flaring Tool Die Block 


Fic. 2.—Flaring Tool and Die Block for Flange Test. 


(c) In making the Rockwell hardness tests reference should be made 
to the Tentative Methods of Rockwell Hardness Testing of Metallic Ma- 
terials (A.S.T.M. Designation: E 18-33 T) of the American Society for 


Hydrostatic Test 7 
9. Each tube shall be tested at the mill and shall withstand a hy- 


drostatic pressure of 1000 lb. per sq. in. 
Test Specimens 


10. (a) Test specimens shall be taken from the ends of finished tubes 


before being cut to length. ‘They shall be smooth on the ends and free 
from burrs and flaws. 


_ (6) All specimens shall be tested at room temperature. 


tive ames ine Testing Mats., Vol. 33, Part I, p. 967 (1933); also 1935 Book of A.S.T.M. Tenta 
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Number of Tests 
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11. (a) One flattening and one flaring or flange test specified in Sec- 


tions 6 and 7 shall be made on each of two tubes from each lot of 2 


or fraction 


thereof. 


50 tubes 


(b) Five per cent of all tubes shall be selected for the hardness test 
specified in Section 8 and one Rockwell hardness determination shall be 
made on each of these tubes. 

(c) Each tube shall be subjected to the hydrostatic test specified in 


Section 9. 


TABLE 


I.—PERMISSIBLE VARIATIONS IN DIMENSIONS OF TUBES. 


Outside Diameter 


. (Including Out of | Inside Diameter, | Wall Thickness,* Cut Lengt 
Size, Outside Diameter, in. Roundness), in. | in. per cent in. 
_ | Over Under Over | Under | Over | Under Over | 
Persissipte Variations ror AveraGe WaLL Tunes 
| 0.004 | 0.004 | 0.004 | 0.004 10 10 
ON TEN ne | 0.006 | 0.006 | 0.006 | 0.006 10 10 1 
Over 1} to 2, exel................66- | 0.008 | 0.008 | 0.008 | 0.008 10 10 $ 
PermissisLe Variations For Minimum Tunes 
0.004 | 0.004 | ..... | ..... 22 0 
Over 1} to 2, 22 0 } 


4 For tubes having an inside diameter less than 60 per cent of the outside diameter or having a wall } in. or over i 
ness, which cannot be successfully drawn over a mandrel, the inside diameter may vary over or under by an amount equa 


10 per cent of the 


wall thickness. 


The wall thickness of these tubes may vary 12} per cent over or under that specified. 


For tubes having an inside diameter less than 4 in., which cannot be successfully drawn over a mandrel, the wall thick 
may vary 15 per cent over or under that specified; and the inside diameter will be governed by the outside diameter and Wa 
thickness variations. 


Norte. 


—While the tubes are actually made to cold-drawn mechanical tubing toleran 


the additional tolerances shown in Table I are required on account of warping caused | 
annealing and straightening. 


Retests 


12. (a) If the results of the phy sical tests of any lot do not conform 
to the requirements specified in Sections 6, 7, and 8, retests may be made 
on additional tubes of double the original sumer from that lot, each of 
which shall conform to the requirements specified. 

(b) If a lot fails to meet the requirements of Sections 6, 7, and 8, that 
lot may be retreated and resubmitted for test. 


Permissible Variations in Dimensions 


13. Variations in diameter, wall thickness, and length from thos 


specified, shall not exceed the amounts shown in Table I. 
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DESIGNATION: A 179-35 T 
Finish 
Roe. 14. Finished tubes shall be reasonably straight and have smooth ends. 


ibes | itee from burrs. They shall be free from scale and injurious defects and 
shall have a workmanlike finish. A slight amount of oxidation will not be 


test considered as scale. 


15. The name or brand of the manufacturer, grade and hydrostatic 
pressure in pounds at which they were tested shall be indicated on a tag 
securely attached to the bundle or box in which the tubes are shipped. 


Inspection 

16. (a) The inspector representing the purchaser shall have free entry, at 
ill times while work on the contract of the purchaser is being performed, to 
all parts of the manufacturer’s works which concern the manufacture of 
the material ordered. The manufacturer shall afford the inspector, with- 
ut charge, all reasonable facilities to satisfy him that the material is being 
jurnished in accordance with these specifications. Unless otherwise 
specified, inspection and all tests shall be made at the place of manufacture. 

(b) When inspection by the purchaser is waived, the manufacturer 
shall furnish, on request, a statement that the material has been tested 
ind has met all the requirements of these specifications. -_ 


9 17. (a) When inspection at the place of manufacture has been waived, 
rejection based on tests made in accordance with Section 5 shall be 
in thic- ported within five working days from receipt of samples. 

' (b) Tubes which fail in the process of installation shall be set aside 
‘hicks the manufacturer notified. 


0 Rejection 


ed 


mi 18. When inspection at place of manufacture has been waived, samples 
sted in accordance with Section 5, which represent rejected tubes, shall 
preserved for two weeks from the date of the test report. In case of 
satisfaction with the results of the tests, the manufacturer may make 
nform m for a rehearing within that time. 
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TENTATIVE SPECIFICATIONS 
FOR 
SEAMLESS LOW-CARBON-STEEL STILL TUBES FOR 
REFINERY SERVICE! 
av 
A.S.T.M. Designation: A 161 - 35 T 
This is a Tentative Standard and under the Regulations of the Society is subject to Che 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. th 
el 
IssuED, 1935. 
Scope con 
1. (a) These specifications cover seamless hot-rolled and cold-drawn Mor 
low-carbon-steel still tubes (Note) for carrying oil at elevated temperatures 
and pressures in various types of oil stills in which the tubes may be sub- = 
jected to a furnace temperature higher than that of the contained fluid, in pa 
sizes 2 in. in outside diameter or larger and of heavier than No. 5 B.w¢. 
minimum or } in. average wall thickness. Ten: 
(b) Tubes shall be specified to two dimensions only; the outside diame- 
ter and minimum wall thickness, or outside diameter and average wall 7 


thickness. 

Note.—The fundamental requirements of these specifications, that is, kind ané 
number of tests, dimensional and weight tolerances, inspection, etc., are applicable to 
types of ‘‘low-alloy’’ steels intended to produce greater strength at elevated temperatures 
but not intended specifically for corrosion resistance at elevated temperatures. When these 
specifications are applied to such steels, special requirements as to chemical compositic: 
and suitable physical properties will need to be substituted for those prescribed herein an¢ halt 
such requirements shall be a matter of mutual agreement between the manufacturer an¢ 
the purchaser. When this type of material is ordered with 0.45 to 0.65 per cent moly> 

_ denum, the maximum Brinell hardness should be raised to 150, and the elongation in 2 sect 
- reduced to 30 per cent. 


size 

Process fror 

2. The steel shall be a killed steel and shall be made by either or bot! spe 

the following processes: open-hearth or electric-furnace. 

Manufacture 
3. (a) Tubes shall be made by the seamless process and shall be eithet 

-hot-rolled or cold-drawn, as specified. Flat 

(b) Cold-drawn tubes shall be annealed “dead soft” after the i 

_ cold-draw pass. Hot-rolled tubes need not be annealed. thej 

1 Under the standardization procedure of the Society, these specifications are under the jurisdictior a 

A.S.T.M. Committee A-1 on Steel. land 
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Chemical Composition 


chemical composition : 


A.S.T.M. DESIGNATION: A 161 — 35 T ‘. 


4. (a) The steel shall conform to the following requirements as to 


(b) When requested by the purchaser, the manufacturer shall submit a 
report of the ladle analysis of each melt of steel from which the tubes 
have been made. 


5. (a) Analyses of two tubes from each lot of 100 tubes or fraction 
thereof shall be made. The chemical composition thus determined shall 
conform to the requirements specified in Section 4 (a). Drillings for 
analysis shall be taken from several points around each tube selected for 
analysis. 

(b) If the analysis of one tube does not conform to the requirements 
specified, analyses of two additional tubes from the same lot shall be made, 


each of which shall conform to the requirements specified in Section 4 (a). 


i} 
Tension Tests 


6. (a) The material shall conform to the following minimum require- 
ments as to tensile properties: 


(b) The yield point shall be determined by the drop of the beam or _ 
halt in the gage of the testing machine, or other approved method. 

(c) Longitudinal tension tests, if practicable, may be made on full 
sections of the tubes up to the capacity of the testing machines. For larger 
size tubes, the tension specimens shall consist of a strip cut longitudinally 
irom the tube and not flattened between gage marks. ‘The sides of the 
specimen shall be parallel between gage marks; the width, irrespective 
of thickness up to and including 3? in. shall be 1 in. and the gage length 
shall be 2 in. When the wall thickness exceeds 3 in. the standard A.S.T.M. 


vin. round tension test specimen may be used. -_ 
Flattening Test 


7. (a) For tubes having wall thicknesses! not exceeding 10 per cent of 
their outside diameters, a section not less than 2} in. in length shall stand 


' The term “‘ wall thickness” shall be defined as the actual “‘mean” wall of the material tested. (See Notes 
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being flattened between parallel plates until the distance between the 
plates is three times the wall thickness, without cracking or showing flaws. 

(b) For tubes having wall thickness exceeding 10 per cent of their 
outside diameters, a section not less than 23 in. in length shall stand being 
flattened between parallel plates until the distance between the plates is 
four times the wall thickness, without cracking or showing flaws. 

(c) All flattening tests shall be made on the tube as rolled or drawn, 
prior to upsetting. 


Flaring Test 


8. (a) A section of the tube approximately 4 in. in length shall stand 
being flared with a tool having a 60-deg. included angle until the tube at 
the mouth of the flare has been expanded to the following percentages, 


without cracking or showing flaws: 
Ratio or Insip—E DIAMETER MINIMUM EXPANSION OF 


ro Oursipe DIAMETER? INSIDE DIAMETER, PER CENT 


“In determining, the ratio of i insic de diameter to outside diameter, the inside diameter shall be defined as 
the actual ‘‘mean inside diameter” of the material tested. (See Notes 1 and 2). 


(b) All flaring tests shall be made on the tube as rolled or drawn, 
prior to upsetting. 


Hardness Test 
9. (a) A Brinell test shall show a hardness number not to exceed the 


following: 
BRINELL HARDNESS 


NUMBER 
(b) The hardness test may be made on the tube near the end or on 4 


specimen cut from the tube, at the option of the manufacturer. 

(c) In making the Brinell hardness test, reference should be made to 
the Standard Methods of Brinell Hardness Testing of Metallic Materials 
(A.S.T.M. Designation: E 10) of the American Society for Testing 


Hydrostatic Test 
10. (a) Each tube shall be tested at the mill to a hydrostatic pressur' 
which shall be determined by the following formula: 
32,000 
1 1933 Book of A.S.T.M. Standards, Part I, p. 942. 
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he the hydrostatic test pressure in pounds per square inch 

iS. the thickness of tube wall in inches 

“ir D = the outside diameter of tube in inches 

Ps (b) The maximum test pressure shall not exceed 2500 lb. per sq. in. for 


sizes 3 in. or under in outside diameter, nor 4500 Ib. per sq. in. for sizes over 


11. (a) Test specimens shall be taken from the ends of finished tubes 


nd before being cut to length. They shall be smooth on the ends and free 
at irom burrs and flaws. 
es, (b) All specimens shall be tested at room temperature. 
" ABLE I.—PERMISSIBLE VARIATIONS IN DIMENSIONS AND WEIGHT OF STILL TUBES. _ 
CENT 
Size Permissible Variations 
When Wall Thickness is When Wall Thickness is 
Specified as “ Minimum” Specified as “ Average” 
Outside. 
_ | Diameter, in. | Length, in. | Specified Wall | Calculated | Specified Wall | Theoretical 
¢ Diameter, in. Thickness, |Weight perFoot,) Thickness, Weight per Foot, 
ed as per cent per cent per cent per cent 
wn Over | Under | Over | Under | Over | Under | Over | Under | Over | Under | Over | Under 
4 
Stitt Tunes 
the a | 0 28 0 33 5 125 | 12} | 33 5 
r4to72,inclusive} | | ve 0 28 0 3} 5 125 | 12} 33 5 
DNESS 
Coip-Drawn Stitt Tornes* 
0.015 | 0.015 | 3% 0 22 0 33 5 10 10 | 3} 5 
on a $to7}, inclusive | 0.015 | 0.025 | 36 0 22 0 33 5 10 10 33 5 
When cold-drawn tubes as ordered require wall thicknesses 3 in. or over, or an inside diameter 60 per cent or less of the 
le to ide diameter, the permissible variations in wall thickness for hot-finished tubes shown in the upper table shall apply. 
srials 
; Number of Tests 
sting 


12. (a) One tension, one flattening and one flaring test, specified in 
tions 6, 7 and 8, shall be made on each of two tubes from each lot of 
0 tubes or fraction thereof. . 
ssure (b) Five per cent of all tubes shall be selected for the hardness test, 

. pecified in Section 9, and one Brinell determination shall be made on each 
I these tubes. 

(c) Each tube shall be subjected to the hydrostatic test specified in 


‘ection 10. 
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Retests 


13. (a) If the results of any physical tests of any lot do not conform 
to the requirements specified in Sections 6, 7, 8 and 9, retests may be 
made on additional tubes of double the original number from the same 
lot, each of which shall conform to the requirements specified. 

(b) If any tension test specimen shows defective machining or develops 
flaws it may be discarded and another specimen substituted. 


TABLE IJ.—PLuG GAGE DIMENSIONS FOR TUBES WITH PLAIN ENDs. 


A plug gage 4 in. in length,with a diameter determined by the proper formula given in this table shall enter each end of 
each tube for a distance of 4 in. 


Hot-Rolled Still Tubes Cold-Drawn Still Tubes 
Outside Diameter, in. 
Formulas* Formulas* 
2t 
PG=D——~, —0.077 PG=D-——-—0.0625 
When wall thickness is specified as 
Over 4 to 73, inclusive. pg=p— —0.102 PG=D—-—--0 080 
0.875 0.90 
When wall thickness is specified as PG=D—2t—0 077 PG=D—2t—0 
Over 4 to 73, inclusive. /(G=D—2t—0.102 PG=D—2t—0.080 


@ Expressions used in formulas are as follows: 
PG = the diameter of plug gee in inches 
D = the specified outside diameter of tube in inches 
t = the specified thickness of tube wall in inches 


TABLE III.—PLuG GAGE DIMENSIONS FOR TUBES WITH INTERNAL UPSET ENDs. 


For tubes which are upset at the ends, a plug gage with a diameter determined by the proper formula given in this table 
shall enter the upset ends of each tube for a distance equal to the length of the upset. 


Hot-Rolled Still Tubes Cold-Drawn Still Tubes 
Formulas* Formulas® 
Minimum Wall Average Wall Minimum Wall Average Wall 


3 or under. . PG=D-2(— +U) PG=D—2(t+U)—0.093 —0.093} PG = D—2(t+U)—0.0% 
0.875 0.90 


Over 3 to 4, PG=D-2(¢ —0.113| PG=D—2(t+U)—0.113 +U) —0.113] PG=D—2(t+ U)-0.113 
inclusive 0. wy 

PG=D—2( ) —0.133| PG=D— })—0. =D—2(— +U) —0.133| PG=D—2(t+U)—0.133 

Over 4 to 5, G=D 0.133] 0.133] PG +U) 


@ Expressions used in formulas are as follows: 
PG = the diameter of plug gage in inches 
D = the specified outside diameter of tube in inches 
t = the specified thickness of tube wall in inches 
U = the increase in tube wall thickness at upset end in inches 


(c) If the elongation of any tension test specimen is less than that 
specified, and any part of the fracture is more than 3 in. from the center of 
the gage length as indicated by scribe scratches marked on the specimen 
before testing, a retest shall be allowed. 


Permissible Variations in Dimensions 
and Weight 


14, (a) Variations in diameter, wall thickness, weight and length from 
those specified, shall not exceed the amounts shown in Tables I to Ill. 


(See Notes 1 and 2.) 
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(b) If requested by the purchaser, 10 per cent of the finished tubes 
may be weighed individually or in convenient lots. 

(c) Tubes shall be of such diameter that a ring gage approximately 
lin. in length with a bore 0.025 in. larger than the specified outside diameter 
will pass over each end for a distance of 8 in. ‘This tolerance applies also 
to the ends of upset tubes. 

(d) Permissible variations for hot-finished tubes shall apply to the 
upset ends of both hot-finished and cold-drawn tubes. 


Finish 

15. (a) Finished tubes shall be reasonably straight and have smooth 
ends, free from burrs. They shall be free from injurious defects and have 
a workmanlike finish. Minor defects may be removed by grinding, provided 
the wall thickness is not decreased to less than that permitted in Section 14. 


(b) The normal rotary straightening operation shall be deemed sufficient 
to remove scale for inspection. 


Marking 
16. Tubes shall be marked by paint stenciling with the manufacturer’s 
name (or stamped with his private identifying mark, when specified), grade, 


name and order number of purchaser, size and hy drostatic test pressure, 
and whether hot-rolled or cold-drawn. oe 


Inspection 


17. (a) The inspector representing the purchaser shall have free entry, 
at all times while work on the contract of the purchaser is being performed, 
to all parts of the manufacturer’s works which concern the manufacture 
of the material ordered. The manufacturer shall afford the inspector, 
without charge, all reasonable facilities to satisfy him that the material 
is being furnished in accordance with these specifications. Unless otherwise 
specified, inspection and all tests shall be made at the place of manufacture. 

(b) When inspection by the purchaser is waived, the manufacturer 
shall furnish, on request, a statement that the material has been tested and 
has met all the requirements of these specifications. 

Rejection 

18. (2) When inspection at the place of manufacture has been waived, 
any rejection based on tests made in accordance with Section 5 shall be 
teported within five working days from receipt of samples. 

(b) Tubes which fail in the process of installation shall be set aside 
and the manufacturer notified. y 
Rehearing 


19. When inspection at place of manufacture has been waived, samples 
tested in accordance with Section 5, which represent rejected tubes, shall 
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be preserved for two weeks from the date of the test report. In case of 
dissatisfaction with the results of the tests, the manufacturer may make 


claim for a rehearing within that time. OO 


EXPLANATORY NOTES 

Note 1: Average Wall.—When an average wall tube is specified, the theoretical 
weight per foot of the tube is based on the exact specified dimensions. The actual 
wall thickness may vary over or under the specified thickness by certain definite 
amounts. 

For the theoretical weight: W = (D — #)t 10.68 

For the nominal inside diameter: 7D = D — 21 
where W = the weight per foot of tube in pounds 

ID = the inside diameter of tube in inches 7 
D = the specified outside diameter of tube in inches 
t = the specified wall thickness of tube in inches 
10.68 = the weight constant 

The actual weight of finished tubes may vary 5 per cent under or 3} per cent 
over the theoretical weight. 

Note 2: Minimum Wall.—When a minimum wall tube is specified, the wall 
thickness shall at no point be less than that specified, but may exceed that thickness 
by a certain definite amount. This necessitates establishing a ‘‘mean”’ wall dimension 
between the maximum and minimum dimensions. 


specified wall thickness 
0.875 
specified wall thickness 
0.90 
Since the wall thickness of the tube has now been increased it follows that the 
weight per foot has been increased also. 
The weight may be determined by the following formulas: 
t 


For hot-finished tubes: W = (p 0.875 10.68 


For hot-finished tubes the ‘‘mean” wall thickness = 


For cold-drawn tubes the ‘‘mean”’ wall thickness = 


~ 0.90) 0.90 


The actual weight of finished tubes may vary 5 per cent under or 3} per cent 
over this calculated weight. 

The nominal inside diameters of minimum wall tubes may be determined from 
the following formulas: 


For hot-finished tubes: JD = D — 2 


For cold-drawn tubes: W = ) 10.68 


0.875 


t 
For cold-drawn tubes: ID = D — 2 os 


where W = the weight per foot in pounds 

ID = the nominal inside diameter of tube in inches 
D = the specified outside diameter of tube in inches 
_t = the specified wall thickness of tube in inches 
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TENTATIVE SPECIFICATIONS 


ical 
tual FOR 
_ ALLOY-STEEL CASTINGS FOR VALVES, FLANGES 


AND FITTINGS FOR SERVICE AT TEMPERA- 
TURES FROM 750 TO 1100 F.! 
A.S.T.M. Designation: A 157-35 T Oo 
This is a Tentative Standard and under the Regulations of the Society is — 
o annual revision. Suggestions for revision should be addressed to the Head- 


quarters of the Society, 260 S. Broad St., Philadelphia, Pa. - ee 
cent 
IssuED, 1934; REVISED, 1935.2 


wall Scope 
ness 1. (a) These specifications cover alloy-steel castings for valves, 
sion 


pipe flanges and pipe fittings, intended for service at metal tem-— 
peratures from 750 to 1100 F. (Note 1). 

(b) Eight grades of materials are included, six ferritic steels and 
two austenitic steels designated C 1, C 2, etc., which are classified in 
accordance with their chemical and physical properties as specified 
- the in Sections 5 and 8. Selection will depend upon design and service 
conditions, physical properties, and the high-temperature charac- 
teristics (Note 2). 

Process 

2. Steels C 1, C 2, C 4, C 5 and C 11 shall be made by the open- 
hearth, crucible or electric-furnace process. Steels C 6, C 9 and C 10 
shall be made by the electric-furnace or crucible process. 


cent 
Heat Treatment Required 

from 3. (a) All castings shall receive heat treatment suitable to their — 
design and chemical composition. Heat treatment shall be performed 7 
before machining except in instances when reheat treating is necessary. 


Unless the method of heat treatment is specified by the purchaser, | 
thus becoming a matter of agreement with the manufacturer, the type . 
of heat treatment used shall be at the option of the manufacturer. — 
This latter condition must necessarily apply to castings for stock | 
purposes. 


; 'Under the standardization procedure of the Society, these specifications are under the juris- 
diction of the A.S.T.M. Committee A-1 on Steel. 
‘Revision accepted by Committee E-10 on Standards, August 22, 1935. 
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(b) The ferritic steels C 1, C2, C4, C5, C6 and C11 may be 
- fully annealed, or fully annealed and drawn, or normalized and drawn, 
or annealed and normalized and drawn, or normalized and annealed. 
(c) The austenitic steels C 9 and C 10 shall receive a stabilizing 


treatment as described in Section 4 (d). 


a Heat Treatment 
4. (a) Full Annealing —The procedure for full annealing shall 
consist in allowing the castings to cool after pouring, to a temperature 
below the critical range, reheating to the proper temperature and for 
the required time to refine the grain, and cooling thereafter slowly in 
the furnace. ‘The castings shall not be removed from the furnace 
until the pyrometer shows that the furnace has fallen to a temperature 
~ below 500 F. (260 C.). 
(b) Normalizing.—The procedure for normalizing shall consist in 
allowing the castings to cool after pouring, to a temperature below the 
critical range, reheating to the proper temperature and for the re- 
quired time to refine the grain, and cooling in still air at room 
temperature. 
(c) Drawing or Tempering.—The procedure for drawing, or 
tempering, shall consist in reheating the castings to a temperature at 
least 150 F. (85 C.) above the temperature to be encountered in 
service, and holding at that temperature not less than one and one- 
half hours per inch or less of wall thickness, followed by cooling in 
the furnace or in still air. When castings are used for service at 
temperatures under 750 F., the minimum draw temperature shall 
be 800 F. 
(d) Stabilizing Treatment—The procedure for stabilizing aus- 
- tenitic steels shall consist in heating to the proper stabilizing temper- 
ature and holding at that temperature for sufficient time, followed 
_ by rapid air cooling or by quenching in a liquid medium. 
(e) Temperature Regulation—Furnace temperatures shall be 
effectively regulated by means of pyrometers. 


Chemical Composition! 

5. Each alloy? shall conform to the following chemical require- 
ments, or to other chemical requirements as specified in the purchase 
order: 


1 When material is ordered for welding fabrication, chemical and physical requirements shall be 
a matter of agreement between the purchaser and the manufacturer. 

2 Alloys have been numbered so that similar alloys in the corresponding specifications for pipe, 
forgings, and bolting will bear the same number for alloys numbered 10 or below. No alloys C 3, C7, 
C 8 or C 12 are included herein as the particular compositions corresponding to these numbers are not 
included in these specifications. 
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Ferritic Steels Austenitic Steels 


Cl C2 C il C4 C5 C6 C9 C 10 


7 Nickel- 18 per cent |20 per cent 

Nickel- |Chromium- 13 per cent] Chromium, | Nickel, 
num icke romium 


Carbon, per cent| 0.45 max. | 0.35 max. | 0.45 max. | 0.45 max. | 0.15 to 0.35 | 0.15 max. | 0.15 max. | 0.35 max. 
M per 


1.00 max. | 1.00 to 1.60} 1.00 max. | 1.00 max. | 1.00 max. | 1.00 max. | 1.00 max. | 1.50 max. 
9.05 max. | 0.05 max. | 0.05 max. | 0.05 max. | 0.05 max. | 0.05 max. | 0.05 max. | 0.05 max. 
Sulfur, per cent 0.06 max. | 0.06 max. | 0.06 max. | 0.06 max. | 0.06 max. | 0.05 max. | 0.05 max. | 0.05 max. 
Silicon, per cent | 0.20 min. | 0.20 min. | 0.20 min. | 0.20 min. | 0.20 min. | 1.00 max. | 2.00 max. | 2.00 max. 

Nickel, per cent 1.00 to 2.25/0.75 to 1.50 0.80 max. | 8.00 to 10.30 |19.0 to 22.0 
Chromium, per 

0.59 to 1.00/0.50 to 1.00) 4.00 to 6.50 |11.5 to 13.5] 17.5 to 20.0 |7.00 to 9.00 
Molybdenum, 


per cent in. | 0. in. |0.20t00.40"|0.30 to 0.60/0.40 to 0.65°| 0.50 max. 


0.40t00.80" 0.80 to 1.25% 


@ Fither molybdenum or tungsten may be used, if desired. 
> Either molybdenum or tungsten shall be used. 


Ladle Analysis 


6. An analysis of each melt of steel shall be made by the manu-— 


facturer to determine the percentage of the elements specified in 
Section 5. This analysis shall be made from drillings taken at least 
{ in. beneath the surface of a test ingot obtained during the pouring 
of the melt. The chemical composition thus determined shall be 
reported to the purchaser or his representative, and shall conform to 
the requirements specified in Section 5. 


Check Analysis 


7. Analysis may be made by the purchaser from castings or from 
broken test specimens, representing each melt. The chemical com- 
position thus determined shall conform to the requirements specified 
in Section 5. 

+ 
Tension Tests 


8. (a) The castings shall conform to the following minimum | 


requirements as to tensile properties! at room temperature: 


TENSILE STRENGTH, YIELD STRENGTH, ELONGATION IN REDUCTION OF 7 


LB, PER SQ. IN. LB. PER SQ. IN. 21N., PERCENT AREA, PER CENT 

=, 50 000 22.0 45. 

- 60 000 22.0 45. 

65 000 30. 

65 000 18.0 30. 

65 000 30. 

55 000 20.0 40. 

30 000 35.0 40. 

30 000 30.0 35. 


1 When material is ordered for welding fabrication, chemical and physical requirements shall be 
& matter of agreement between the purchaser and the ‘manufacturer. 
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(b) Tension tests at room temperature shall be made by the 
manufacturer from each melt in each heat-treatment charge. Such 
tests may be witnessed by the purchaser or his representative, or 
reported to him, as may be specified in the order. The results of 
these tests shall conform to the minimum tensile properties specified 
in Paragraph (a). Authentic test records of tests made during manu- 
facture of stock valves shall be accepted in lieu of witness tests. 

(c) The yield strength shall correspond to a limiting permanent 
set of 0.2 per cent of the gage length of the specimen. ‘The “set 
method” of determining yield strength as described in the Standard 
Methods of ‘Tension Testing of Metallic Materials (A.S.T.M. 
Designation: E 8) of the American Society for Testing Materials' 
shall be followed. The tensile strength shall be determined at a 
cross-head speed of not to exceed 1} in. per min. 


Bend Tests 

9. (a) Bend tests shall be required for castings only when so 
specified in the purchase order. 

(b) When a bend test is specified, the test specimens shall stand 
being bent cold through an angle of 90 deg. around a pin 1 in. in diam- 
eter, without cracking on the outside of the bent portion. 


Test Specimens 

10. (a) For castings having a net weight of not over 500 lb., 
— test specimens, and, when a bend test is specified, bend test 
specimens, shall be taken from test bars attached to special blocks. 
For castings over 500 lb., net weight, the test specimens shall be taken 
from test bars cast attached to the castings where practicable. If, 
as agreed upon between the manufacturer and purchaser, the design 
of the castings is such that test bars attached directly to the castings 
might injuriously affect the latter or the test specimen, the test bars 
shall be cast attached to special blocks. ‘Test bars from which ten- 
sion test specimens are to be taken shall remain attached to the cast- 
ings or blocks they represent until submitted for inspection, and shall 
be heat-treated with the castings, unless the purchaser authorizes de- 
tachment before treatment. ‘Test bars shall be provided by the 


_ manufacturer in sufficient number to furnish all tests required by 
_ these specifications or as agreed upon. 


(b) Tension test specimens shall be machined and shall be of the 
= type for 2-in. gage length as described in Section 15 of the 
Standard Methods of Tension Testing of Metallic Materials (A.S.T.M. 


an I. 8) of the American Society for Testing Materials.’ 


11933 Book of A.S.T.M. Standards, Part I, p. 949. 
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The diameter of the test specimen shall be 0.505 in. ‘The ends shall 
be of such form to fit the holder of the testing machine in such a way 
that the load shall be axial. ; 


Number of Tests 

11. One tension test and, when specified, one bend test shall be 
made from each melt in each heat-treatment charge, and, when 
specified in the inquiry, from each casting weighing 500 lb. or over. 


Retests 

12. (a) If the results of the tension tests for any lot do not con- 
form to the requirements specified in Section 8 (a), such lot may be 
heat treated again, but not more than twice. Retests shall be | 
made as specified in Section 11. 

(b) If the percentage of elongation of any tension test specimen ; 
is less than that specified in Section 8 (a), and any part of the fracture 
is more than # in. from the center of the gage length, as indicated by 
scribe scratches marked on the specimen before testing, a retest shall 
be allowed. 

(c) If any test specimen shows defective machining or develops 
flaws, it may be discarded; in which case another specimen from the 
same melt and heat treatment charge shall be substituted. 


Hydrostatic Tests 
13. Each casting shall be tested after machining to the hydro- 


static pressure specified in the following table and shall show no leaks. 
; Castings ordered under these specifications, for working pressures other 
than those listed below, shall be tested to such pressures as may be 


agreed upon by the manufacturer and purchaser: 


1 Primary SERVICE PRESSURE STANDARD HyDROSTATIC 
5 RATING AT 750 F., TEST PRESSURE, 
LB. PER SQ. IN. LB. PER SQ. IN. 
y Radiographic or Destruction Tests 
14. (a) When so specified in the purchase order, the purchaser 
e may, at his own expense, examine the castings for internal defects 
e by means of X-ray or gamma-rays of radium, and castings showing 
[. injurious defects shall be rejected. 


1 (b) Or when so specified in the purchase order, the purchaser 
may, at his own expense, select representative castings from each 


| 
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melt or heat-treatment charge, and crush or cut up and etch, or 
otherwise prepare the sections for examination, for internal defects. 
Should injurious defects be found which evidence unsound steel or 
faulty foundry technique, all of the castings from that particular 


- pattern, melt and heat-treatment charge may be rejected. All the 


rejected castings, including those cut up, shall be replaced by the 
manufacturer, without charge. Coarse-grained fracture or other 
evidence of improper treatment shall be cause for reheat treating. 


Workmanship 
15. The castings shall conform substantially to the shapes and 
sizes indicated by the drawings approved. 


Finish 
16. (a) The castings shall be clean and free from injurious 
defects. 


(b) The castings shall not be peened to stop leaks. 

(c) Defects which do not impair the strength of the castings may 
be welded by an approved process. ‘The defects shall be cleaned out 
to solid metal, before welding, and shall be submitted to the inspec- 
tor representing the purchaser in this condition for his approval. 
All castings shall be heat treated after welding in accordance with the 
requirements of Sections 3 and 4, except that with permission of the 
inspector, castings with minor welds need only be drawn or tempered. 
In the case of major repair welds, the inspector may require examina- 
tion after reannealing with X-rays or gamma-rays to show the ade- 
quacy of the repair, the cost of X-raying or gamma-raying to be borne 
by the manufacturer, notice of such to be given at the time permission 
is granted to weld. 


Marking 


17. (a) Valves, flanges and fittings shall be marked in accordance 
with the Product Marking System (No. SP-25 — 1934) of the Manu- 
facturers Standardization Society of the Valve and Fittings Industry, 
and in such position as not to injure the usefulness of the castings. 

(b) In addition thereto, the pressure containing parts of all cast 
alloy-steel valves, flanges and fittings of a size and shape permitting, 
made in accordance with any of the grades of alloy steel covered by 


these specifications, shall be marked for identification with the 


A.S.T.M. symbols C 1, C 2, etc. 

(c) Pressure containing parts of a size and shape permitting, 
made of alloy-steel grades not covered by these specifications, shall 
be marked for identification with the manufacturer’s individual 
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A.S.T.M. Desicnation: A 157-35 T 


set up for alloy steel identification. 


(d) In addition, melt number or melt identification shall be 
indicated. 


Inspection 


18. (a) The inspector representing the purchaser shall have free 
entry, at all times while work on the contract of the purchaser is 
being performed, to all parts of the manufacturer’s works which con- 
cern the manufacture of the castings ordered. The manufacturer 
shall afford the inspector, without charge, all reasonable facilities to 
satisfy him that the castings are being furnished in accordance with 
these specifications. All tests (except check analyses) and inspection 
shall be made at the place of manufacture prior to shipment, unless 
otherwise specified, and shall be so conducted as not to interfere un- 
necessarily with the operation of the works. 

(b) If, in the case of important castings for special purposes, 
surface inspection in the green state is required, this shall be so 
specified in the order. 


Rejection 

19. (a) Unless otherwise specified, any rejection based on tests 
made in accordance with Section 7 shall be reported within twelve 
working days from receipt of samples. 

(6) Castings which show injurious defects subsequent to their — 


acceptance at the manufacturer’s works will be rejected and the manu- © 
facturer shall be notified. 


Rehearing 

20. Samples tested in accordance with Section 7, which repre- 
sent rejected castings, shall be preserved for two weeks from the date 
of transmission of the test report. In case of dissatisfaction with the 
results of the tests, the manufacturer may make claim for a rehearing 
within that time. 


EXPLANATORY NOTES 


850 F., see Standard Specifications for Carbon-Steel Castings for Valves, Flanges 
and Fittings for High-Temperature Service (A.S.T.M. Designation: A 95) of 
the American Society for Testing Materials. 

__ Note 2.—The subcommittee formulating these specifications has included 
‘ight grades of material that have been rather extensively used for the present 
purpose. It is not the intent that these specifications should be limited to these 


11933 Book of A.S.T.M. Standards, Part I, p. 259. 


Note.—For castings intended for service at temperatures from 500 to ; 
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eight alloys. Other compositions will be considered for inclusion by the com- 
mittee from time to time as the need becomes apparent., It should also be noted 

that it is not intended to imply that all of the alloy steels shown are suitable 
over the entire temperature range. Some are suitable only at lower tempera- 
tures, unless low stresses are employed. Pending the incorporation of high- 
temperature data in an appendix, which it is the purpose in due time to add, 

high-temperature properties, when it is desired that the same be indicated or 
specified, shall be a matter of mutual agreement between the purchaser and the 
manufacturer. No high-temperature tests shall be required on the materials 
selected unless a matter of agreement between the purchaser and the manu- 
facturer. When required, the short-time tests at elevated temperatures shall 
be in accordance with the Tentative Method of Test for Short-Time High- 
Temperature Tension Tests of Metallic Materials (A.S.T.M. Designation: 
E 21-34 T)! and the creep tests shall be in accordance with the Tentative 

- Method of Test for Long-Time (Creep) High-Temperature Tension Tests of 
Metallic Materials (A.S.T.M. Designation: E 22-35 T)? of the American 
Society for Testing Materials. 


1 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 1214 (1934); also 1935 Book of 
A.S.T.M. Tentative Standards, p. 1406. 

* See p. 1291. 
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TENTATIVE SPECIFICATIONS 
FOR 


SEAMLESS ALLOY-STEEL PIPE FOR SERVICE AT. 
TEMPERATURES FROM 750 TO 1100 F.t 
A.S.T.M. Designation: A 158 - 35 T 
f This is a Tentative Standard and under the Regulations of the Society is subject 
n to annual revision. Suggestions for revision should be addressed to the Head- 


quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1934; REVISED, 1935.” al 
Scope 


1. (a) These specifications are intended as a general guide for — 
the purchase of alloy-steel pipe and to serve as a basis for agreement 
between purchaser and manufacturer as to details not specifically 
covered. 

(b) These specifications cover seamless alloy-steel pipe intended 
for service at metal temperatures from 750 to 1100 F.; both ferritic 
and austenitic steels, designated P 1, P 2, etc., are included (Note 1). 
The maximum temperature at which the pipe will be operated in — 
service shall be stated in the purchase order. Choice from the respec- _ 
tive steels should be made on the basis of the requirements of design, 
service conditions, and the physical -properties (Note 2). Supple- 
mentary requirements (Paragraphs $1 to S6) of an optional nature 
ire provided for pipe intended for use in central stations having steam 
service pressures of 400 Ib. per sq. in. or over and temperatures up 
to 1100 F., or other applications where a superior grade of pipe is 
required. These supplementary requirements call for additional tests 
to be made at the expénse of the purchaser, and when desired shall 
be so stated in the order. 


Certification 


2. Where mutually agreed upon in writing between the man- 
ufacturer and purchaser, a certification that the material conforms 
to the requirements of these specifications shall be the basis of accept- 


'Under the standardization procedure of the Society, these specifications are under the juris 7 
diction of the A.S.T.M. Committee A-1 on Steel. 
* Latest revision accepted by Committee E-10 on Standards, August 22, 1935. 
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ance of the material. Otherwise, the manufacturer shall report to 
the purchaser or his representative the results of the chemical analyses 
_ and tension tests made in accordance with these specifications. - 


Process 
3. (a) The steel shall be made by either or both of the follow- 
_ing processes: open-hearth or electric-furnace. 

(b) Unless otherwise specified, all pipe 2 in. and over in nominal 
diameter shall be furnished hot-finished followed by the treatment 
_ specified in Section 5. 

(c) Unless otherwise specified, pipe under 2 in. in nominal diam- 
eter may be furnished either hot-finished or cold-drawn, with, where 
- necessary, a suitable manufacturer’s finishing treatment. 

Discard 
4. Sufficient discard shall be made from each ingot to secure 
freedom from injurious piping and undue segregation. 


Heat Treatment 
5. (a) All ferritic steels covered in Section 3 shall be furnished 
in a full-annealed or normalized and drawn condition as stated in the 
purchase order. If furnished in the normalized and drawn condition, 
the temperature for drawing shall be at least 200 F. above the service 
temperature as given in the purchase order (Note 1). 
(b) At the option of the purchaser, all austenitic steels shall be 
_ stabilized (Note 2) according to present accepted practice. 


Norte 1.—Certain of the ferritic steels covered by these specifications will harden 
if cooled rapidly from above their critical temperature. Some will air harden, that is, 
become hardened to an undesirable degree when cooled in air from high temperatures, 

_ particularly the 4 to 6 per cent chromium steels, P 5. Therefore, operations involving 
heating such steels above their critical temperatures, such as welding, flanging and 
hot bending, should be followed by heat treating. 

Note 2.—Fabricating operations involving upsetting, flanging, bending, and 

_ forming often make restabilizing desirable to insure adequate corrosion resistance, 


| 
| 


depending upon service conditions. 


Chemical Composition! 

6. Each alloy? shall conform to the following chemical require- 
ments, or to other chemical requirements as specified in the purchase 
order: 


1 When material is ordered for welding fabrication, chemical and physical requirements shall be 
matter of agreement between the purchaser and the manufacturer. 

2 Alloys have been numbered so that similar alloys in the corresponding specifications for forging 
castings, and bolting will bear the same number for alloys numbered 10 or below. No alloys P 4, Pi 
or P 10 are included herein as the particular compositions corresponding to these numbers are not 
included in these specifications. 
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A.S.T.M. 


DESIGNATION: 


A 158-35 


Ferritic Steels 


Pi 


P2 


P3 


P5 


Pil 


P12 


Carbon- 


Molybdenum 


Manganese- 
Molybdenum 


Chromium- 
Molybdenum 


4 to 6 per cent 


Chromium 


Chromium- 
Molybdenum 


Nickel- 
Molybdenum 


Carbon, per cent........ 0.10 to 0.20 | 0.10 to 0.20 | 0.10 to 0.20 | 0.10 to 0.20 | 0.10 to 0.20 | 0.10 to 0.20 
Manganese, per cent....| 0.30 to 0.60 | 1.10 to 1.40 | 0.40 to 0.60 0.50 max. 0.30 to 0.50 | 0.30 to 0.60 
Phosphorus, percent....| 0.04 max. 0.04 max. 0.03 max. 0.03 max 0.03 max. 0.04 max. 
Sulfur, per cent......... 0.045 max. 0.045 max. 0.04 max. 0.03 max 0.03 max 0.045 max, 
Silicon, per cent........ 0.20 to 0.50 | 0.20 to 0.50 | 0.45 to 0.75 0.50 max 0.75 to 1.25 0.50 max. 
1.50 to 2.00 | 4.00 to 6.00 | 1.00 to 1.50 | ........... 
Molybdenum, per cent..| 0.45 to 0.65 | 0.20 t0 0.30 | 0.60 to 0.80 | 0.45 to 0.657| 0.40 to 0.60 | 0.20t00.30 


Ferritic Steel Austenitic Steels 


P6 P8 P9 P13 
Grade 
oe 4 13 percent | 18 Chromium | 18 Chromium 7 — 
Chromium 8 Nickel 8 Nickel 2 Silicon 
0.12 max. 0.07 max. 0.16 max. 0.25 max. 
0.50 max. 0.20 to 0.70 | 0.20 to 0.70 | 0.50 to 0.70 
we Se 0.025 max 0.03 max. 0.03 max. 0.03 max. 
0.50 max 0.70 max. 0.70 max. 1.00 to 3.00 
7.00 to 9.00} 7.00 to 9.00} 8.00 to 10.00 
12.00 to 15.00 | 17.00 to 19.00 | 17.00 to 19.00 | 17.00 to 19.00 


* Either molybdenum or tungsten may be used, if desired. 


Ladle Analysis 


7. A ladle analysis of each melt of steel shall be made by the steel 
manufacturer. ‘The chemical composition thus determined, or that 
determined from a check analysis made by the pipe manufacturer, if 
the latter has not manufactured the steel, shall be reported to the 
purchaser or his representative and shall conform to the requirements 
specified in Section 6. 


Check Analysis 


8. (a) At the request of the purchaser’s inspector, analyses as 
specified below shall be made by the manufacturer from the finished — 
pipe and shall conform to the requirements specified in Section 6: - 


NoMInAL DIAMETER NuMBER OF Pipes SELECTED 


Speer 2 pipes from each lot of 400 lengths or fraction thereof 
2to 5 in. inclusive.......... 2 pipes from each lot of 200 lengths or fraction thereof 
and 2 pipes from each lot of 100 lengths or fraction thereof 


Results of these analyses shall be reported to the purchaser or _ 
his representative and shall conform to the requirements specified in 


Section 6. 
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(b) Drillings for analysis from pipe shall be taken from several 

points around each pipe selected for analysis. Drillings for analysis 

i from billets shall be taken at a point midway between the outside 
_ and center of the billet by drilling parallel to the axis. 

| (c) If the analysis of one of the tests specified in Section 7 or 

8 (a) does not conform to the requirements specified in Section 6, 

analysis of each billet or pipe from the same heat or lot may be made, 

; and all billets or pipe conforming to the requirements shall be accepted. 


Tension Tests 
| 9. (a) The material shall conform to the following minimum 
requirements as to tensile properties' at room temperature: 


FrerrITIC STEELS AUSTENITIC STEELS 
Tensile strength, lb. per sq. in 60 0004 75 0004 
Yield point, lb. per sq. in.: 
Fully annealed 
Normalized and drawn 
Rapidly air-cooled or quenched 30 0002 
Elongation in 2 in., per cent 50° 


@ For transverse tension tests the material shall conform to these minimum tensile requirements 
except that the elongation in 2 in. shall be 25 per cent for the ferritic steels and 40 per cent for the 
austenitic steels. 


(b) The yield point shall be determined by the drop of the beam 
or halt in the gage of the testing machine, or by the use of dividers or 
other approved method, at a cross-head speed not to exceed } in. per 
minute. Where a definite yield point is not exhibited, the yield 
strength, corresponding to a limiting permanent set of 0.2 per cent of 
the gage length of the specimen, shall be reported instead. ‘The “set 
method” of determining yield strength as described in the Standard 
Methods of Tension Testing of Metallic Materials (A.S.T.M. Designa- 
tion: E 8) of the American Society for Testing Materials’ shall be 
followed. ‘The tensile strength shall be determined at a crosshead 
speed not to exceed 1} in. per minute. 


10. (a) Unless otherwise mutually agreed upon between the 
manufacturer and purchaser, each length of pipe shall be tested by 
the manufacturer to a hydrostatic pressure which will produce in the 
pipe wall a stress of 50 per cent of the minimum specified yield point 


1 When material is ordered for welding fabrication, chemical and physical requirements shall be 
a matter of agreement between the purchaser and the manufacturer. 
2 1933 Book of A.S.T.M. Standards, Part I, p. 949. ah li) 
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A.S.T.M. DESIGNATION: A 158-35 T 


at room temperature. This pressure shall be determined by the | 
formula: 
where P = the minimum hydrostatic test pressure in pounds per © 
square inch; 
S = 0.50 times the minimum specified yield point at room 
temperature in pounds per square inch; 
¢t = the nominal wall thickness in inches; and 
D = the outside diameter in inches. _— 


500 lb. per sq. in. for sizes 3 in. or under in outside diameter, nor 


(b) The maximum hydrostatic test pressure shall not exceed 
The 


4500 lb. per sq. in. for sizes over 3 in. in outside diameter. 
hydrostatic pressure shall be maintained for not less than 5 sec. 


Flattening Tests 


11. For pipe over 2 in. in nominal diameter, a section of pipe not 
less than 23 in. in length shall be flattened between parallel plates 
until the opposite walls of the pipe meet. No cracks or breaks in 
the metal shall occur until the distance between the plates is less 
than one half the outside diameter of the pipe, but in no case less than 
seven times the thickness of the pipe wall. Evidence of laminations 
or burnt material shall not develop during the entire flattening 
process. 


Bend Tests 


12. For pipe 2 in. or under in nominal diameter, a sufficient 
length of pipe shall stand being bent cold through 90 deg. around a 
cylindrical mandrel, the diameter of which is twelve times the nominal 
diameter of the pipe, without developing cracks. When ordered for 
close coiling, the pipe shall stand being bent cold through 180 deg. 
around a cylindrical mandrel, the diameter of which is eight times the 
nominal diameter of the pipe, without failure. 


Test Specimens 

13. (a) Specimens cut either longitudinally or transversely shall — 
be acceptable for tension tests. 

(b) Longitudinal tension tests may be made in full section of the 
pipe up to the capacity of the testing machine. For larger sizes, the 
tension test specimens shall consist of strips cut from the pipe. The 
width of these specimens shall be 1} in. and shall have a gage length 
of 2in. When the pipe wall thickness exceeds 3 in., the A.S.T.M. 
standard 0.505-in. round specimen shall be used (Note). Longitudinal 
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tension specimens shall not be flattened between gage marks. The 
_ sides of specimens shall be parallel between gage marks. 
(c) The transverse tension test may be made on pipe 8 in. and 
over in nominal diameter. Specimens may be taken from a ring cut 
from the pipe or from sections resulting from the flattening tests. 
The specimen shall consist of a strip cut transversely from the pipe; 
the width of the specimen shall be 13 in. and its gage length 2 in. 
When the pipe wall thickness exceeds j in., the A.S.T.M. standard 
0.505-in. round specimen shall be used (Note). Specimens shall be 
- flattened cold and shall be parallel between gage marks. At the 
_ option of the manufacturer, the transverse tension test specimen may 

be machined off on either surface provided not over 15 per cent of 
_ the nominal thickness is removed from either side. 


Note.—The standard tension test specimens are described in the Standard 
Methods of Tension Testing of Metallic Materials (A.S.T.M. Designation: E 8) 
of the American Society for Testing Materials.' 


(d) Test specimens for flattening and bend tests shall consist of 
sections cut from a pipe. Specimens for flattening tests shall be 
smooth on the ends and free from burrs, except when made on crop 
ends. 


(e) All routine check tests shall be made at room temperature. 


Number of Tests 


14. (a) Tests shall be made as follows on one pipe from each 
heat-treated lot, but in no case on less than 5 per cent of the pipe 
ordered. Results of these tests shall be reported to the purchaser or 
his representative: 

One transverse or longitudinal tension test specified in Section 9. 

The flattening test specified in Section 11 for pipe over 2 in. in 

nominal diameter. 
_ The bend test specified in Section 12 for pipe 2 in. or under in 
nominal diameter. 

(b) For material heat treated by the continuous process, the 
tests specified in Section 14 (a) shall be made on each pipe in a lot con- 
stituting 5 per cent of the pipe ordered, but on not less than two pipes. 

(c) Each length of pipe shall be subjected to the hydrostatic 
test specified in Section 10. 


Retests 


15. (a) If the results of any physical tests of any lot do not 
conform to the requirements specified in Sections 9, 11, or 12, retests 
shall be made on additional pipes of double the original number from 


11933 Book of A.S.T.M. Standards, Part I, p. 949. 
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specified. 


flaw, a retest shall be allowed. 
e it may be discarded and another specimen substituted. 
/ Retreatment 
3) 
will be acceptable. 
af Permissible Variations in Weight and 
Dimensions 


cent over that specified. 
pe 
or 
shall be weighed separately. 
9. 
in those shown in the following table: 
in NominaL DIAMETER 
atic 
specified. 
not 
ests ing regular practice: 
rom 


in. over that specified. 


A.S.T.M. DESIGNATION: 


A 158-35 T 


UNDER 


in. (0.031 in.) 
. (0.031 in.) 
in. (0.031 in.) 
. (0.031 in.) 
in. (0.031 in.) 


(c) Thickness—The minimum wall thickness at any point shall 
not be more than 12.5 per cent under the nominal wall thickness 


(d) Length.—Pipe lengths shall be in accordance with the follow- 


The lengths required shall be specified in the order. No 
pipe shall be under the specified length and not more than 3 


jointers are permitted unless otherwise specified. 


the same lot, each of which shall conform to the requirements © 


(b) If the percentage of elongation of any tension test specimen 
is less than that specified and any part of the fracture is more than 
¢ in. from the center of the gage length of the specimen, as indicated 
by scribe scratches marked on the specimen before testing, a retest 
shall be allowed. If a specimen breaks in an inside or outside surface 


(c) If any specimen shows defective machining or develops flaws, 


16. If individual lengths of pipe selected to represent any lot 
fail to meet the test requirements of Sections 9, 11, or 12, the lot may 
be heat treated again and resubmitted for test, except that any 
individual lengths which meet the test requirements before retreating 


17. (a) Weight.—The weight of any length of pipe in sizes up 
to and including 12 in. shall not vary more than 3.5 per cent under 
and 6.5 per cent over that specified. 
of any length shall not vary more than 5 per cent under and 10 per 
Unless otherwise mutually agreed upon 
between the manufacturer and purchaser, pipe in sizes smaller than 
4in. may be weighed in convenient lots; pipe in sizes 4 in. and larger 


For sizes over 12 in. the weight 


(b) Diameter.—Variations in outside diameter shall not exceed 


PERMISSIBLE VARIATIONS IN OUTSIDE DIAMETERS } 


OVER 
A; in. (0.015 in.) 
ty in. (0.031 in.) 
in. (0.062 in.) 
in. (0.093 in. 
in. (0.125 in. 
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Ends 
18. Unless otherwise specified, pipe shall be furnished with plain 
ends. All burrs at the ends of the pipe shall be removed. 
"Finish 


19. (a) The finished pipe shall be reasonably straight and fre fee 
from injurious defects, and shall have a workmanlike finish. 


Depth of Injurious Defects 
(b) When the depth of defect in the pipe encroaches on the 
minimum wall thickness (87.5 per cent of the nominal thickness), or 
is in excess of 12.5 per cent of the nominal wall thickness, such defects 
shall be considered injurious. 


Machining or Grinding Defects 
> (c) Pipe showing moderate slivers may be machined or ground 


inside or outside to a depth which shall insure the removal of all 

included scale and slivers, providing the wall thickness is not reduced 

_ below the minimum wall thickness required in these specifications. 

_ Machining or grinding shall follow inspection of the pipe as rolled, 
and shall be followed by supplementary visual inspection. 

Repair by Welding 

(d) Repair of injurious defects shall be permitted only subject 
to the approval of the purchaser and with the further understanding 
that the composition of the welding rod shall be suitable for the com- 
position of the metal being welded. Welding of injurious defects in 
no case shall be permitted when the depth of defect exceeds 333 per 
cent of the nominal pipe wall thickness or the length of repair 
exceeds 25 per cent of the nominal diameter of the pipe. Defects 
shall be thoroughly chipped out before welding, and then heat treated 
in accordance with Section 5. Each length of repaired pipe shall be 
retested hydrostatically in accordance with Section 10. 
Marking 
20. Each length of pipe manufactured in accordance with these 

specifications shall be legibly marked, either by stenciling, stamping, 

_ or rolling, with the manufacturer’s private identifying mark, together 
with the symbols A 158 and the alloy symbol (as A 158- P1) and 
an additional S if pipe meets the supplementary requirements speci- 
fied in Paragraphs $1 to S7. Marking shall be within 12 in. of one 
end of each length. On pipe sizes 4 in. and larger, the weight shall 
be given. On small diameter pipe which is bundled, the above infor- 
mation may be legibly stamped on a metal tag securely attached to 
each bundle. When pipe marked as specified in this section is re- 
jected, the designation A 158 shall be canceled. 
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Inspection 


21. The inspector representing the purchaser shall have free 
entry, at all times while work on the contract of the purchaser is 
being performed, to all parts of the manufacturer’s works which con- 
cern the manufacture of the pipe ordered. The manufacturer shall 
afford the inspector, without charge, all reasonable facilities to satisfy 
him that the pipe is being furnished in accordance with these speci- 
fications. All tests and inspection shall be made at the place of 
manufacture prior to shipment and at the manufacturer’s expense, 
unless otherwise specified, and shall be so conducted as not to inter- 


fere unnecessarily with the operation of the works. 
Rejection 


22. Each length of pipe which develops injurious defects in shop 
working or application shall be rejected, and the manufacturer shall 
be notified. No rejections under these or any other specifications, 
shall be marked as specified in Section 20 for sale under these speci- 
fications except where such pipe fails to comply with the weight 
requirements alone, in which case it may be sold under the weight 
specifications with which it does comply. 


Supplementary Requirements Appear on Pages 614 and 615. 
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SUPPLEMENTARY REQUIREMENTS FOR SEAMLESS PIPE FOR 
USE IN CENTRAL STATIONS AT PRESSURES OF 400 LB. PER 
SQ. IN., OR OVER, AND TEMPERATURES OF 750 F. TO 1100 F., 
OR OTHER APPLICATIONS WHERE A SUPERIOR GRADE 
OF PIPE IS REQUIRED 
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S1. These requirements shall not be considered unless specified 
in the order, in which event the supplementary tests shall be made 
at the mill, unless otherwise agreed upon, at the purchaser’s expense 
_ and witnessed by his inspector before shipment of the material. 


Check Analysis 

$2. Check analysis may be made on any length of pipe. Indi- 
vidual lengths failing to meet the chemical requirements specified in 
Section 6 shall be rejected. 
_ Transverse Tension Tests . 

S3. Transverse tension tests may be made on specimens from 


both ends of each length of pipe. If the specimen from either end of 
any length fails to meet the physical properties specified in Section 9, 


that length shall be rejected. : 
S4. The flattening tests specified in Section 11 may be made on 
specimens from both ends of each length of pipe. Crop ends may be 
used. If the specimen from either end of any length fails to meet 


the specified requirements, that length shall be rejected. 


Finish and Metal Structure 


S5. The finished pipe shall be free from all immoderate slivers 
and depressions. ‘The steel shall have a homogeneous structure as 


shown by the etching test in Paragraph S6. 


Etching Tests 
_ S6. Etching tests! may be made on sections from any pipe, and 
shall show sound and reasonably uniform material, free from injurious 
laminations, cracks and similar objectionable defects. Sections used 
for the flattening tests described in Section 11 may be used for the 
etching test. If the specimen from any length shows objectionable 
defects, that length may be rejected. 


1 Pending development of etching methods applicable to the product covered by these specifica- 
tions, it is recommended the Tentative Recommended Practice for a Standard Macro-Etch Test for 
q Steel described in the National Metals Handbook, Am. Soc. for Metals, 1933 edition, p. 639, be followed. 
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Rejection 

$7. At the purchaser’s discretion, if 10 per cent of the pipe in 
any one lot fail to meet the requirements of Paragraphs S2 to S6, 
the entire lot may be rejected. Rejection of a lot shall be based on 
tests from not less than two pipes. A lot shall consist of all the pipe 
bought by a purchaser of the same size and wall thickness from any 


EXPLANATORY NOTES 


Note 1.—The subcommittee formulating these specifications has included 
several classes of material that have been rather extensively used. Upon 
mutual agreement between the manufacturer and purchaser, other classes of 
material may be employed, provided they otherwise meet the requirements of 
these specifications. Other compositions will be considered for inclusion in 
these specifications by the committee from time to time as the need becomes 
apparent. 

Note 2.—Pending the incorporation of high-temperature data in an appen- 
dix, which it is the purpose in due time to add, high-temperature properties, 
when it is desired that the same be indicated or specified, shall be a matter of 
agreement between the manufacturer and purchaser. No high-temperature 
tests shall be required on the materials selected unless a matter of agreement 
between the manufacturer and purchaser. When required, the short-time 
tests at elevated temperature shall be in accordance with the Tentative Method 
of Test for Short-Time High-Temperature Tension Tests of. Metallic Materials 
(A.S.T.M. Designation: E 21 —- 34 T)! and the creep tests shall be in accordance 
with the Tentative Method of Test for Long-Time (Creep) High-Temperature 
Tension Tests of Metallic Materials (A.S.T.M. Designation: E 22-35 T)? of 
the American Society for Testing Materials. 


1 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 1214 (1934); also 1935 Book of 
A.S.T.M. Tentative Standards, p. 1406. vee 
2See p. 1291. 
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TENTATIVE SPECIFICATIONS 
FOR 


FORGED OR ROLLED ALLOY-STEEL PIPE FLANGES, FORGE D 
FITTINGS, AND VALVES AND PARTS FOR SERVICE AT 
TEMPERATURES FROM 750 TO 1100 F.! 


_ A.S.T.M. Designation: A 182-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1935.” 
Scope 

1. (a) These specifications cover forged or rolled alloy-steel pipe 
flanges, forged fittings, and valves and parts intended for service at metal 
temperatures from 750 to 1100 F. (Note 1). The term “forgings” used 
herein shall be understood to cover one or all of the products mentioned 
above, either forged or rolled. 

(b) Ten grades of material are included covering ferritic steels and 
austenitic steels, designated F 1, F 2, etc., and classified in accordance with 
their chemical and physical properties as specified in Sections 8 and 11. 
Choice from the several steels should be made on the basis of the require- 
ments of design and service conditions, physical properties, and the high- 
temperature characteristics (Note 2). 


| 


Certification of Test 


2. Where mutually agreed upon in ow niting between the purchaser and 
manufacturer, a certification that the material conforms to the require- 
ments specified may be the basis of acceptance of the material. Other- 
wise, the manufacturer shall report to the purchaser or his representative 
the results of the chemical analysis and tension tests made in accordance 
with these specifications. 


Process 


3. The steel may be made by the electric-furnace, open-hearth, ot 
other process approved by the purchaser. 


Discard 

4. Sufficient discard shall be made from each ingot to secure freedom 
from injurious piping and undue segregation. ‘The steel shall have 4 
homogeneous structure as shown by the macro-etch test in Section 16. 


1 Under the canteotiantion gosgetuse of the Society, these specifications are under the jurisdic 
the A.S.T.M. Committee A-1 on Steel 


2 Accepted for publication as tentative by Committee E-10 on Standards, August 22, 1935. 
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Forging Practice 
5. (a) Material for forgings shall consist of blooms, billets, slabs, or 
bars either forged or rolled from an ingot, and cut to the required length 
by a process that will not produce injurious defects in the forging. 
(b) Forging or rolling operations may be performed either by ham- 
mering, pressing, rolling, extruding, or upsetting. Forgings shall be 
ought as nearly as practicable to the finished shape and size by hot work- 


ing and shall be so processed as to cause metal flow during the hot-working 
peration in the direction most favorable for resisting the stresses en- 
untered in service. 

c) When specified in the purchase order, a sample forging may be 
ectioned and etched to show flow lines and the condition as regards in- 
tenal imperfections. In such cases, the question of acceptable and un- 

ceptable character of metal flow shall be a subject for agreement between 


the purchaser and manufacturer. 


ipe 
a (d) When specified in the purchase order, the manufacturer shall 
ised | “)mit for approval of the purchaser a sketch showing the shape of the 


rough forging before machining. 


Heat Treatment Required 


and 6. (a) All forgings shall receive a heat treatment suitable to their 
with ign and chemical composition. Heat treatment shall be performed 
1 i. lore machining except when re-heat treatment is necessary. Unless 
pare therwise agreed on, the method of heat treatment shall be at the option 
high- the manufacturer. 
a (b) Heat treatment for the ferritic steels may consist of full annealing, 
7 malizing, full annealing and normalizing, or full annealing and/or 
rand malizing followed by tempering. Liquid quenching shall be permitted 
uire- t austenitic steels only, except as may be otherwise agreed upon by the 
)ther- rchaser and manufacturer. 
tative ‘) Austenitic steels shall receive a stabilizing treatment as described 
Heat Treatment 
7. (a) Full Annealing.—The procedure for full annealing shall consist 
th, or lowing the forgings, immediately after forging or rolling, to cool to a 
perature below the critical range under suitable conditions to prevent 
ries by too rapid cooling. They shall then be uniformly reheated to the 
‘Oper temperature and for the required time to refine the grain, and cooled 
eedom ly thereafter in the furnace or in lime. ‘The forgings shall not be 
nave @ oved from the furnace or the lime until a metal temperature of approxi- 
6. ely 500 F. (260 C.) has been attained. 
diction Normalizing —The procedure for normalizing shall consist in 
Wing the forgings, immediately after forging or rolling, to cool to a 
7 perature below the critical range, under suitable conditions to prevent 


to 
the 


Chemical Composition 
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injuries by too rapid cooling. They shall then be uniformly reheated to 
the proper temperature and held there a sufficient time to refine the grain 
(a group thus reheated being known as a ‘“‘normalizing charge”’), followed 
by cooling in still air at room temperature. 

(c) Tempering or Drawing.—The procedure for tempering or drawing 
shall consist in reheating the forgings to a temperature at least 200 F. 
(93 C.) above the temperature to be encountered in service, holding at 
that temperature for not less than 1 hr. per inch of thickness at the thickest 
section, followed by cooling in the furnace or in still air. 

(d) Stabilizing —The procedure for stabilizing austenitic steels shall 
consist in holding the forgings for sufficient time at the stabilizing tem- 
perature, followed by rapid air cooling or by quenching in a liquid medium 
if required, to meet the physical properties specified. 


A. 


8. Each alloy? shall conform to the following requirements as to 
chemical composition or to other chemical requirements as specified on 
the purchase order: 


Ferritic Steels 


Identification Symbol.......... 


Fl 


F3 


F4 


F5 


F6 


Grade 


Carbon, per cent 
Manganese, per cent........... 
Phosphorus, per cent. 
Sulfur, per cent....... ‘ 
Silicon, per cent.............. 
Nickel, per cent 
Chromium, per cent... .. 
Molybdenum, per cent 
Tungsten, per cent 
Titanium, per cent....... 


Carbon- Chromium- Nickel- 4-6 13 
Molybdenum Molybdenum Chromium- Per Cent Per Cent 
Molybdenum Chromium Chromium 
0.35 max. 0.15 to 0.25 0.35 to 0.45 0 15 to 0.25 0.12 max. 
0.30 to 0.80 0.40 to 0.60 0.40 to 0.70 0.30 to 0.50 0.50 max. 
0.04 max. 0.04 max. 0.05 max. 0.04 max 0.03 max. 
0.045 max. 0.04 max. 0.05 max. 0.04 max 0.03 max. 
0.20 to 0.50 0.50 max 0.50 max. 
1.50 to 2.00 0.55 to 0.85 4.00 to 6.00 11.5 to 13.0 
0.40 to 0.60 0.60 to 0.80 0.30 to 0.40 0.40 to 0.60% | ........000- 


Ferritic Steels 


Austenitic Steels 


Ferritic Steel 


Austenitic Steel 


Tungsten, 


Titanium, per cent............. 


Identification Symbol.......... F7 F8 F 10 Fil P12 
Chromium- 18 Chromium 20 Nickel Chromium- 20 Nickel 
Grade Molybdenum 8 Nickel 8 Chromium Manganese- 8 Chromium 
Molybdenum 
- Carbon, per cent.............. 0.25 to 0.40 0.07 max 0.10 to 0.20 0.25 to 0.40 0.45 mas. 
Manganese, per cent........... 0.40 to 0.85 0.50 max. 0.50 to 0.70 1.20 to 1.50 0.50 to 0.7 
Phosphorus, per cent.......... 0.05 max. 0.03 max. 0.03 max. 0.05 max. 0.03 max. 
Sulfur, per cent.............-- 0.05 max. 0.03 max. 0.03 max. 0.05 max. 0.03 max. 
Silicon, per cent............... 0.15 to 0.45 0.20 to 0.40 1.00to 1.40 0.40 to 0.60 0 90 to 1.8 
POP 7.00 to 10.0° | 19.0 to22.0 | .......... 19.0 to 22.0 
Chromium, per cent.......... 0.75 to 1.10 17.0 to 20.0°¢ 7.00 to 9.00 0.60 to 0.90 7.00 to 9 
Molybdenum, per cent........ 0.25to0.40 | ....--- 


@ Wither molybdenum or tungsten shall be used. 
¢ Sum of chromium and nickel contents shall not be less than 26 per cent. 


> May be added. 


1 When material is ordered for welding fabrication, chemical and physical requirements shall be a m4 
of agreement between the purchaser and the manfuacturer. 
2 Alloys have been numbered so that similar alloys in 
and bolting will bear the same number for alloys numbered 10 or below. No alloys F 2 or F 9 are inc! 
as the particular compositions corresponding to these numbers are not included in these specifications. 
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manufacturer to determine the percentage of the elements specified. 
analysis shall be made from drillings taken at least } in. beneath the sur- 
face of a test ingot obtained during the pouring of a melt. 
composition thus determined, or that determined from a check analysis 
made by the forgings manufacturer, shall be reported to the purchaser or 
his representative and shall conform to the requirements specified. 


Check Analyses 


from one forged or rolled flange, fitting, or valve or part, or from broken 
tension test specimens. 
onform to the requirements specified. 


A.S.T.M. DESIGNATION: A 182-35 T 


9. A ladle analysis of each melt of steel shall be made by the steel 
This 


The chemical 


10. Analysis representing each melt may be made by the purchaser 


The chemical composition thus determined shall 
All drillings for check analysis 
chall be taken at least { in. beneath the surface, or turnings may be taken 
from test specimens. 


Tension Tests 


11. (a) The forgings shall conform to the following minimum require- 


ments as to tensile properties! at room temperature: ~~ 


TENSILE YIELD 
STRENGTH, Pont, ELONGATION REDUCTION 
LB. PER LB. PER IN 2 IN., OF AREA, 
SQ. IN. SQ. IN. PER CENT PER CENT 
Grade F 1 70 000 45 000 25 —635 
70 000 40 000 20 40 
90 000 70 000 18 50 
85 000 55 000 25 
100 000 75 000 18 50 
80 000 40 000 35 50 
80 000 35 000 40 60 


100 000 45 000 50 


60 


(b) The yield point shall be determined by the drop of the beam or 
tin the gage of the testing machine, or by the use of dividers, at a cross- 
id speed not to exceed 4 in. per min. Where a definite yield point is 
t exhibited, the yield strength corresponding to a limiting permanent 
tof 0.2 per cent of the gage length of the specimen shall be used instead. 

‘he “set method”’ of determining yield strength as described in the Stand- 
td Methods of Tension Testing of Metallic Materials (A.S.T.M. Desig- 
tion: E 8) of the American Society for Testing Materials? shall be followed. 
ie tensile strength shall be determined at a crosshead speed of not to 
eed 13 in. per min. 


When material is ordered for welding fabrication, chemical and physical requirements shall be a matter 
tfeement between the purchaser and the manufacturer. 
1933 Book of A.S.T.M. Standards, Part I, p. 949. 
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(c) The yield strength, where given, shall be determined by an exten- 
someter reading to 0.0002 in. The extensometer shall be attached to the 
specimen at the gage marks and not to the shoulders of the specimen nor 
to any part of the testing machine. 


Hydrostatic Tests 

12. Valve bodies or fittings and other pressure-containing parts shall 
be tested after machining to a hydrostatic pressure of four times the 
primary service pressure rating. No hydrostatic test is required for weld- 
ing neck or other flanges. a 


Number of Tests 

13. (a) One tension test at room temperature shall be made by the 
manufacturer from each melt in each heat treatment charge. ‘The results 
of these tests shall be reported to the purchaser or his representative. 

(b) For purpose of tests, the necessary extra forgings or test bars 
shall be provided to furnish the specimens required in Paragraph (a). 
The test specimen if cut from a flange shall be cut tangentially from the 
flange portion approximately midway between the inner and outer surfaces 
and approximately midway between the front and back faces. When itis 
impracticable to provide extra forgings for test purposes, test bars may be 
made from the billet or bar, provided they are given approximately the same 
reduction and heat treatment as the forgings. 


Tension Test Specimens 

14. (a) The tension test specimens taken from the forgings, billets, 
or bars shall be machined and shall be of the usual type for 2-in. gage length 
as described in Section 15 of the Standard Methods of Tension Testing of 
Metallic Materials (A.S.T.M. Designation: E 8) of the American Society 
for Testing Materials.1. The diameter of the test specimen shall be 0.505 
in. ‘The ends shall be of a form to fit the holders of the testing machine in 
such a way that the load shall be axial. 

(b) In the case of small sections which will not permit of taking the 
standard test specimen specified in Paragraph (a), the tension test specimen 
shall be as large as feasible and its dimensions shall be proportional to 
those of the standard test specimen specified in Paragraph (a). The gage 
length for measuring elongation shall be four times the diameter of the 
specimen. 

Retests 

15. (a) If any of the results of the physical tests of any test lot do no! 
conform to the requirements specified, the manufacturer may re-treat such 
lots not to exceed twice and retests shall be made as specified in Section 
13 (a). 


11933 Book of A.S.T.M. Standards, Part I, p. 949. 
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en- b) If any test specimen shows defective machining, it may be dis- 
the § carded and another specimen substituted from the same melt and heat 
nor § treatment charge. 
(c) If the percentage of elongation of any test specimen is less than 
that specified and any part of the fracture is more than 3 in. from the 
hall 
the 
Macro-Etch Tests 
16. In case of question as to the soundness of material in any lot of 
iorgings and its suitability for the intended service, a macro-etching test 
the § shall be made for each melt present in the lot. Etching tests! shall show 
sults J und and reasonably uniform material, free from injurious laminations, 
cracks, segregations, and similar objectionable defects. If on successive 
bars ff tests 10 per cent of any melt fail to pass the requirements of the macro-etch 
(a). & test, all forgings from that melt shall be rejected. 
n the 
faces Workmanship and Finish 
sade 17. (a) The forgings shall conform to the sizes and shapes specified 
ay be by the purchaser. 
— (6) The forgings shall be free from injurious defects and shall have a 
iorkmanlike finish. 
villets, Wentification 
length 18. Identification marks consisting of the manufacturer’s symbol or 
ing of § same, designation of service rating, the designation F 1, F 2, etc., showing 
ociety eclass of material, and the size shall be stamped legibly on each forging 
0.505 iccordance with the Product Marking System (No. SP-25 — 1934) of the 
nine in § Manufacturers Standardization Society of the Valve and Fittings Industry. 
ng the inspection 
or 19. The inspector representing the purchaser shall have free entry, 
mal 0B at al times while work on the contract of the purchaser is being performed, 
” ee all parts of the manufacturer’s works which concern the manufacture of 
of the ¢ forgings ordered. The manufacturer shall afford the inspector, without 
irge, all reasonable facilities to satisfy him that the forgings are being 
imished in accordance with these specifications. All routine tests (except 
do not § “ick analyses) and inspection shall be made at the place of manufacture 
at such § Mor to shipment and at the manufacturer’s expense, and shall be so con- 
Sectiot cted as not to interfere unnecessarily with the operation of the works. 


' Pending development of etching methods applicable to the product covered by these specifications, it 
commended that the Tentative Recommended Practice for a Standard Macro-Etch Test for Steel, de- 
ed in the National Metals Handbook, Am. Soc. for Metals, 1933 Edition, p. 639, be followed. 
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Rejection 

20. (a) Unless otherwise specified, any rejection based on tests shall 
be reported within twelve working days from the receipt of samples or test 
reports. 

(b) Each forging which develops injurious defects in shop working or 
application shall be rejected and the manufacturer notified. Where such 
defect occurs, the purchaser shall be entitled to conduct at his own expense 
such check tests as may be necessary to demonstrate the acceptability of 
the balance of the lot. At the purchaser’s discretion, if 10 per cent of the 
forgings in any melt of a heat treatment charge fail to meet the specified 
chemical and physical requirements, the entire lot may be rejected. 
Rehearing 

21. Samples tested in accordance with Sections 10 and 16, which 
represent rejected forgings shall be preserved for two weeks from the date 
of the test report. In case of dissatisfaction with the results of the tests, 
the manufacturer may make claim for a rehearing within that time. 


a EXPLANATORY NOTES 


Note 1.—The subcommittee formulating these specifications has included ten 
grades of material that have been rather extensively used. Upon agreement between 
the purchaser and manufacturer, other classes of material may be employed, provided 
they otherwise meet the requirements of these specifications. Other composition 
will be considered for inclusion in these specifications by the committee from time to 
time as the need becomes apparent. It should be noted that it is not intended to 
imply that all the alloy steels shown are suitable over the entire temperature range 
Some are suitable only at lower temperatures, unless low stresses are employed. 


Note 2.—High-temperature properties, when it is desired that they be indi 
cated or specified, shall be a matter of agreement between the purchaser and manu- 
facturer pending the incorporation of high temperature data in an appendix, which 
it is the intention to add in due time. No high-temperature tests shall be required 
on the materials selected unless made a matter of agreement between the purchaser 
and manufacturer. When required, the short-time tests at elevated temperature 
shall be in accordance with the Tentative Method of Test for Short-Time High- 
Temperature Tension Tests of Metallic Materials (A.S.T.M. Designation: E 21- 
34 T),' and the creep tests shall be in accordance with the Tentative Method of Test 
for Long-Time (Creep) High-Temperature Tension Tests of Metallic Materials 
(A.S.T.M. Designation: E 22 - 35 T)? of the American Society for Testing Materials. 

1 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 1214 (1934); also 1935 Book of A.S.T.M. Tent 


tive Standards, p. 1406. 
2 See p. 1291. 
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TENTATIVE SPECIFICATIONS 
FOR 


12 PER CENT CHROMIUM STEEL CASTINGS! 


A.S.T.M. Designation: A 168 - 35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1935. 
Scope 


1. These specifications cover the 11.5 to 14 per cent chromium type 
of stainless steel castings, of 0.15 per cent, maximum, carbon content 
(Note). 


Note.—Certain castings for high resistance to compression and/or abrasion are made 
of a similar composition but of higher carbon content; these specifications are not intended 
to cover such castings. 


Process 


2. The steel shall be made by the electric-furnace process. _ 


Heat Treatment 

3. (a) All castings shall receive a heat treatment proper to the design 
of the casting. 

(b) Heat treatment of the castings, unless otherwise specified by the 
purchaser, shall consist of a normalizing followed by drawing, and then 
cooling in air. The normalizing temperature shall be not less than 1875 F. 

1024 C.) and the drawing temperature shall be not less than 1100 F. 
595 C.) nor greater than 1350 F’. (680 C.) (Notes 1 and 2). 


Note 1.—If a lower drawing temperature is desirable, it should be less than 900 F. 
485 C.) in order to preserve the maximum corrosion resistance. 
Note 2.—This alloy responds to oil quenching, particularly as the carbon approaches 


Chemical Composition 

4. (a) The castings shall conform to the following requirements as 
to chemical composition : 


0.25 to 0.75 


* If the carbon content exceeds 0.12 per cent, the chromium content shall not be less than 12.50 per cent. 


AS rander the standardization procedure of the Society, these specifications are under the jurisdiction of the 
»-1.M. Committee A-10 on Iron-Chromium, Iron-Chromium-Nickel and Related Alloys. 
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Ladle Analysis 

An analysis of each melt of steel shall be made by the manufacturer 
to determine the percentages of the elements specified in Section 4. This 
analysis shall be made from drillings taken at least { in. beneath the surface 
of a test ingot poured to represent the heat. The chemical composition 
thus determined shall be reported to the purchaser or his representative, 
if requested, and shall conform to the requirements specified in Section 4. 


Check Analysis 

Analysis may be made by the purchaser from drillings taken from 
test bar stubs or from a representative casting for the particular heat 
required, employing the precaution of obtaining drillings at least { in. 
beneath the surface. The chemical composition thus determined shall 
conform to the requirements specified in Section 4. 


Radius not less 
Note :-TheGagelength, than Parallel Section 
Paralle! Section, and 
Shown, but the Ends | hel 
may be of any Shape 
to fit the Holders of 0, 005--> 
the Testing Machine ‘ Gage Length 
in such a Way that the for Elongation 
Load shall be axial. after Fracture 


Fic. Standard 2-in. Gage Length Tension Test Specimen. 


Tension Tests 
7. (a) The castings shall conform to the following requirements as t 
tensile properties (see Section 11 (a)): 


Tensile strength, min., Ib. per sq. in........... 80 000 


Reduction of area, min., per cent & 
_ (b) The yield point shall be determined by the drop of the beam « 


halt in the gage of the testing machine at a cross-head speed not to excee 
Lin. per min. The tensile strength shall be de termined at a speed of hea 
not to exceed 1} in. per min. 


Bend Tests 
8. (a) Bend tests shall be required for castings only when so specifi 
in the inquiry and order. 
(b) When a bend test is specified, the test specimen shall stand being 
bent cold through an angle of 90 deg. around a pin 1 in. in diameter withou' 
cracking on the outside of the bent portion. 
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Hardness Tests 

9. (a) The castings shall have a Brinell hardness number not to 
exceed 215. 

(b) In making the Brinell hardness tests reference should be made 
to the Standard Methods of Brinell Hardness Testing of Metallic Mate- 
rials (A.S.T.M. — E 10) of the American Society for Testing — 
Materials. 


Test Specimen 

10. (a) Tension and biased test specimens, when required, shall be 
taken from test bars cast attached to separately cast blocks, a sufficient 
number of which shall be provided for each heat of castings. In the case 
of castings for unusual or severe service, test bars shall be required to be 
attached to the castings when so specified in the inquiry or order. 

(b) Tension test specimens shall conform to the dimensions shown in 
Fig. 1. 

(c) Bend test specimens, when required, shall be machined to 1 by 
} in. in section with the corners rounded to a radius not over ;}; in. 

(d) Hardness tests shall be made on the castings when practicable, 
otherwise they shall be made on the bend or tension test specimen. 


Number of Tests 

11. (a) Since corrosion resistance is usually of prime importance in 
this alloy, tension tests shall be required only when specified in the inquiry or 
order. In such cases, one tension test, and when specified, one bend test 
shall be required from each melt. 

(b) The average of three Brinell readings shall be taken as the hard- 

ss number. 

(c) If any test specimen shows defective machining or develops flaws, 
itmay be discarded, in which case another specimen from the same lot 
shall be substituted. 

(d) If the percentage of elongation of any tension specimen is less 
than that specified in Section 7 (a) and any part of the fracture is more 
than $ in. from the center of the gage length, as indicated by scribe scratches 
marked on the specimen before testing, a retest shall be allowed. 


Retests 


12. If the results of the physical tests for any lot do not conform to 
i€ requirements specified, such lot may be reheat-treated, but not more 
nan twice. Retests shall be made as specified in Sections 7 and 8. 


Workmanship 
13. The castings shall conform substantially to the shapes and sizes 


dicated by the patterns and drawings submitted by the purchaser. 
'1933 Book of A.S.T.M. Standards, Part I, p. 942 
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626 SPECIFICATIONS FOR 12 PER CENT CHROMIUM STEEL CASTINGS 


Finish 
14. (a) The castings shall be clean and free from any adhering scale 


and injurious defects. Seams that are judged to be other than super- 
ficial will be sufficient to cause rejection of castings. 
Welding 

(b) Defects which do not impair the strength ‘a the casting lor the 
purpose intended may be welded (after cleaning out to solid metal) by 
either the electric-arc or the oxyacetylene process. With the electric 
method, a flux-coated rod is to be used, except in the case of the atom’c- 
hydrogen process, when a bare metal rod may be satisfactorily employed. 
When the oxyacetylene method is employed, care must be exercised to so 


control the operation that carbon absorption by the weld metal does not Soci 
occur. All castings shall be reheat-treated after welding. 

Notre.—Usually a 16 to 18 per cent chromium, 0.15 per cent carbon rod is employed Scop 
for such welding with good results. 
Marking 

15. Castings shall be permanently marked by cast symbols or by steel 
stamping in such position as not to injure the usefulness of the casting, J) ™™ 
with the manufacturer’s symbol or name, and also a designation to indicate 
the type or composition of the metal. to cor 
Inspection Proce 

16. (a) The inspector representing the purchaser shall have fre 
entry, at all times while work on the contract of the purchaser is being 
performed, to all parts of the manufacturer’s works which concern tht Heat 
manufacture of the castings ordered. The manufacturer shall afford th ‘ 
inspector, without charge, all reasonable facilities to satisfy him that th Purp 
castings are being furnished in accordance with these specifications. Al ( 
tests (except check analyses) and inspection shall be made at the place o/ purch 
manufacture prior to shipment, unless otherwise specified, and shall bes JF ™ € 
conducted as not to interfere unnecessarily with the operation of the works. Fa 

(b) If, in the case of important castings for special purposes, surfac en 
inspection in the green state is required, this shall be so specified in the order. J tesistar 
Rejection Chemi 

17. (a) Unless otherwise specified, any rejection based on tests ma 4 
in accordance with Section 6 shall be reported within twelve working da} chemi 
from the receipt of samples by the purchaser. 

(b) Castings which show injurious defects subsequent to their accep! ; 
ance at the manufacturer’s works will be rejected and the manufacture d 
shall be notified. 
Rehearing 

18. Samples tested in accordance with Section 6, which represett p 
rejected castings, shall be preserved for two weeks from the date of tran = 
mission of the test report. In case of dissatisfaction with the results of the we iba 


tests, the manufacturer may make claim for a rehearing within that tim 
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TENTATIVE SPECIFICATIONS 
by FOR 
ric 19 PER CENT CHROMIUM STEEL CASTINGS! 


] 
; A.S.T.M. Designation: A 169-35 T 
- This is a Tentative Standard and under the Regulations of the Society is subject to : 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
not Society, 260 S. Broad St., Philadelphia, Pa. ; 
IssuED, 1935. 
Scope 
1. These specifications cover corrosion-resisting and _heat-resisting 
by steel castings of the 17 to 21 per cent chromium type with 0.30 per cent, 
maximum, carbon content (Note). 
ing; Note.—Certain castings for high resistance to compression and/or abrasion are made 
cate of a similar composition but of higher carbon content; these specifications are not intended 
to cover such castings. 
Process 
free 2. The steel shall be made by the electric-furnace process. — 
eing 
Heat Treatment 
1 the 3. (a) All castings shall receive a heat treatment mainly for the 
t the purpose of stress relief. 

Al] (b) Heat treatment of the castings, unless otherwise specified by the 
ce of rchaser, shall consist of an anneal at between 1450 and 1550 F. (790 to 
he $0 C.) for a sufficient period depending on sections involved, cooling in 
vorks. mace to 1100 I. (595 C.) and then removing into the air (Note). 
rface Note.—It is desired that the cooling be fairly rapid through the range 1050 to 900 F. 
u to 485 C.) in order to prevent inter-crystalline precipitation which affects corrosion 
order. tance in certain cases. 

; Chemical Composition 

| "" 4. The castings shall conform to the following requirements as to 
Vs 
g ca} emical composition: 
present Phosphorus, max., per 0.050 
f trans * Copper is required for heat-resisting castings. 
Ss of the . , Under the standardization procedure of the Society, these specifications are under the jurisdiction of 
t time AS.T.M. Committee A-10 on Iron-Chromium, Iron-Chromium-Nickel and Related Alloys. 


ts. 
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Ladle Analysis 

5. An analysis of each melt of steel shall be made by the manufacturer 
to determine the percentages of the elements specified in Section 4. This 
analysis shall be made from drillings taken at least { in. beneath the surface 
of a test ingot poured to represent the heat. The chemical composition 
thus determined shall be reported to the purchaser or his representative, 
and shall conform to the requirements specified in Section 4. 


Check Analysis 

6. Analysis may be made by the purchaser from drillings taken from 
test bar stubs or from a representative casting for the particular heat 
required, employing the precaution of obtaining drillings at least { in. 
beneath the surface. 


Radius not less 


Note:-TheGagelength, thang. 
Parallel Section, and 
Fillets shall beas 1. 
Shown, but the Ends 
may be of any Shape : 
to fit the Holders of 
the Testing Machine ‘ Gage Length 

InsuchaWay that the for Elongation 
Load shall be axial. atter Fracture 


“ 


Fic. 1.—Standard 2-in. Gage Length Tension Test Specimen. 
Tension Tests 
7. (a) The castings shall conform to the following requirements 4s 
to tensile properties (see Section 11 (a)): 


Tensile strength, min., lb. per sq. in 90 000 
Yield point, min., lb. per sq. in 55 000 
Elongation in 2 in., min., per cent 

Reduction of area, min., per cent. 


(b) The yield point shall be determined by the drop of the beam or 
halt in the gage of the testing machine at a cross-head speed not to exceed 
i in. per min. The tensile strength shall be determined at a speed ©! 
head not to exceed 1} in. per min. 


Bend Tests 


8. No bend tests shall be required. 
Hardness Tests 


9. (a) The castings shall have a Brinell hardness number not | 
exceed 230. 

(b) In making the Brinell hardness tests reference should be made' 
the Standard Methods of Brinell Hardness Testing of Metallic Material: 


(A.S.T.M. Designation: E 10) of the American Society for Testing 


Materials.! 
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Test Specimens 

10. (a) Tension test specimens shall be taken from test bars attached 
to separately cast blocks, a sufficient number of which shall be provided 
for each heat of castings. In the case of castings for unusual or severe 
service, test bars shall be required to be attached to the castings, when so 
specified in the inquiry or order. 

(b) Tension test specimens shall conform to the dimensions shown 
in Fig. 1. 

(c) Hardness tests shall be made on the castings when practicable, 
otherwise they shall be made on the bend or tension test specimen. 


Number of Tests 

11. (a) Since corrosion resistance and heat resistance are usually of 
prime importance in this alloy, tension tests shall be required only when 
specified in the inquiry or order. In such cases one tension test shall 
be required from each melt. 

(b) The average of three Brinell readings shall be taken as the hard- 
ness number. 

(c) If any test specimen shows defective machining or develops flaws, 
it may be discarded, in which case another specimen from the same lot 
shall be substituted. 

(d) If the percentage of elongation of any tension specimen is less 
than that specified in Section 7(a) and any part of the fracture is more 
than } in. from the center of the gage length, as indicated by scribe scratches 


sia marked on the specimen before testing, a retest shall be allowed. 


Retests 
12. If the results of the physical tests for any lot do not conform to 
requirements specified, such lot may be re-treated, but not more than 

twice. Retests shall be made as specified in Sections 7 and 8. 


___ 13. The castings shall conform substantially to the shapes and sizes 
indicated by the patterns and drawings submitted by the purchaser. 
Finish 

14. (a) The castings shall be clean and free from any adhering scale 
‘nd injurious defects. Seams that are judged to be other than super- 
icial will be sufficient to cause rejection of castings. 
Welding 


(b) Defects which do not impair the strength of the casting for the 
Purpose intended may be welded (after cleaning out to solid metal) by 
ther the electric-arc or the oxyacetylene process. With the electric 
wethod, a flux-coated rod is to be used, except in the case of the atomic- 


ym ot 
xceed 
ed Ol 


not to 


to 
aterial: 
Testing 


er 
is 
ce 
yn 
ym 
cat 


SPECIFICATIONS FOR 19 PER CENT CHROMIUM STEEL CASTINGS 


630 


j 
hydrogen process, when a bare metal rod may be satisfactorily employed. 
When the oxyacetylene method is employed, care must be exercised to so 
control the operation that carbon absorption by the weld metal does not 
| occur. All castings shall be reheat-treated after welding. 


Note.—Usually a 16 to 18 per cent chromium, 0.15 per cent carbon rod is employed 
for such welding with good results. 


Marking 

15. Castings shall be permanently marked by cast symbols or by 
stamping in such position as not to injure the usefulness of the casting, 
with the manufacturer’s symbol or name, and also a designation to indic ate 


the type or composition of the metal. oe om. 
Inspection 


16. (a) The inspector representing the purchaser shall have free 


entry, at all times while work on the contract of the purchaser is being Scope 
performed, to all parts of the manufacturer’s works which concern the 
manufacture of the castings ordered. ‘The manufacturer shall afford the tel 
inspector, without charge, all reasonable facilities to satisfy him that the — 
castings are being furnished in accordance with these specifications. All tame 
tests (except check analyses) and inspection shall be made at the place of to cove 
manufacture prior to shipment, unless otherwise specified, and shall be so Proces 
conducted as not to interfere unnecessarily with the operation of the works. 9 
(b) If, in the case of important castings for special purposes, surface 
inspection in the green state is required, this shall be so specified in the order. ae 


Rejection 

17. (a) Unless otherwise specified, any rejection based on tests made 
in accordance with Section 6 shall be reported within twelve working days 
from the receipt of samples by the purchaser. 

(b) Castings which show injurious defects subsequent to their accept 
ance at the manufacturer’s works will be rejected and the manufacturer 
shall be notified. 


Rehearing 
18. Samples tested in accordance with Section 6, which repres nt 
rejected castings, shall be preserved for two weeks from the date of tran: 
mission of the test report. In case of dissatisfaction with the results of the 
tests, the manufacturer may make claim for a rehearing within that time. 
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TENTATIVE SPECIFICATIONS 
FOR 
28 PER CENT CHROMIUM STEEL CASTINGS! 
A.S.T.M. Designation: A 170 - 35 T 
This is a Tentative Standard and under the Regulations of the Society is subject to 


annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1935. 
Scope 


1. These specifications cover corrosion-resisting and_heat-resisting 
steel castings of the 26 to 30 per cent chromium type with 0.50 per cent, 
maximum, carbon content (Note). 


Note.—Certain castings for high heat resistance and/or abrasion resistance are made 
ofa similar composition but of higher carbon content; these specifications are not intended 
to cover such castings. 


Process 


2. The steel shall be made by the electric-furnace process. a 


Heat Treatment 


3. (a) All corrosion-resisting castings shall receive a stress-relieving 
treatment. They shall be annealed at between 1450 and 1550 F. (790 to 
445 C.) and cooled slowly in the furnace to 1100 F. (595 C.) and then 
oled in the air from that temperature (Notes 1 and 2). 

(b) Castings for high-temperature service need not be heat-treated 
inless specifically requested in the order. 


__Note 1.—Heavy sections may be cooled in water instead of in air from 1100 F. 
95 C.) if maximum impact toughness is required. 
‘OTE 2.—Where castings are of small dimensions and simple in design, they may be 


5g from 1650 F. (900 C.) with no further treatment to get most satisfactory 
inability. 


Chemical Composition 


4. The castings shall conform to the following requirements as to 
composition : 


Carbon, per cent 0.25 to 0.50 
Manganese, per cent 0.25 to 0.75 
Silicon, max., per cent 
Nickel, max., per cent 
Sulfur, max., per cent 
Phosphorus, max., per cent 
‘Under the standardization procedure of the Society, these specifications are under the jurisdiction of 
S.T.M. Committee A-10 on Iron-Chromium, Iron-Chromium-Nickel and Related Alloys. 
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Ladle Analysis 
5. An analysis of each melt of steel shall be made by the manufacturer 

to determine the percentage of the elements specified in Section 4. This 
analysis shall be made from drillings taken at least { in. beneath the sur- 
face of a test ingot poured to represent the heat. The chemical composition 
thus determined shall be reported to the purchaser or his representative, 
and shall conform to the requirements specified in Section 4. 
Check Analysis 

. 6. An analysis may be made by the purchaser from drillings taken 
from test bar stubs or from a representative casting for the particular heat 
required, employing the precaution of obtaining drillings at least { in. 
beneath the surface. 


Radius not less 


je 4 
Note:-TheGagelength, thang~..| Parallel Section | 


Paralle/ Section, and 
Fillets shall be as 
Shown, but the Ends 
may be of any Shape 
to fit the Holders of 


Load shall be axial, atter Fracture 


Fic. 1.—Standard 2-in. Gage Length Tension Test Specimen. 
Tension Tests 
7. (a) The castings shall conform to the following requirements a: 
to tensile properties (see Section 11 (a)): 
Tensile strength, min., Ib. per sq. in 
Yield point, min., Ib. per sq. in 
(b) The yield point shall be determined by the drop of the beam or 
halt in the gage of the testing machine at a cross-head speed not to exceed 
1 in. per min. ‘The tensile strength shall be determined at a speed of 
head not to exceed 13 in. per min. 


Bend Tests 
8. No bend tests shall be required. 


Hardness Tests 

9. (a) The castings shall have a Brinell hardness number not to 
exceed 230. 

(b) In making the Brinell hardness tests reference should be made t 
the Standard Methods of Brinell Hardness Testing of Metallic Materials 
(A.S.T.M. Designation: E 10) of the American Society for Testing 
Materials." 


_ 41933 Book of A.S.T.M. Standards, Part I, p. seal 
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Test 

10. (a) Tension test specimens shall be taken from test bars cast 
attached to separately cast blocks, a sufficient number of which shall be 
provided for each heat of castings. In the case of castings for unusual or 
severe service, test bars shall be required to be attached to the castings 
when so specified in the inquiry or order. 

(b) Tension test specimens shall conform to the dimensions shown 
in Fig. 1. 

(c) Hardness tests shall be made on the castings when practicable, 
otherwise they shall be made on the bend or tension test specimen. 


Number of Tests 


11. (a) Since corrosion-resistance or héat-resistance (or both) are 
usually of prime importance in the use of this alloy, tension tests shall be 
required only when specified in the inquiry or order. In such cases one 
tension test shall be required from each melt. 

(b) The average of three Brinell readings shall be taken as the hard- 
ness number. 

(c) If any test specimen shows defective machining or develops flaws, 
itmay be discarded, in which case another specimen from the same lot 
shall be substituted. 


12. If the results of the physical tests for any lot do not conform to 
requirements specified, such lot may be reheat-treated, but not more 


than twice. Retests shall be made as specified in Sections 7 and 8. a 
Workmanship 


__ 13. The castings shall conform substantially to the shapes and sizes 
indicated by the patterns and drawings submitted by the purchaser. 


iS as 


Finish 


14. (a) The castings shall be clean and free from any adhering scale | 
| injurious defects. Seams that are judged to be other than super- 


ial will be sufficient to cause rejection of castings. ,- e 


(b) Defects which do not impair the strength of the casting for the 
rpose intended may be welded (after cleaning out to solid metal) by 
ther the electric-arc or the oxyacetylene process. With the electric 
thod, a flux-coated rod is to be used, except in the case of the atomic- 

‘ydrogen process, when a bare metal rod may be satisfactorily employed. 
"hen the oxyacetylene method is employed, care must be exercised to so 
ntrol the operation that carbon absorption by the weld metal does not 


cur. All castings shall be reheat-treated after welding. © a 
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Marking 

15. Castings shall be permanently marked by cast symbols or by 
stamping in such position as not to injure the usefulness of the casting, 
with the manufacturer’s symbol or name, and also a designation to indicate 


the type or composition of the metal. 
Inspection 


16. (a) The inspector representing the purchaser shall have free 
entry, at all times while work on the contract of the purchaser is being 
performed, to all parts of the manufacturer’s works which concern the 
manufacture of the castings ordered. ‘The manufacturer shall afford the 
inspector, without charge, all reasonable facilities to satisfy him that the 
castings are being furnished in accordance with these specifications. All 
tests (except check analyses) and inspection shall be made at the place of 
manufacture prior to shipment, unless otherwise specified, and shall be so 
conducted as not to interfere unnecessarily with the operation of the works. 

(b) If, in the case of important castings for special purposes, surface 
inspection in the green state is required, this shall be so specified in the order. 


Rejection 

17. (a) Unless otherwise specified, any rejection based on tests made 
in accordance with Section 6 shall be reported within twelve working days 
from the receipt of samples by the purchaser. 

(b) Castings which show injurious defects subsequent to their accept- 
ance at the manufacturer’s works will be rejected and the manufacturer 
shall be notified. 


Rehearing > 
18. Samples tested in accordance with Section 6, which represen 
rejected castings, shall be preserved for two weeks from the date of trans 
mission of the test report. In case of dissatisfaction with the results of the 
tests, the manufacturer may make claim for a rehearing within that time. 
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TENTATIVE SPECIFICATIONS 
FOR 
PER CENT CHROMIUM, 12 PER CENT NICKEL ALLOY 
STEEL CASTINGS! 
A.S.T.M. Designation: A 171-35 T re 
This is a Tentative Standard and under the Regulations of the Society is subject to 


annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


ISSUED, 1935.? 
Scope 
1. These specifications cover alloy-steel castings of the 24 per cent 
chromium, 12 per cent nickel type (Note). 
Note.—This alloy has been used for applications requiring strength and scale resist- 


nce at elevated temperatures, and also for corrosion resistance at normal and/or high 
mperatures., 


Process 
2. The steel shall be made by the electric-furnace process. 
Heat Treatment 
3. (a) All castings shall receive a heat treatment proper to their 
mM. 
(b) Heat treatment of castings intended for corrosion-resisting appli- 
tions, unless otherwise specified by the purchaser, shall consist of thorough 
ting at a temperature of not less than 1875 F. (1024 C.), followed by 
enching in water or air, depending upon the character of the castings. 
tricate castings may require drawing for strain relief which should be 
e thoroughly at a temperature not in excess of 800 F. (427 C.). 
(c) Castings intended for heat-resistance applications need not be 
t treated, unless specified by the purchaser for purpose of strain relief. 
(d) This type alloy is intended for use in castings in which the size 
design will permit rapid cooling of all parts from the heat-treating 
mperature (minimum 1875 F. (1024 C.)), to 800 F. (427 C.). For massive 
‘intricate castings, with which it is impracticable to obtain a rate of 
ing sufficiently rapid to prevent harmful carbide precipitation, it may 
preferable to either introduce stabilizing elements (molybdenum, 


Under the standardization procedure of the Society, these specifications are under the jurisdiction of the 


-M. Committee A-10 on Iron-Chromium, Iron-Chromium-Nickel and Related Alloys. 
Accepted for publication as tentative by Committee E-10 on Standards, August 22, 1935. 
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titanium, columbium or vanadium), or employ a chromium-nickel alloy 
having a minimum chromium content of 28.0 per cent. 


Chemical Composition 


The castings shall conform to the following requirements as to 
chemical composition: 


Carbon, max., per cent ; 
Chromium, per cent 22.0 to 26.0 
Nickel, per cent 11.0 to 13.0 
Manganese, per cent 0.25 to 1.00 
Silicon, per cent 0.25to 1.50 
Sulfur, max., per cent 0.050 
Phosphorus, max., per cent 0.050 


@ Castings intended for heat-resisting applications may have a carbon content of 0.40 per cent, maximum. 


Ladle Analysis 

5. An analysis of each melt of steel shall be made by the manufacturer 
to determine the percentages of the elements specified in Section 4. This 
analysis shall be made from drillings taken at least } in. beneath the surface 
of a test ingot poured to represent the heat. The chemical composition 
thus determined shall be reported to the purchaser or his representative if 
requested, and shall conform to the requirements specified in Section 4. 


Check Analysis 

6. Analysis may be made by the purchaser from drillings taken from 
test bar stubs or from a representative casting for the particular heat 
required, employing the precaution of obtaining drillings at least { in. 
beneath the surface. The chemical composition thus determined shall 
conform to the requirements specified in Section 4. 


Tension Tests 
7. (a) The castings shall conform to the following requirements 4: 
to tensile properties (see Section 11 (a)): 


Tensile strength, min., lb. per sq. in 
Yield point, min., lb. per sq. in 0.45 tens. str. 
Elongation in 2 in., min., per cent 
Reduction of area, min., per cent 30 
(b) The yield point shall be determined by the dividers method, using 
a cross-head speed not to exceed } in. per min. ‘The tensile strength shall 
be determined at a speed of head not to exceed 1} in. per min. 


Bend Tests 

8. (a) Bend tests shall be required for castings only when so specified 
in the inquiry and order. 

(b) When a bend test is specified, the test specimen shall stand being 
bent cold through an angle of 120 deg. around a pin 1 in. in diameter with- 
out —— on the outside of the bent portion. 
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Hardness Tests 

9. (a) The castings shall have a Brinell hardness number not to exceed 
200. 

(b) In making the Brinell hardness tests reference should be made to 
the Standard Methods of Brinell Hardness Testing of Metallic Materials 
AS.T.M. es E 10) of the American Society for Testing 


Materials.! 

Test Specimens 
10. (a) Tension and bend test specimens, when required, shall be taken 

from test bars cast attached to separately cast blocks, a sufficient number 

of which shall be provided for each heat of castings. In the case of castings 

for unusual or severe service and where practicable, test bars shall be 


required to be attached to the castings, when so stated in the inquiry or 
order. 


Radius not less ez >| 
Note :- The Gage Length, thang. | Paralled Section 
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Parallel Section, and 

Shown, but the Ends H = ; 
may be ofany Shape 

to fit the Holders of 0, 005-.-->1 

the Testing Machine > Gage Length 

insuch a Way that the for Elongation 

load shall be axial after Fracture 


Fic. 1.—Standard 2-in. Gage Length Tension Test Specimen. 


(b) Tension test specimens shall conform to the dimensions shown in 
rig. 1. 

(c) Bend test specimens shall be machined to 1 by } in. in section 
“ith the corners rounded to a radius not over 3; in. 

(d) Hardness tests shall be made on the castings when practicable, 
therwise they shall be made on the bend or tension test specimen. 
Number of Tests 

11. (a) Since corrosion resistance is usually of prime importance in — 
iis alloy, tension tests shall be required only when stated in the inquiry 
order. In such cases, one tension test, and when specified, one bend 
t shall be required from each melt. 

(b) The average of three Brinell readings shall be taken as the hardness 
umber. 

(c) If any test specimen shows defective machining or develops flaws, 
‘may be discarded, in which case another specimen from the same lot 


tall be substituted. 

‘1933 Book of A.S.T.M. Standards, Part I, p. 942. 
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(d) If the percentage of elongation of any tension specimen is less than 
that specified in Section 7 (a) and any part of the fracture is more than 
+ in. from the center of the gage length, as indicated by scribe scratches 
marked on the specimen before testing, a retest shall be allowed. 
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Retests 

12. If the results of the physical tests for any lot do not conform to 
the requirements specified, such lot may be re-treated, but not more than 
twice. Retests shall be made as specified in Sections 7 and 8. 
Workmanship 


13. The castings shall conform substantially to the shapes and sizes 
indicated by the patterns and drawings submitted by the purchaser. 


Finish 

14. (a) The castings shall be clean and free from any adhering scale 
and injurious defects. Seams, folds and pits which are other than super- 
ficial and which shall be injurious to the service life of the casting will be 


sufficient cause for rejection. 
Welding 


(b) Defects which do not impair the strength of the casting for th 
purpose intended may be welded (after cleaning out to solid metal) b 
either the electric-arc or the oxyacetylene process. With the elect 
method, a flux-coated rod is to be used, except in the case of the atomic- 
hydrogen process, when a bare metal rod may be satisfactorily employed 
When the oxyacetylene method is employed, care must be exercised to s0 
control the operation that carbon absorption by the weld metal does not 
occur. All castings shall be reheat-treated after welding. 

Marking 

15. Where practicable, castings shall be permanently marked by cast 
symbols or by stamping in such position as not to injure the usefulness 0! 
the casting, with the manufacturer’s symbol or name, and also a designatio! 
to indicate the type or composition of the metal. 


Inspection 
16. (a) The inspector representing the purchaser shall have free entry, 


at all times while work on the contract of the purchaser is being performed 
to all parts of the manufacturer’s works which concern the manufactur 
the material ordered. The manufacturer shall afford the inspector, with 
charge, all reasonable facilities to satisfy him that the material is being 
furnished in accordance with these specifications. All tests (except cht 
analyses) and inspection shall be made at the place of manufacture pro! 
to shipment, unless otherwise specified, and shall be ‘so conducted as not t 
interfere unnecessarily with the operation of the works. 
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(6) If, in the case of important castings for special purposes, surface 
inspection in the green state is required, this shall be so specified in the order. 
Rejection 


639 


17. (a) Unless otherwise specified, any rejection based on tests made 
in accordance with Section 6 shall be reported within twelve working days 
from the receipt of samples. 

(b) Castings which show injurious defects subsequent to their accept- 
ance at the manufacturer’s works will be rejected and the manufacturer 


Rehearing 


18. Samples tested in accordance with Section 6, which represent 
rejected castings, shall be preserved for two weeks from the date of trans- 
mission of the test report. In case of dissatisfaction with the results of the 


tests, the manufacturer may make claim for a rehearing within that time. _ 
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TENTATIVE SPECIFICATIONS 
FOR 
25 PER CENT CHROMIUM, 20 PER CENT 
STEEL CASTINGS! 
A.S.T.M. Designation: A 172-35 T 
This is a Tentative Standard and under the Regulations of the Society is subject to 


annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


Scope 


These specifications cover alloy-steel castings of the 25 per cent 
chromium, 20 per cent nickel type (Note). 


Notre.—This alloy has been used for applications requiring strength and scale resist- 
ance at elevated temperatures, and also for corrosion resistance at normal and/or high 
temperatures. 


Process 


The steel shall be made by the electric-furnace process. _ 


Heat Treatment 


3. (a) All castings shall receive a heat treatment proper to their 
design. 

(b) Heat treatment of castings intended for corrosion-resisting appli- 
cations, unless otherwise specified by the purchaser, shall consist of 4 
thorough heating at a temperature of not less than 1875 F. (1024 C. 
followed by quenching in water or air, depending upon the character of 
the castings. Intricate castings may require drawing for strain relief which 
should be done thoroughly at a temperature not in excess of 800 F. (427 C. 

(c) Castings intended for heat-resistance applications need not be 
heat treated, unless specified by the purchaser for purpose of strain relief. 

(d) This type alloy is intended for use in castings in which the size 
and design will permit rapid cooling of all parts from the heat-treating 
temperature (minimum 1875 F. (1024 C.)), to 800 F. (427 C.). For massiv 
or intricate castings, with which it is impracticable to obtain a rate of 
cooling sufficiently rapid to prevent harmful carbide precipitation, it 
may be preferable to either introduce stabilizing elements (molybdenum, 


1 Under the standardization procedure of the Society, these specifications are under the jurisdiction of the 
A.S.T.M. Committee A-10 on Iron-Chromium, Iron-Chromium-Nickel and Related Alloys. 
2 Accepted for publication as tentative by Committee E-10 on Standards, August 22, 1935. 
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titanium, columbium or vanadium), or employ a chromium-nickel alloy 
having a minimum chromium content of 28.0 per cent. 


Chemical Composition 


4. The castings shall conform to the following requirements as to 
chemical composition: 


be * Castings intended for heat-resisting applications may have a carbon content of 0.40 per cent, maximum. 
Ladle Analysis 
5. An analysis of each melt of steel shall be made by the manufacturer 
to determine the percentages of the elements specified in Section 4. This 
ent analysis shall be made from drillings taken at least } in. beneath the surface 
of a test ingot poured to represent the heat. The chemical composition 
sist- thus determined shall be reported to the purchaser or his representative if 
nigh requested, and shall conform to the requirements specified in Section 4. _ 
Check Analysis 
6. Analysis may be made by the purchaser from drillings taken from 
st bar stubs or from a representative casting for the particular heat 
required, employing the precaution of obtaining drillings at least } in. 
heit neath the surface. The chemical composition thus determined shall 
, mform to the requirements specified in Section 4. 
ppli- Physical Properties 
of a 7. (a) The castings shall conform to the following requirements as to 
C.), nsile properties (see Section 11 (a)): 
er of Tensile strength, min., Ib. per sq. in.............2.eeeceeee 72 500 
shich 0.45 tens. str. 
Elongation in 2 in., min., per 25 
te Reduction of area, min., per cent............0..0ceceeeees 25 
lief. (b) The yield point shall be determined by the dividers method, using 
. aise toss-head speed not to exceed } in. per min. ‘The tensile strength shall 
ating determined at a speed of head not to exceed 1} in. per min. 
assivé Bend Tests 
ate : _ 8. (a) Bend tests shall be required for castings only when so specified 
on, inquiry or order. 
enum, (6) When a bend test is specified the test specimens shall stand being 
on oftte “Ot cold through an angle of 90 deg. around a pin 1 in. in diameter without 


king on the outside of the bent portion. 
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Hardness Tests 


9. (a) The castings shall have a Brinell hardness number not to tha 
exceed 225. iy 
(b) In making the Brinell hardness tests reference should be made to mal 
the Standard Methods of Brinell Hardness Testing of Metallic Materials 
(A.S.T.M. Designation: E 10) of the American Society for Testing Ret 
Materials.' 
the 
Test Specimens twic 
10. (a) Tension and bend test specimens, when required, shall be 
taken from test bars cast attached to separately cast blocks, a sufficient wer 
number of which shall be provided for each heat of castings. In the case ee 
of castings for unusual or severe service, and where practical, test bars indic 
shall be required to be attached to the castings, when so stated in the Finis 
inquiry or order. 
Radius not less 
Note :- The Gage Length, thang ~.. | Parallel Section | nd 
Parallel Section,and | cient 
may be of any Shape } ; 
to Fit the Holders of 0.0057--> burp 
the Testing Machine ‘Gage Length dithe 
in such aWay that the for Elongation Nery 
load shall be axial, after Fracture meth 
Fic. 1.—Standard 2-in. Gage Length Tension Test Specimen, = 
ler 
(b) Tension test specimens shall conform to the dimensions shown contr 
in Fig. 1. occur 
(c) Bend test specimens shall be machined to 1 by 3 in. in section 9 Marg; 
with the corners rounded to a radius not over ;’g in. 1 
(d) Hardness tests shall be made on the castings when practical symbe 
otherwise they shall be made on the bend or tension test specimen. the ca 
Number of Tests to ind 
11. (a) Since corrosion resistance is usually of prime importance it J Inspec 
this alloy, tension tests shall be required only when stated in the inquin 7 
or order. In such cases, one tension test, and when specified, one ben at all 4 
test shall be required from each melt. to alll | 
(b) The average of three Brinell readings shall be taken as the hardness J the m; 
number. charge 
(c) If any test specimen shows defective machining or develops flaws, § ‘urnjsy 
it may be discarded, in which case another specimen from the same lot ff analys 
shall be substituted. ‘0 ship 


11933 Book of A.S.T.M. Standards, Part I, p. 942. 


i 

' 

i 

: 

} 


A 172-35 T 


(d) If the percentage of elongation of any tension specimen is less 


0 than that specified in Section 7 (a) and any part of the fracture is more than | 
in. from the center of the gage length, as indicated by scribe scratches ; 
to marked on the specimen before testing, a retest shall be allowed. 
Retests 
. 12. If the results of the physical tests for any lot do not conform to 
the requirements specified, such lot may be re-treated, but not more than 
| twice. Retests shall be made as specified in Sections 7 and 8. 
Workmanship 
o 13. The castings shall conform substantially to the shapes and sizes 
von indicated by the patterns and the drawings submitted by the purchaser. 
the Finish 
14. (a) The castings shall be clean and free from any adhering scale 
ind injurious defects. Seams, folds, pits, which are other than superficial, 
ind which shall be injurious to the service life of the casting, will be suffi- 
cient cause for rejection. | 
(b) Defects which do not —_—" the strength of the casting for the 
irpose intended may be welded (after cleaning out to solid metal) by 
ther the electric-arc or the oxyacetylene process. With the electric 
method, a flux-coated rod is to be used, except in the case of the atomic- 
iydrogen process, when a bare metal rod may be satisfactorily employed. 
When the oxyacetylene method is employed, care must be exercised to so 
hown ntrol the operation that carbon absorption by the weld metal does not 
ur. All castings shall be reheat-treated after welding. 
ction Marking 
15. Where practicable, castings shall be permanently marked by cast 
cable, mbols or by stamping in such position as not to injure the usefulness of 
ne casting, with the manufacturer’s symbol or name, and also a designation 
to indicate the type or composition of the metal. 
nce i) laspection 
nquiry 16. (a) The inspector representing the purchaser shall have free entry, 
» bend tall times while work on the contract of the purchaser is being performed, 
ll parts of the manufacturer’s works which concern the manufacture of 
urdness material ordered. ‘The manufacturer shall afford the inspector, without 
rge, all reasonable facilities to satisfy him that the material is being 
s flaws, imished in accordance with these specifications. All tests (except check 
ume lot ilyses) and inspection shall be made at the place of manufacture prior 


shipment, unless otherwise specified, and shall be so conducted as not to 
iterfere unnecessarily with the operation of the works. 


A.S 5 | 
> 
t 


(b) If, in the case of important castings for special purposes, surface 
inspection in the green state is required, this shall be so specified in the order. 
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Rejection 

17. (a) Unless otherwise specified, any rejection based on tests made 
in accordance with Section 6 shall be reported within twelve working days 
from the receipt of samples. 

(b) Castings which show injurious defects subsequent to their accept- 
ance at the manufacturer’s works will be rejected and the manufacturer 


Rehearing 


18. Samples tested in accordance with Section 6, which represent 
rejected castings, shall be preserved for two weeks from the date of trans- §f 
mission of the test report. In case of dissatisfaction with the results of the J Socie 
tests, the manufacturer may make claim for a rehearing within that time. 

Scope 
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TENTATIVE SPECIFICATIONS 
FOR 
2 PER CENT CHROMIUM, 9 PER CENT NICKEL ALLOY 
STEEL CASTINGS! 


A.S.T.M. Designation: A 173-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 


anual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


Issuep, 1935.? 


Scope 
1. These specifications cover alloy-steel castings of the 28 per cent 
iromium, 9 per cent nickel type, for corrosion-resisting and heat-resisting 


service. 
Process 


2. The steel shall be made by the electric-furnace process. 
Heat Treatment 
3. Unless otherwise specified, heat treatment of the castings shall not 
required (Note). 
Note.—Intricate castings may require drawing for strain relief which should be done 
roughly at a temperature not to exceed 800 F. 
Chemical Composition 


4. The castings shall conform to the following requirements as to 
nical composition: 
Carbon, max., per cent 
Manganese, per cent .25 to 1.00 
Silicon, per cent .25 to 1.50 
Nickel, ® per cent .00 to 10.00 
Chromium, per cent .00 to 30.00 


Sulfur, max., per cent 0.050 
Phosphorus, max., per cent 0.050 


, Castings intended for heat-resisting applications may have a carbon content of 0.40 per cent, maximum. 
For certain applications, a nickel content within the range of 10 to 12 per cent is desirable. 


ladie Analysis 


5. An analysis of each melt of steel shall be made by the manufacturer 
letermine the percentages of the elements specified in Section 4. This 
lysis shall be made from drillings taken at least } in. beneath the surface 


‘Under the standardization procedure of the Society, these specifications are under the jurisdiction of the 
st Vommittee A-10 on Iron-Chromium, Iron-Chromium-Nickel and Related Alloys. 

Accepted for publication as tentative by Committee E-10 on Standards, August 22, 1935. 
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of a test ingot poured to represent the heat. The chemical composition 
thus determined shall be reported to the purchaser or his representative 
if requested, and shall conform to the requirements specified in Section 4. 


Check Analysis 
Analysis may be made by the purchaser from drillings taken from 
test bar stubs or from a representative casting from the particular heat 
required, employing the precaution of obtaining drillings at least } in. 
beneath the surface. The chemical composition thus determined shall 


conform to the requirements specified in Section 4. 


Tension Tests 


= 


7. (a) The castings (Note) shall conform to the following requirements 
as to tensile properties (see Section 11 (a)): 


Tensile strength, min., lb. per sq. in 
Yield point, min., lb. per sq. in 0.45 tens. str. 


Elongation in 2 in., min., per cent 20 
Reduction of area, min., per cent 20 


Note.—These physical properties refer to the corrosion-resisting alloy having a 
maximum carbon content of 0.30 per cent. The heat-resisting alloy in the higher range of 
carbon will indicate lower values for ductility. 

(b) The yield point shall be determined by the dividers method using 
a cross-head speed not to exceed } in. per min. The tensile strength shall 
be determined at a speed of head not to exceed 13 in. per min. 


Bend Tests 

8. (a) Bend tests shall be required only when so specified in the inquiry 
and order. 

(b) When a bend test is specified the test specimens shall stand being 
bent cold through an angle of 90 deg. around a pin 1 in. in diameter with- 
out cracking on the outside of the bent portion. 


Hardness Tests 

9. (a) The castings shall have a Brinell hardness number not t 
exceed 225. 

(b) In making the Brinell hardness tests reference should be mad 
the Standard Methods of Brinell Hardness Testing of Metallic Mater! 
(A.S.T.M. Designation: E 10) of the American Society for Testing 
Materials." 


Test Specimens 

10. (a) Tension -s bend test specimens, when required, s shal 
taken from test bars attached to separately cast blocks, a sufficient nun 
of which shall be provided for each heat of castings. In the case of casting: 


for unusual or severe service and where practical, test bars shall be requitt 
to be attached to the castings, when so stated in the inquiry and order. 


11933 Book ot A. S.T.M. Standards, Part I, p. 942. Te)ectic 


5 { 
Fig 
wit 
othe 
| Nun 
imp 
| in 
one 
hum 
it m 
sal 
| 
5 
A 
(4 
tt 
in 
lo 
| / 
| 
In. 
| mark 
Retest 
| the re 
twice, 
Workn 
indica 
| 
Finish 
14 
Defect 


A. $: T.M. DEsIGNATION: A 173 - 35 T 


(b) Tension test specimens shall conform to the dimensions shown in 
Fig. 1. | 
4. (c) Bend test specimens shall be machined to 1 by 3 in. in section 
with corners rounded to a radius not over 7g in. 4 
(d) Hardness tests shall be made on the castings when practicable, 
0B otherwise they shall be made on the bend or tension test specimen. 7 
Number of Tests 
¥ 11. (a) Since corrosion resistance or heat resistance is usually of prime 
: importance in this alloy, tension tests shall be required only when stated 
in the inquiry or order. In such cases, one tension test, and when specified, 
one bend test shall be required from each melt. 
(b) The average of three Brinell readings shall be taken as the hardness 
num ber. 
(c) If any test specimen shows defective machining or develops flaws, 
itmay be discarded, in which case another specimen from the same lot 
& shall be substituted. 
Radius not less le.-- — 
Note :- The Gage Length, thang*. | Parallel Section 
ising Paralle/ Section, and iv 
shall Shown, but the Ends 
may be of any Shape : 
to fit the Holders of \..-----2"t 0,005----: 
the Testing Machine  Gagelength 
quiry insuch a Way that for Elongation 
load shall be axial. after Fracture 
being Fic. 1.—Standard 2-in. Gage Length Tension Test Specimen. 
with: (d) If the percentage of elongation of any test specimen is less than 
t specified in Section 7 (a) and any part of the fracture is more than 
n. from the center of the gage length, as indicated by scribe scratches 
ot to irked on the specimen before testing, a retest shall be allowed. 
Retests 
ade to 12. If the results of the physical tests for any lot do not conform to 
terials requirements specified, such lot may be re-treated, but not more than 
“esting ce. Retests shall be made as specified in Sections 7 and 8. 
— The castings shall conform substantially to the shapes and sizes 
nall be Witeied by the patterns and drawings submitted by the purchaser. 
yumber Finish 
casting 14. (a) The castings shall be clean and free from any adhering scale. 
equired fects such as seams and folds, which are other than superficial and which 
der. injurious to the service life of the casting will be sufficient cause for 


jection. 
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Welding 
(b) Defects which do not impair the strength of the casting for the 
purpose intended may be welded (after cleaning out to solid metal) by 
either the electric-arc or the oxyacetylene process. With the electric 
method, a flux-coated rod is to be used, except in the case of the atomic- 
hydrogen process, when a bare metal rod may be satisfactorily employed. 
When the oxyacetylene method is employed, care must be exercised to so 
control the operation that carbon absorption by the weld metal does not 
occur. All castings shall be reheat-treated after welding. __ _ 


Marking 

15. Where practicable, castings shall be permanently marked by cast 
symbols or by stamping in such position as not to injure the usefulness of 
the casting, with the manufacturer’s symbol or name, and also a designation 
to indicate the type or composition of the metal. 


Inspection 

16. (a) The inspector representing the purchaser shall have free entry, 
at all times while work on the contract of the purchaser is being performed, 
to all parts of the manufacturer’s works which concern the manufacture of 
the material ordered. ‘The manufacturer shall afford the inspector, without 
charge, all reasonable facilities to satisfy him that the material is being 
furnished in accordance with these specifications. All tests (except check 
analyses) and inspection shall be made at the place of manufacture prior 
to shipment, unless otherwise specified, and shall be so conducted as not to 
interfere unnecessarily with the operation of the works. 

(b) If, in the case of important castings for special purposes, surface 
inspection in the green state is required, this shall be so specified in the order 


Rejection 
17. (a) Unless otherwise specified, any rejection based on tests made 
in accordance with Section 6 shall be reported within twelve working days 
from the receipt of samples. 
(b) Castings which show injurious defects subsequent to their accept 
ance at the manufacturer’s works will be rejected and the manufacturer 
shall be notified. 


Rehearing 

18. Samples tested in accordance with Section 6, which represent 
rejected castings, shall be preserved for two weeks from the date of trans 
mission of the test report. In case of dissatisfaction with the results of th' 
tests, the manufacturer may make claim for a rehearing within that time. 
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TENTATIVE SPECIFICATIONS 
FOR 


20 PER CENT NICKEL, 9 PER CENT CHROMIUM ALLOY © 


STEEL CASTINGS! 


A.S.T.M. Designation: A 174-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 


Society, 260 S. Broad St., Philadelphia, Pa. ee 


1. These specifications cover alloy-steel castings of the 20 per cent 
nickel, 9 per cent chromium type, for corrosion-resisting and heat-resisting 
service. 

Process 

2. The steel shall be made by the electric-furnace process. _ 

Heat Treatment 

3. (a) All castings shall receive a heat treatment proper to their 
sign. 

(b) Heat treatment, unless otherwise specified by the purchaser, shall 
nsist of a thorough heating of the castings at a temperature not less than 
0 F. (1038 C.), followed by quenching in water or air, depending upon 

character of the castings. Where the sections are too heavy for air 
inching, and water quenching is too drastic, oil quenching may be 
ployed. Intricate castings may require drawing for strain relief, which 
wuld be done thoroughly, at a temperature not in excess of 800 F. (427 C.). 


IssUED, 1935.2 


Scope 


Chemical Composition 


4. The castings shall conform to the following requirements as to 
nical composition : 


Carbon, max., per cent 


Castings intended for heat-resisting applications may have a carbon content of 0.35 per cent, maximum. 


Under the standardization procedure of the Society, these specifications are under the jurisdiction of the 
“4. Committee A-10 on Iron-Chromium, Iron-Chromium-Nickel and Related Alloys. 
Accepted for publication as tentative by Committee E-10 on Standards, August 22, 1935. 
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Ladle Analysis 
5. An analysis of each melt of steel shall be made by the manufacturer 


to determine the percentages of the elements specified in Section 4. This 
analysis shall be made from drillings taken at least { in. beneath the surface 
of a test ingot poured to represent the heat. The chemical composition 
thus determined shall be reported to the purchaser or his representative 
and shall conform to the requirements specified in Section 4. 


Check Analysis 

6. Analysis may be made by the purchaser from drillings taken from 
test bar stubs or from a representative casting for the particular heat 
required, employing the precaution of obtaining drillings at least { in. 
beneath the surface. The chemical composition thus determined shall 
conform to the requirements specified in Section 4. 
Tension Tests 

7. (a) The castings shall conform to the following requirements as to 
tensile properties (see Section 10 (a)): 


(b) The yield point shall be determined by the dividers method, using 
cross-head speed not to exceed }in. permin. The tensile strength shall be 
determined at a speed of head not to exceed 1} in. per min. 


Bend Tests 

8. (a) Bend tests shall be required for castings only when so specified 
in the inquiry and order. 

(b) When a bend test is specified, the test specimen shall stand being 
bent cold through an angle of 120 deg. around a pin 1 in. in diameter without 
cracking on the outside of the bent portion. 


Test Specimens 

9. (a) Tension and bend test specimens, when required, shall be taker 
from test bars cast attached to special blocks, a sufficient number of which 
shall be provided for each heat of castings. In the case of castings fot 
unusual or severe service and where practical, test blocks shall be require 
to be attached to castings, when so stated in the inquiry or order. 

(b) Tension test specimens shall conform to the dimensions shown ! 
Fig. 1. 

(c) Bend test specimens shall be machined to 1 by 3} in. in section 
with the corners rounded to a radius not over 7¢ in. 


Number of Tests 
10. (a) Since corrosion resistance is usually of prime importance ! 
this alloy, tension tests shall be required only when stated in the inquit 
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or order. In such case, one tension test, and when specified, one bend — 
test shall be required rae each melt. 
(b) If any test specimen shows defective machining or develops flaws, 


€ Jit may be discarded, in which case another specimen from the same lot 
On shall be substituted. 
we (c) If the percentage of elongation of any tension specimen is less than 
that specified in Section 7 (a) and any part of the fracture is more than 
‘in. from the center of the gage length, as indicated by scribe scratches : 
om § marked on the specimen before testing, a retest shall be allowed. _ 
eat Retests 
os 11. If the results of the physical tests for any lot do not conform to 
hal the requirements specified, such lot may be re-treated, but not more 
twice. Retests shall be made as specified in Sections 7 and 8. 
SU Radius not less 
Note :- The Gage Length, thang. | Parallel Section | 
Parallel Section, and 
Shown, but the Ends | % | 
may be of any Shape 
using fo fit the Holders of — 2+ 0.005--- I 
all be the Testing Machine "Gage Length 
insuch aWay that the for Elongation - 
load shall be axial. atter Fracture *, § 
Fic. 1.—Standard 2-in. Gage Length Tension Test Specimen. 
-cified 
Workmanship 
being 12. The castings shall conform substantially to the shapes and sizes 
ithout ited by the patterns and drawings submitted by the purchaser. 
Finish 
13. (a) The castings shall be clean and free from any adhering scale. 
taken elects such as seams, folds, pits, etc., which are other than superficial 
which vhich shall be injurious to the siiies life of the casting will be sufficient 
ngs for for rejection. 
, b) Defects which do not impair the strength of the casting for the 
own IP se intended may be welded (after cleaning out to solid metal) by 
7 t the electric-arc or the oxyacetylene process. With the electric 
sect ne od, a flux-coated rod is to be used, except in the case of the atomic- 
‘ogen process, when a bare metal rod may be satisfactorily employed. 
n the oxyacetylene method is employed, care must be exercised to so 
tance " §“ntrol the operation that carbon absorption by the weld metal does not 
inqui! All castings shall be reheat-treated after welding. 
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Marking 

14. Where practicable, castings shall be permanently marked by cast 
symbols or by stamping in such position as not to injure the usefulness of 
the casting, with the manufacturer’s symbol or name, and also a designation 
to indicate the type or composition of the metal. 


Inspection 

15. (a) The inspector representing the purchaser shall have free entry, 
at all times while work on the contract of the purchaser is being performed, 
to all parts of the manufacturer’s works which concern the manufacture of 
the material ordered. The manufacturer shall afford the inspector, without 
charge, all reasonable facilities to satisfy him that the material is being 
furnished in accordance with these specifications. All tests (except check 
analyses) and inspection shall be made at the place of manufacture prior 
to shipment, unless otherwise specified, and shall be so conducted as not to 
interfere unnecessarily with the operation of the works. 

(b) If, in the case of important castings for special purposes, surfac 
inspection in the green state is required, this shall be so specified in the order 
Rejection 

16. (a) Unless otherwise specified, any rejection based on tests made 
in accordance with Section 6 shall be reported within twelve working days 
from the receipt of samples. 

(b) Castings which show injurious defects subsequent to their accept- 
ance at the manufacturer’s works will be rejected and the manufacturer 
shall be notified. 


Rehearing 

17. Samples tested in accordance with Section 6, which represent 
rejected castings, shall be preserved for two weeks from the date of trans- 
mission of the test report. In case of dissatisfaction with the results of the 
tests, the manufacturer may make claim for a rehearing within that time. 
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_ TENTATIVE SPECIFICATIONS 
FOR 

35 PER _ NICKEL, 15 PER CENT CHROMIUM ALLOY 

| STEEL CASTINGS! 


A.S.T.M. Designation: A 175-35 T 


This i is a Tentative Standard and under the Regulations of the Society | is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
ck Society, 260 S. Broad St., Philadelphia, Pa. 

IssuED, 1935.2 
to 


. These specifications cover alloy-steel castings of the 35 per cent 
nickel 15 per cent chromium type (Note). 


Note.—This alloy has been used for applications requiring strength and scale 
resistance at elevated temperatures, and also for corrosion resistance at normal and/or 


high temperatures. 


The steel shall be made by the electric- furnace process. 
pt- Heat Treatment 
rer 3. Unless otherwise specified, heat treatment of the castings shall not 
be required. 
Chemical Composition 
en 4. The castings shall conform to the following requirements as to 
ins- chemical composition : 


14.00 to 17.00 
0.050 
0.050 


Ladle Analysis 

An analysis of each melt of steel shall be made by the manufacturer 
to determine the percentages of the elements specified in Section 4. This 
analysis shall be made from drillings taken at least } in. beneath the surface 
of a test ingot poured to represent the heat. The chemical composition 
thus determined shall be reported to the purchaser or his representative 
if tequested, and shall conform to the requirements specified in Section 4. 


. spuader the standardization procedure of the Society, these specifications are under the jurisdiction of the 
ae A Committee A-10 on Iron- Chrortium, Iron-Chromium-Nickel and Related Alloys. 
ccepted for publication as tentative by Committee E-10 on Standards, August 22, 1935. 
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654 SPECIFICATIONS FOR NICKEL-CHROMIUM STEEL CASTINGS 


Check Analysis 

6. Analysis may be made by the purchaser from drillings taken from 
test bar stubs or from a representative casting for the particular heat 
required, employing the precaution of obtaining drillings at least } in. 
beneath the surface. The chemical composition thus determined shall 
conform to the requirements specified in Section 4. 


Physical Properties 
| 7. (a) The castings shall conform to the following requirements as as to 
tensile properties at room temperature (see Section 11 (a)): 


(b) The yield point shall be determined by the dividers method using 


- 


a crosshead speed not to exceed } in. per min. ‘The tensile strength sha 
mat | be determined at a speed of head not to exceed 1} in. per min. 
Bend Tests 
8. Bend tests shall not be required. 
Hardness Tests 
7 9. (a) The castings shall have a Brinell basdinnes number not to 
exceed 185. 
(b) In making the Brinell hardness tests reference should be made t 


the Standard Methods of Brinell Hardness Testing of Metallic Materials 
) (A.S.T.M. Designation: E 10) of the American Society for ‘Testing 
Materials." 
Test Specimens 
10. (a) Tension test specimens shall be taken from test bars attach 
to separately cast blocks, a sufficient number of which shall be provided 
. for each heat of castings. In case of castings of unusual or severe servic 
and where practical, test bars shall be required to be attached to the cast 
ings, when so stated in the inquiry or order. 
(b) Tension test specimens shall conform to the dimensions shown ! 
Fig. 1 
(c) Hardness tests shall be made on the castings when practicabl 
otherwise they shall be made on the bend or tension test specimen. 


Number of Tests 
11. (a) Since heat-resistance is usually of prime importance in t 
alloy, tension tests shall be required only when stated in the inquiry 
order. In such cases, one tension test shall be required from each melt 
(b) The average of three Brinell readings shall be taken as the hardr 
number. 


1 1933 Book of A.S.T.M. Standards, Part I, p. 942. _ 
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AS.T.M. Desicnation: A 175-35 T 

(c) Tf any test specimen shows defective machining or develops flaws, 
it may be discarded, in which case another specimen from the same lot 
shall be substituted. 


The castings shall conform —* ms to the shapes and sizes 
weal by the patterns and drawings submitted by the purchaser. 


Finish 

13. (a) The castings shall be clean and free from any adhering scale. 
Defects, such as seams, folds, etc., which are other than superficial and 
which are injurious to the service life of the casting, will be sufficient cause 
for rejection. 
Welding 

(b) Defects which do not impair the strength of the casting for the 
purpose intended may be welded (after cleaning out to solid metal) by 


Parallel Section 


Radius not less — - 


Note:-TheGagelength, than 

Parallel Section, and 4 - 

Fillets shall beas ._} 3"+ 90)" 
Shown, but the Ends | 

may be ofany Shape ; 

to tit the Holders of |..-----2t 

the Testing Machine _* Gage Length 
instch a Way that the for Elongation 

load shall be axial. after Fracture oa 


Fic, 1.—Standard 2-in. Gage Length Tension Test Specimen. 


either the electric-arc or the oxyacetylene process. With the electric 
method, a flux-coated rod is to be used, except in the case of the atomic- 
hydrogen process, when a bare metal rod may be satisfactorily employed. 
When the oxyacetylene method is employed, care must be exercised to so 
control the operation that carbon absorption by the weld metal does not 
occur. All castings shall be reheat-treated after welding. 
Marking 7 

14. Where practicable, castings shall be perm: unently marked by cast 
‘ymbols or by stamping in such position as not to injure the usefulness of 
the casting, with the manufacturer’s symbol or name, and also a designation 
to indicate the type or composition of the metal. 


Inspection 


15. (a) The inspector representing the purchaser shall have free entry, 
tall times while work on the contract of the purchaser is being performed, 
to all parts of the manufacturer’s works which concern the manufacture of 
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656 SPECIFICATIONS FOR NICKEL-CHROMIUM STEEL CASTINGS 


the material ordered. The manufacturer shall afford the inspector, without 
charge, all reasonable facilities to satisfy him that the material is being 
furnished in accordance with these specifications. All tests (except check 
analyses) and inspection shall be made at the place of manufacture prior 
to shipment, unless otherwise specified, and shall be so conducted as not to 
interfere unnecessarily with the operation of the works. 

(b) If, in the case of important castings for special purposes, surface 
inspection in the green state is required, this shall be so specified in the order. 


Rejection 

16. (a) Unless otherwise specified, any rejection based on tests made 
in accordance with Section 6 shall be reported within twelve working days 
from the receipt of samples. 

(b) Castings which show injurious defects subsequent to their accept- 
ance at the manufacturer’s works will be rejected and the manufacturer 


Rehearing 


17. Samples tested in accordance with Section 6, which represent 
rejected castings, shall be preserved for two weeks from the date of trans 
mission of the test report. In case of dissatisfaction with the results of the 
tests, the manufacturer may make claim for a rehearing within that time. 
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TENTATIVE SPECIFICATIONS 
FOR 
CORROSION-RESISTING CHROMIUM STEELS (SHEET, STRIP 
AND PLATE)! 


A.S.T.M. Designation: A 176-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1935.? 
Scope 
1. These specifications cover soft corrosion-resisting chromium steel 
sheet, strip and plate. The terms sheet, strip and plate as used in these 
specifications apply to the following: 
Sheet includes products less than 3% in. in thickness and 24 in. and 
over in width. 


Strip includes both hot-rolled and cold-rolled strip as follows: oe 


Cold-Rolled Strip includes material under 24 in. in width. 
Hot-Rolled Strip includes material 0.175 in. and less in thickness, 
and under 24 in. in width. 


Plate includes material ;°; in. and over in thickness. © ae 
Process 


2. The steel shall be made by the following processes: electric-arc, 


électric-induction, or other approved processes. 
» 
Discard 


3. A sufficient discard shall be made from each ingot to insure freedom 


'rom injurious piping and undue segregation. 
Chemical Composition 7 


4. The steel shall conform to the following requirements as to chemical 
omposition: 
raster the standardization procedure of the Society, these specifications are under the jurisdiction of the 


Committee A-10 on Iron Chromium, Iron-Chromium- Nickel and Related Alloys. 
ccepted for publication as tentative by Committee E-10 on Standards, August 22, 1935. 
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658 SPECIFICATIONS FOR CHROMIUM STEEL SHEET, STRIP, PLATE 


Carbon,| Man- | Sulfur, | Phos- | Silicon, | Chromium, | Nickel, 
Type max., | ganese,| max., | phorus, | max., per cent max., 
percent| max., | percent| max., | percent per cent 
per cent per cent 


0.12 0.60 0.030 | 0.030} 0.75 | 11.50to13.00| 0.69 
0.12 0.60 0.030 | 0.030 |} 0.75 | 12.00t0 14.00! 0 
0.12 0.60 0.030 | 0.030 | 0.75 | 14.00to16.00| 0.60 
0.12 0.50 0.030 0.030 0.75 | 16.00to18.00| 0.60 
0.35 0.50 0.030 0.030 0.75 |18.00to 23.00) 0.60 
0.35 0.50 0.030 | 0.030 | 0.75 | 23.00t030.00) 0.60 
To provide for special properties, variations in chemical composition from 


that shown in Grades | to 6, inclusive, will be permitted. 


Ladle Analysis 

5. An analysis of each melt of steel shall be made by the manufacturer 
to determine the percentages of the elements specified in Section 4. The 
analysis shall be made from drillings taken at least } in. beneath the surface 
of a test ingot made during the pouring of the melt. The chemical compos- 
tion thus determined shall be reported to the purchaser or his representative, 
and shall conform to the requirements specified in Section 4. 


Analysis 

. If check analysis is specified by the purchaser, it shall be made from 
acillings or millings as taken from the finished material or from a broken 
test specimen. ‘The chemical composition thus determined shall conform 
to the requirements specified in Section 4. 


Physical Properties 


7. (a) When specified by the purchaser, the material shall conform to 
the following requirements as to physical properties: 


Tensile Yield Elongation : ardness, : 
Strength, Point, in 2 in., Pe wool B Seal Cold Be 
min., min., min., — deg 
Ib. persq.in.| lb. persq.in.| per cent 100-kg. load, 
z-in. ball) 
70 000 35 000 25.02 202 88 1 
70 000 35 000 25.02 202 88 1 
70 000 35 000 25 .0¢ 202 88 1 
70 000 35 000 22.02 202 88 1 
75 000 40 000 20.0 202 95 180 
75 000 40 000 20 0 217 95 135 
Dependent upon the chemical composition specified and to be as mutually agt 
upon between the purchaser and the manufacturer. 


@ Material 0.050 in. and under in thickness (U. S. Standard No. 18 gage and under) shall have a minimum elongation d 
= 0 Pas cent. 
Section 8. 


(b) The yield point shall be determined by the dividers method. 


Bend Tests 
8. (a) The bend test specimens shall stand being bent cold through the 
required angle without cracking on the outside of the bent portion. 
(b) Material up to and including ? in. in thickness shall be bent around 
a pin the diameter of which is — to the thickness of the material. 
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AS.T.M. DESIGNATION: A 176-35 T 


(c) Plates over ¢ in. in thickness shall be bent around a pin the diam- 
eter of which is equal to twice the thickness of the material. 
(d) Axis of the bends shall be parallel to the direction of rolling. 


Test Specimens 

9. (a) Tension test specimens shall be taken from finished material 
and shall be in the longitudinal direction. The tension specimens shall be 
of the full thickness of the material and shall conform to the dimensions 
shown in Fig. 1, except for plates ¢ in. and over in thickness, in which case 


: age Leng H 
| | | 
ati —— - —— - —- — —- —. —- —- —- 4 
't = Thickness of Material 


Note : Gradual Taper from Ends of Reduced Section to Middle, 
All Machining Dimensions are Shown below and Testing Dimensions above Specimen, 


The ends shall be symmetrical within 0.01 in. 


Fic. 1.—Standard Tension Test Specimen for Sheet and Strip Metals. 


Radius not less 
Note:-TheGageLength, than Parallel Section ad 
Section, and | 

Shown, but the Ends i 
may be ofany Shape 
to fit the Holders of kc-----20,005---1 
the Testing Machine "Gage length 
insuchaWay that the for Elongation ; 
load shall be axial after Fracture 


Fic. 2.—Standard 2-in. Gage Length Tension Test Specimen. 


the test specimens shall be machined to the form and dimensions shown 
in Fig. 2, 
(6) Bend test specimens from sheet and strip less than 3’ in. in thick- 
ness shall be the full thickness and shall have a width equal to six times the 
thickness but not less than 1 in. ‘The length shall be equal to the width of 
the sheet or strip, but in no case longer than 12 in. ‘The edges of the test 
specimens may be rounded to a radius equal to one-half the thickness. 
(c) Bend test specimens taken from plates shall be of the full thickness 

of the material up to and including } in. in thickness, of a suitable length, 
and between 1 and 2 in. in width. ‘The sheared edges shall be removed to 
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660 SPECIFICATIONS FOR CHROMIUM STEEL SHEET, STRIP, PLATE 


a depth of at least 4 in. and the sides shall be smoothed with a file. The 
corners of the cross-section of the specimen may be broken with a smooth 
file, but no appreciable rounding of corners will be permitted. In the case 
of plates over } in. in thickness, machined specimens as described in Para- 
graph (d) shall be used. 

(d) Machined bend test specimens shall be 1 by } in. in cross-section 
and at least 6 in. in length. The edges may be rounded to a ;’g-in. radius. 
When permitted by agreement between the purchaser and the manufac- 
turer, the cross-section may be modified to }-in. square. The center of 
the cross-section of the test specimen shall be half way between the center 
and outer surface of the plate, unless otherwise specified. 

(e) Hardness tests may be made on the ends of the tension specimens, 
as far as possible from the gage length, before they are subjected to the 
tension test. 


Number of Tests 

10. Two tension tests, two hardness tests, and one bend test shall be 
made on each lot of material, a lot consisting of 100 or less each of sheets, 
strips or plates, and in no case less than 1000 lb. from the same melt of 
steel and the same specified thickness. 
Special Tests 
11. If any special tests are required which are thought to be pertinent 
to the intended application of the material ordered, they shall be as agreed 
upon between the purchaser and the manufacturer or as specified in the 
purchase order. 


Physical Tests 

12. In making physical tests reference should be made to the following 
methods of test of the American Society for Testing Materials: 

(a) Tension Tests—Standard Methods of Tension Testing of Metallic 
Materials (A.S.T.M. Designation: E 8).' 

(b) Brinell Hardness.—Standard Methods of Brinell Hardness Testing 
of Metallic Materials (A.S.T.M. Designation: E 10).? 

(c) Rockwell Hardness.—Tentative Methods of Rockwell Hardness 
Testing of Metallic Materials (A.S.T.M. Designation: E 18 - 33 T).’ 
Designation of Finish for Sheets 

13. The various types of finish procurable on sheet products shall 
as follows: 


No. 1 Finish.—Hot rolled, annealed and pickled. 
No. 2D Finish.—Full finish (Dull). 
No. 2B Finish.—F ull finish (Bright cold rolled). 


11933 Book of A.S.T.M. Standards, Part I, p. 949. 

2 [bid., p. 942. 

_ 4 Proceedings, Am. Soc. Testing Mats., Vol. 33, Part I, p. 967 (1933); also 1935 Book of A.S.T.M. 1 
tive Standards, p. 1377. 
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he No. 4 Finish.—Standard polish, one or both sides. 
ith No. 6 Finish.—Standard polish, Tampico brushed, one or both sides. 
? 
ra- TABLE I.—DIMENSIONAL AND WEIGHT TOLERANCES OF STANDARD SHEET. 
No. 1 and No. 2 Finishes. 
Weight Tolerances Only to Apply on Polished Finishes. 
ion TaickNess TOLERANCES 
lus. Ordered Thickness, in. Tolerance, 
face Plus or Minus, in. 
be anp Lenoata ToLerances® 
ects, 
It of Tolerance 
Width 
Plus Minus 
sreed 
1 the Length 
rin 
Weicat ToLeraNnces 
The actual weight of any one item of an ordered thickness and size in any finish is limited in overweight by the following 
rances: 
stallic 
Tolerance 
Actual Weight Over 
esting the Estimated Weight® 
item of 5 sheets or less, or any item estimated to weigh 200 Ib. orless..................00e- 10 per cent 
rdness y item of more than 5 sheets, and estimated to weigh more than 200 Ib...................0e- 74 per cent 
There 1s no under tolerance in weight for No. 1 and No. 2 finishes, these finishes being limited in under tolerance only b; 
ermissible variations in thickness. Polished sheets may actually weigh as much as 5 per cent less than the estimated weight. 
1] " , ts 0.131 in. and over in thickness, regardless of size, may have permissible variations of +4 in. in width and in length, 
all ectively, 
1a _ For determining estimated weight the following factor shall be used: ; 
aight chromium stainless steel sheets.............+.+ssccccecccecececceecececccs 41.2 lb. per sq. ft. per inch thickness 


No. 7 Finish.—High lustre finish. 


No. 8 Finish.—Mirror finish. _ 
planation of Finish: 


No. 1. For parts which require no further finishing—for oxidation or scale resistance. 
No. 2D. Similar to No. 1, except slightly better finish due to cold rolling. For deep- 


“fawn articles which are polished subsequent to fabrication. a 
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No. 2B. Slightly harder temper than No. 1 and No. 2D, hence should not be used 
for exceptionally difficult deep-drawing work. ‘This finish lends itself better to polishing 
than No. 1 or No. 2D. 

No. 4. For use where a polished finish is demanded. It is used for such equipment 
as dairy and ice cream tanks, soda fountains, meat packing and food equipment, archi- 
tectural and building construction, etc. 

No. 6. Tampico brushing of the No. 4 finish results in a satin finish with lower re- 
flectivity than No. 4 finish. For building construction and ornamentation where a brighter 
finish is undesirable—for use in conjunction with bright finish No. 4, No. 7 and No. 8 as 
contrasts. 

No. 7. The buffing of No. 4 finish results in a sheet with a high degree of lustre, but in 
which all the grit lines are not removed. It is used for trim for cabinets—for a contrast 
with other finishes. 


TABLE II.—THICKNESS TOLERANCES OF COLD-ROLLED STRIP. _ 


Thickness tolerances are based on measurements taken 2 in. in from the edge on cold-rolled strip 1 in. or over in width, 
and at any place on the strip on material less than 1 in. in widtb. 
Tolerances given are in inches and all are plus or minus. 


Width 
Ordered Thickness, in. Under | Under | Under | Under Over Over Over Over 
} to 1to | 1}to | 3to 3 to 6 to 9to | 12to | 16to | to 
Fein. | Zin, | lin, | 1}in, | Gin, | Gin, | 12in., | 16in., | |23}¢in, 
incl. incl. incl. incl. incl. incl. incl. incl. incl. incl. 
0.249 to 0.161, incl 0.003 0.003 0.004 0.004 0.004 0.005 0.006 | 0.006 
0.160 to 0.100, incl 0.002 0.002 0.003 0.004 0.004 0.004 0.005 | 0.005 
0.099 to 0.069, incl 0.002 0.002 0.003 0.003 0.003 0.004 0.004 | 0.004 
0.068 to 0.050, incl 0.002 | 0.002 | 0.003 | 0.003 0.003 0.003 0.004 | 0.004 
0.049 to 0.040, incl 0.002 0.002 0.0025 | 0.003 0.003 0.003 0.004 | 0.004 
0.039 to 0.035, inc 0.002 0.002 0.0025 | 0.003 0.003 0.003 0.003 | 0.003 
0.034 to 0.032, incl. 0.0015 | 0.0015 | 0.002 0.0025 | 0.0025 | 0.0025 | 0.003 | 0.003 
0.031 to 0.029, incl 0.0015 | 0.0015 | 0.002 0.0025 | 0.0025 | 0.0025 | 0.003 | 0.003 
0.028 to 0.026, incl 0.0015 | 0.0015 | 0.0015 | 0.002 0.002 0.002 0.0025 | 0.003 
0.025 to 0.023, incl 0.001 0.001 0.0015 | 0.002 0.002 0.002 0.0025 | 0.0025 
0.022 to 0.020, incl. 0.001 0.001 0.0015 | 0.002 0.002 0.002 0.0025 | 0.0025 
0.019 to 0.017, incl. 0.001 0.001 0.001 0.0015 | 0.0015 | 0.002 0.002 | 0.002 
0.016 to 0.015, incl... 0.001 0.001 0.001 0.0015 | 0.0015 | 0.0015 | 0.002 | 0.002 
0.014 to 0.013, incl y : 0.001 0.001 0.001 0.0015 | 0.0015 | 0.0015 | 0.002 | 0.002 
CRP , ‘ 0.001 0.001 0.001 0.001 0.0015 | 0.0015 | 0.0015 | 0 0015 
0.001 0.001 0.001 0.001 0.001 0.0015 | 0.0015 | 0.0015 
| EES 0.001 0.001 0.001 0.001 0.001 0.001 0.0015 | 0.0015 


No. 8. The highest degree of polish commercially available. Grit lines and scratches 
have been removed. ‘This finish is suitable for press plates as used in the laminated paper 
and fibrous products industry—for mirrors and reflectors. __ alta atte 


Designation of Finish for Strip 
14. The various types of finish procurable on strip products shall bé 
as follows: 
(a) Cold-Rolled Strip: 
No. 1 Finish.—Annealed and pickled. 
No. 2 Finish.—Annealed, pickled and rerolled. 
No. 3 Finish—Annealed, pickled, mechanically cleaned or buffed 
without the use of abrasives. 
(b) Hot-Rolled Strip: 
No. 1 Finish.—Hot rolled, annealed and pickled. 
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A.S.T.M. DEsIGNATION: A 176-35 T 
Explanation of Finish: 
No. 1. For parts requiring maximum amount of deep drawing, for oxidation resistance. 
No. 2. Slightly harder temper than No. 1 or No. 3, finish due to extra cold rolling. 
Very good surface. 
No. 3. For parts requiring medium amount of deep drawing, for rolling and molding 
operations. This strip has a bright surface and requires very little polishing to finish. _ 


Designation of Finish for Plates 
15. The various types of finish procurable on plates shall be as follows: 
No. 1 Finish.—Hot rolled, annealed and either pickled or sand blasted 

and pickled. 
No. 4 Finish—Standard polish (limitation on width). 


Sheet Tolerances 


16. The material referred to as sheet shall conform to the dimensional 
and weight tolerances indicated in Table I. 


Strip Tolerances 


17. (a) Cold-Rolled Strip—The material referred to as cold-rolled 

strip shall conform to the dimensional tolerances indicated in Tables II 
and IIT. 

(b) Hot-Rolled Sirip.—The material referred to as hot-rolled strip shall 


conform to the dimensional tolerances indicated in Table IV. a _ 


Plate Tolerances 
18. The material referred to as plate shall conform to the thickness 


and weight tolerances indicated in Table V. _ ———ae 
Finish 


19. The material shall be free from injurious defects, shall have a 
workmanlike appearance, and shall correspond to the designated finish as 
indicated in Sections 13, 14 and 15. 


Inspection 
20. The inspector representing the purchaser shall have free entry, at 
ll times while work on the contract of the purchaser is being performed, 
to all parts of the manufacturer’s works which concern the manufacture of 
the material ordered. ‘The manufacturer shall afford the inspector, with- 
it charge, all reasonable facilities to satisfy him that the material is being 
lurnished in accordance with these specifications except when an agreement 
las previously been made between the manufacturer and purchaser regard- 
ing the cost of such tests. All tests (except check analyses) and inspection 
shall be made at the place of manufacture prior to shipment, unless other- 
"se specified, and shall be so conducted as not to interfere unnecessarily 
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TABLE III.—DIMENSIONAL TOLERANCES OF COLD-ROLLED STRIP. 


Touerances, Nos. 1, 5, anp 6 


Edge Edge Description Width, in. Thickness, in. Tolerance in Width, 
plus or minus, in. 
Round er square} | or under. . or under........... 0005 
edge, relied Over to 4, incl..... or under........... 0 005 
Or under........... or under........... 0.005 
Over a's to incl..... apy or under........... 0.005 
+ Square rolled or filed } | Over { to 5, incl....... & or under............ 0.005 
after slitting..... Over 5 to 9, incl....... to 0.008, incl........ 0.010 
Over 9 to 20, incl...... 0.105 to 0.015......... 0.010 
Over 20 to 237%, incl . .| 0.080 to 0.023...... net 0.015 
4 or under............ or under........ 0 010 
Over } to 4%, inel..... to 0.025, incl....... 
No. 6 Square edge, rolled. . Over 4% to 2, inel...... } to 0.025, incl........ ts 
Over 2 to 6, incl....... to 0.025, incl........ 
LenotH ToLERANCES 
Length, ft. Tolerance, in. 
+3 
Over 20 00 90, +3 
+4 
ToLerances* 
Widths 
pe 
Thickness, in. 
Up Over Over. Over 
to 2 in. 2 to 6 in. 6 to 12in. | 12 to 24in, 
excl. 
0.051 to 0.083...... 0.010 0.012 0.015 0.020 
0.012 0.015 0.018 0.020 


Up to and including 1} in. in width 
Over 1} to 24 in. excl., in width 


3 in. in any 8-ft 
in. in any 8-ft 


@ Width tolerances shown are plus or minus. If variation is desired all one way, double the figure indicated. 
> Camber shall be determined by placing an 8-ft. straight edge against the concave side of the strip. 


Wer § 
Wer 
Wer 26 
Over 36 
Over 
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TuickNess TOLERANCES 


: 
A.S.T.M. DESIGNATION: A 176-35 T 


TABLE IV.—DIMENSIONAL TOLERANCES OF HOT-ROLLED STRIP. 


Width 
Thickness 
5 in. and Under Over 5 to 10 in., incl. | Over 10 to 15 in., incl. | Over 15 to 233% in., 
No. 23 to No. 18, inel........ +0.003 in. —0.003 in.|+0.004 in. —0.004 in.) 
No. 17 to No. 11, inel........ +0.004 in. —0.004 in.|-+0.005 in. —0.005 in.|+0.006 in. —0.006 in.|+-0.007 in. —0.007 in. 
No. 10 to 0.187 in., inel...... +0.005 in. —0.005 in.|+0.006 in. —0.006 in.|+0.007 in. —0.007 in.|+0.008 in. —0.008 in. 
0.188 to 0.249 in., inel....... +0.006 in. —0.006 in.|+0.007 in. —0.007 in.|+0.008 in. —0.008 in.|4-0.009 in. —0.009 in. 


Thickness measurement shal! be taken 3 in. from edge of strip. 

Tolerance for thickness at center measurement shall be that for the edge measurement plus: 
0.001 in. for widths 3 to 1} in. 
0.002 in. for widths 14 to 2} in. 7 
0.003 in. for widths 23 to 5 in. 
0.004 in. for widths 5 to 10 in. 
0.005 in. for widths 10 to 15 in. 
0.006 in. for widths 15 to 23}% in. 


ToLeraNnces 


Tolerance, in. 


Minus 


LenctH TOLERANCES 
Up to 3 in. in Width Over 3 Upto 6in. in Width Over 6 in. in Width 
Length of Strip, ft. 
Plus Minus Plus Minus Plus Minus 
3 in. 0 2 in. 0 in. 0 
in. 0 in. 0 1 in. 0 
in. 0 0 1} in. 0 
ver 30 to 40, 1 in. 0 1 in. 0 1} in. 0 
i iteistenicus 1} in. 0 1} in. 0 1} in. 0 


Camper TOLERANCE 


Strip shall be as straight as practicable and not more than } in. out of line in any 8 ft. of length, with camber measurement 


‘aken on the concave edge. 


| | 
# 
—— | 
Plus 
2 | 
| 
Over | 
to 24 in, 
excl. | 
he 
0.015 | 
0.020 | 
8-ft. 
-ft. lengt® 
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Rejection 

21. (a) Unless otherwise specified, any rejection based on tests in 
accordance with these specifications shall be reported within 10 days from 
date of test. 

(b) Material which shows injurious defects subsequent to its accept- 
ance at the manufacturer’s works shall be rejected and the manufacturer 
shall be notified. 


TABLE V.—STANDARD ROLLING TOLERANCES OF PLATES. 


Taickness TOLERANCES* 


All plates must be ordered to thickness and not to weight per square foot. No plates shall vary more than 0.01 in. under 
the thickness ordered, and the overweight of each lot? in each shipment shafl not exceed the amount given in the table below. 


Weicut ToLerances® 


Permissible Excess in Average Weight per Square Foot of Plates for Widths 
Given, Expressed in Percentage of Nominal Weight 


Ordered thickness, in. 48in., | 60in., | 72in., | 84in., | 96in., | 108 in., | 120 in., | 132 in, 

Under | inel., incl., inel., incl., incl., incl., incl., incl., 

48 in. to to to to to to to to 
60 in., | 72in., | 84in., | 96in 108 in., | 120 in., | 132 in., | 144 in, 

excl, excl excl excl excl excl exc! excl. 

ys. incl. to 4, excl................ 10.5 | 12 13.5 | 15 18 
A inel., to x, excl...............- 9 10.5 | 12 13.5 | 15 18 21 24 285 
Px. incl. to #,exel................ 7.5 9 10.5 | 12 13.5 | 15 18 21 25.5 
Z, inel., to 7g, exel............2..- 7 7.5 9 10.5 | 12 13.5 | 15 18 22 5 
6 7 7.5 9 10.5 | 12 13.5 | 15 19.5 
eee) Yee 5.5 6 7 7.5 9 10.5 12 13.5 | 16.5 
4.5 5.5 6 7 7.5 9 10.5 12 13.5 

ON, Ea neee 4 4.5 5.5 6 7 7.5 9 10.5 | 12 

TT Or: 4 4 4.5 5.5 6 7 7.5 9 10.5 


@ Spot grinding is permitted to remove surface imperfections not to exceed 0.01 in. under the specified thickness. 

6 The term “lot” means all of the plates of each group width and each group thickness. 

€ The weight of individual plates shall not exceed the nominal weight by more than one and one-third times the amount 
given in the above table. 


Rehearing 

22. Samples tested in accordance with these specifications, which 
represent rejected material, shall be preserved three weeks from date of 
the test report. In case of dissatisfaction with the results of the tests, the 
manufacturer may make claim for a rehearing within that time. 
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steel sheet, strip and plate. The terms sheet, strip and plate as used in | 


TENTATIVE SPECIFICATIONS 
FOR 
CORROSION-RESISTING CHROMIUM-NICKEL STEELS 
(SHEET, STRIP AND PLATE)! _ 


A.S.T.M. Designation: A 167 — 35 T 


This is a Tentative Standard and under the‘Regulations of the Society is subject to . 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1935. 
Scope 
1. These specifications cover soft corrosion-resisting chromium-nickel _ 


these specifications apply to the following: 
Sheet includes products less than 3%; in. in thickness and 24 in. and 


over in width. 
Strip includes both hot-rolled and cold-rolled strip as follows: a 
bh Cold-Rolled Strip includes material under 24 in. in width. 


Hot-Rolled Strip includes material 0.175 in. and less in thickness 
and under 24 in. in width. 
Plate includes material 33; in. and over in thickness. 


MANUFACTURE 
Process 


2. The steel shall be made by the following processes: electric-arc, | 
électric-induction, or other approved processes. 


Discard 
_ 3. A sufficient discard shall be made from each ingot to insure freedom ; 
irom injurious piping and undue segregation. 


CHEMICAL PROPERTIES AND TESTS 


Chemical Composition 

4. The steel shall conform to the following requirements as to chemical 
composition : 


' hes the standardization procedure of the Society, these specifications are under the jurisdiction of 
-3.T.M, Committee A-10 on Iron-Chromium, Iron-Chromium-Nickel and Related Aloys. 
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Man- | Phos- | Sulfur, | Silicon, | Chro- | Nickel, 


Type No. Carbon, | ganese, | phorus,| max., | max., | mium, | min, 

per cent max., | max., | percent] percent| min., | percent 
per cent | per cent per cent 

0.08 to0.20} 0.60 0.035 | 0.030 | 0.75 17.0 7.0 

. : 0.60 0.035 | 0.030 | 0.75 17.0 7.0 

0.08 to0.20} 0.60 0.035 | 0.030 | 0.75 18.0 8.0 

0.60 0.035 | 0.030 | 0.75 18.0 8.0 

0.60 0.035 0.030 0.75 17.0 7.0 

1.50 0.035 0.030 0.75 17.0 7.0 

1.50 0.035 | 0.030 2.00 23.0 11.0 

1.50 0.035 | 0.030 | 2.00 23.0 17.0 


* Grade 5 shall have a minimum Titanum content of four times the carbon content. 
’ Grade 6 shall have a Molybdenum content of 2.00 to 4.00 per cent. 


Ladle Analysis 
5. An analysis of each melt of steel shall be made by the manufacturer 
to determine the percentages of the elements specified in Section 4. The 
analysis shall be made from drillings taken at least } in. beneath the surface 
of a test ingot taken during the pouring of the melt. The chemical com- 
position thus determined shall be reported to the purchaser or his rep- 
resentative, and shall conform to the requirements specified in Section 4. 


Check Analysis 

6. If check analysis is specified by the purchaser, it shall be made from 
drillings or millings as taken from the finished material or from a broken 
test specimen. The chemical composition thus determined shall conform 
to the requirements specified in Section 4. 


_ PHYSICAL PROPERTIES AND TESTS 


7. (a) When specified by the purchaser, the material shall conform to 
the following requirements as to physical properties: 


Hardness 
Tensile Yield Elongation 
Strength, Point in 2 in., Rockwell Cold B 
min., min., min., Brinell, 100-kg. load, deg 
Ib. persq.in.| lb. persq.in.| per cent max. J.-in. ball), 
max. 
80 000 30 000 40.0 202 88 18 
80 000 30 000 40.0 202 88 18 
80 000 30 000 40.0 202 88 18 
80 000 30 000 40.0 202 88 18 
80 000 35 000 40.0 202 88 180 
85 000 40 000 40.0 217 95 18 
90 000 40 000 40.0 217 95 180 
90 000 40 000 40.0 217 95 180 


@ See Section 8. 


(b) The yield point shall be determined by the dividers method. 


‘Bend Tests 
8. (a) The bend test specimens shall stand being bent cold through the 
required angle without cracking on the outside of the bent portion. 
(b) Material up to and including ? in. in thickness shall be bent around 
a pin the diameter of which is equal to the thickness of the material. 
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(c) Plates 2 in. and over in thickness shall be bent around a pin the 
diameter of which is equal to twice the thickness of the material. 

(d) Axis of the bends shall be parallel to the direction of rolling. _ 
Test Specimens 


9. (a) Tension test specimens shall be taken from finished material and 
shall be in the longitudinal direction. The tension specimens shall be of 
the full thickness of the material and shall conform to the dimensions shown 


Mage | Wage 
le- 23 Min. inGrips ---><------- 34 Min. between Grips Min.in Grips 
| Gagelength 


| bocce | 


| 
| Reduced Section “Radius 05"to 3" 

‘t =Thickness of Materia] 


Note : Gradual Taper from Ends of Reduced Section to Middle, 
All Machining Dimensions are Shown helow and Testing Dimensions above Specimers. 


The ends shall be symmetrical within 0.01 in. 
Fic. 1.—Standard Tension Test Specimen for Sheet and Strip Metals. 


Radius not less | 
yu 
Note :-The Gage l ength, hi hang ms, | Parallel Section 


w+ 0003" to 0.005" 
| 


Paralle/ Section, and 

Fillets shall beas = 

may be of any Shape 

to tit the Holdersof ------2"t 0.00 


the Testing Machine a Gage Length 
in such a Way that the for Elongation 
load shall be axial atter Fracture 
Fic. 2.-Standard 2-in. Gage Length Tension Test Specimen. 


in Fig. 1, except for plates 2 in. and over in thickness, in which case the test 
specimens shall be machined to the form and dimensions shown in Fig. 2. 
(b) Bend test specimens from sheet and strip less than 3%; in. in thick- 
ness shall be the full thickness and shall have a width equal to six times the 
thickness but not less than 1 in. The length shall be equal to the width of 
the sheet or strip, but in no case longer than 12 in. The edges of the test 


: a specimens may be rounded to a radius equal to one-half the thickness. 


(c) Bend test specimens taken from plates shall be of the full thickness 
of the material up to and including } in. in thickness, of a suitable length, 
and between 1 and 2 in. in width. ‘The sheared edges shall be removed to a 
depth of at least 1 in. and the sides shall be smoothed with a file. The 
Corners of the cross-section of the specimen may be broken with a smooth — 
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file, but no appreciable rounding of corners will be permitted. In the case 
of plates over } in. in thickness, machined specimens as described in Para- 
graph (d) shall be used. 

(d) Machined bend test specimens shall be 1 by 3 in. in cross-section 
and at least 6 in. in length. The edges may be rounded to a 7¢-in. radius. 
When permitted by agreement between the purchaser and the manufacturer, 
the cross-section may be modified to }-in. square. The center of the 
cross-section of the test specimen shall be half way between the center and 
outer surface of the plate, unless otherwise specified. 

(e) Hardness tests may be made on the ends of the tension specimens, 
as far as possible from the gage length, before they are subjected to the 
tension test. 

Number of Tests 

10. Two tension tests, two hardness tests and one bend test shall be 
taken from each lot of material, a lot consisting of 100 or less each of sheets, = 
strips or plates, and in no case less than 1000 Ib. from the same melt of Me 
steel and the same specified thickness. t 
Special Tests 

11. If any special tests are required which are thought to be pertinent = 
to the intended application of the material ordered, they shall be as agreed 
upon between the purchaser and the manufacturer. 

Physical Tests 

12. In making physical tests reference should be made to the following 
methods of test of the American Society for Testing Materials: 

(a) Tension Tests—Standard Methods of Tension Testing of Metallic 

Materials (A.S.T.M. Designation: E 8).! | 
(b) Brinell Hardness.—Standard Methods of Brinell Hardness Testing 
of Metallic Materials (A.S.T.M. Designation: E 10).? tle 
(c) Rockwell Hardness.—Tentative Methods of Rockwell Hardness 
Testing of Metallic Materials (A.S.T.M. Designation: E 18 - 33 T).' 


670 SPECIFICATIONS FOR CHROMIUM-NICKEL STEELS 


FINISH Any 

Designation of Finish for Sheets Any 
13. The various types of finish procurable on sheet products shall be — 

as follows: the p 


No. 1. Hot rolled, annealed and pickled. ce 
No. 2D. Full finish (Dull). 
No. 2B. Full finish (Bright cold rolled). 


No. 4. Standard polish, one or both sides. _ sé 
No. 6. Standard polish, Tampico brushed, one or both sides. tect 
No. 7. High lustre finish. | flect 
8. Mirror finish. 


also 1935 Book of A.S.T.M.T 


3 Book c p. 949. 

tive Standards, p. 1377. With 


ill be 


Tenta- 


Explanation of Finish: 

No. 1. For parts which require no further finishing—for oxidation or scale resistance. 

No. 2D. Similar to No. 1, except slightly better finish due to cold rolling. For deep- 
drawn articles which are polished subsequent to fabrication. 

No. 2B. Slightly harder temper than No. 1 and No. 2D, hence should not be used 


for exceptionally difficult deep-drawing work. This finish lends itself better to polishing 
than No. 1 or No. 2D. 


TABLE I.—DIMENSIONAL AND WEIGHT TOLERANCES OF STANDARD SHEET. 


No. 1 and No. 2 Finishes. 
Weight Tolerances Only to Apply on Polished Finishes. 


TuickNness TOLERANCES 
Ordered Thickness, in. Tolerance, 
Plus or Minus, in. 


Tolerance 
Width 
Plus Minus 

Length 


Weicut ToLerances 


,; The actual weight of any one item of an ordered thickness and size in any finish is limited in overweight by the following 
tolerances: 


Tolerance 
Actual Weight Over 
the Estimated Weight® 


Any item of 5 sheets or less, or any item estimated to weigh 200 Ib. or less...............2--0+0e: 10 per cent 


Any item of more than 5 sheets, and estimated to weigh more than 200 Ib................0ee00e- 74 per cent 


There is no under tolerance in weight for No. 1 and No. 2 finishes, these finishes being limited in under tolerance only by 
he permissible variations in thickness. Polished sheets may actually weigh as much as 5 per cent less than the estimated weight. 


: . ree 0.131 in. and over in thickness, regardless of size, may have permissible variations of +} in. in width and in length, 
respectively, 

Ch * For determining estimated weight the following factor shall be used: . ; 
42.0 lb. per sq. ft. per inch thickness 


No. 4. For use where a polished finish is demanded. It is used for such equipment 
as dairy and ice cream tanks, soda fountains, meat packing and food equipment, archi- 
‘ectural and building construction, etc. 

__..¥9. 6. Tampico brushing of the No. 4 finish results in a satin finish with lower re- 
_Sctivity than No. 4 finish. For building construction and ornamentation where a brighter 
a i caaeeaiinand use in conjunction with bright finish No. 4, No. 7 and No. 8 as 
Pe. 7. The buffing of No. 4 finish results in a sheet with a high degree of lustre, but in 


h all the grit lines are not removed. It is used for trim for cabinets—for a contrast 
with other finishes. 
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No. 8. The highest degree of polish commercially available. Grit lines and scratches 


have been removed. This finish is suitable for press plates as used in the laminated paper 
and fibrous products industry—for mirrors and reflectors. 
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Designation of Finish for Strip 
14. The various types of finish procurable on strip products shall be 
(a) Cold-Rolled Strip: 
No. 1. Annealed and pickled. a 
No. 2. Annealed, pickled and rerolled. 
No. 3. Annealed, pickled, mechanically cleaned or buffed with- 
out the use of abrasives. 


» 


TABLE II.—THICKNESS TOLERANCES OF COLD-ROLLED STRIP. 


Thickness tolerances are based on measurements taken 2 in. in from the edge on cold-rolled strip 1 in. or over in width, \ 
and at any place on the strip on material less than 1 in. in width. 
Tolerances given are in inches and all are plus or minus. 
N 
Ordered Thickness, in. Under | Under | Under | Under Over Over Over Over N 
3 to 1lto | 1}to | 3to 3 to 6 to 9to | 12to | 16to | to N 
vsin, | | Lin, | 1fin, | Gin, | | 12in., | 16in., | 20in. |23}Zin, 
incl. incl. incl. incl. incl. incl. incl. incl. incl. incl, 7 
0.249 to 0.161, inel........ 0.002 0.002 0.003 0.003 0.004 0.004 0.004 0.005 0.006 | 0 006 ~ 
0.160 to 0.100, inel........ 0.002 0.002 0.002 0.002 0.003 0.004 0.004 0.004 0.005 | 0.005 an 
0.099 to 0.069, incl........ 0.002 0.002 0.002 0.002 0.003 0.003 0.003 0.004 0.004 | 0.004 U 
0.068 to 0.050, incl... .... 0.002 0.002 0.002 0.002 0.003 0.003 0.003 0.003 0.004 | 0.004 
0.049 to 0.040, inel........ 0.002 0.002 0.002 0.002 0.0025 | 0.003 0.003 0.003 0.004 0.004 0; 
0.039 to 0.035, inel........ 0.002 0.002 0.002 0.002 0.0025 | 0.003 0.003 0.003 0.003 0.003 Or 
0.034 to 0.032, incl... ... . 0.0015 | 0.0015 | 0.0015 | 0.0015 | 0.002 0.0025 | 0.0025 | 0.0025 | 0.003 0 003 
0.031 to 0.029, inel....... 0.0015 | 0.0015 | 0.0015 | 0.0015 | 0.002 | 0.0025 | 0.0025 | 0.0025 | 0.003 | 0.003 
0.028 to 0.026, inel........ 0.001 0.001 0.0015 | 0.0015 | 0.0015 | 0.002 0.002 0.002 0.0025 | 0.003 N 
0.025 to 0.023, inel........ 0.001 0.001 0.001 0.001 0.0015 | 0.002 0.002 0.002 0.0025 | 0.0025 Oy 
0.022 to 0.020, inel........ 0.001 0.001 0.001 0.001 0.0015 | 0.002 0.002 0.002 0.0025 | 0.0025 Or 
0.019 to 0.017, inel........ 0.001 0.001 0.001 0.001 0.001 0.0015 | 0.0015 | 0.002 0.002 | 0.002 
0.016 to 0.015, inel........ 0.001 0.001 0.001 0.001 0.001 0.0015 | 0.0015 | 0.0015 | 0.002 0.002 Ov 
0.014 to 0.013, inel..... .. 0.001 0.001 0.001 0.001 0.001 0.0015 | 0.0015 | 0.0015 | 0.002 | 0 002. 
PE 0.001 | 0.001 | 0.001 | 0.001 | 0.001 | 0.001 | 0.0015 | 0.0015 | 0.0015 | 0.0015 
_ 3 SAS See 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.0015 | 0.0015 | 0 0015 
_ Seas ere 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.0015 | 0.0015 
0.009 to 0.006, inel........ 0.00075} 0.00075} 0.00075) 0.00075] 0.00075) ...... | 
Under 0.006. 0.00050} 0.00050} 0.00050} 0.00050) 0.00050) ...... | | | eee 


(b) Hot-Rolled Strip: 
No. 1. Hot rolled, annealed and pickled. 


Explanation of Finish: = 
No. 1. For parts requiring maximum amount of deep drawing, for oxidation resistance. Ow 
No. 2. Slightly harder temper than No. 1 or No. 3, finish due to extra cold rolling. 

Very good surface. : 
No. 3. For parts requiring medium amount of deep drawing, for rolling and molding 


operations. ‘This strip has a bright surface and requires very little polishing to finish St 
Designation of Finish for Plates 
15. The various types of finish procurable on plates shall be as follows: str 
_ No. 1. Hot rolled, annealed and either pickled or sand blasted and an 
pickled. 
No. 4. Standard polish (limitation on width). . shi 
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PERMISSIBLE VARIATIONS IN DIMENSIONS AND WEIGHT 

Sheet Tolerances 
16. The material referred to as sheet shall conform to the dimensional _ 
and weight tolerances indicated in Table I. 


TABLE III.—DIMENSIONAL TOLERANCES OF COLD-ROLLED STRIP. a 


Wipta Toverances, Nos. 1, 4, 5, AND 6 EpGES 


Edge Edge Tolerance in Width, 
Description Width, in. Thickness, in. plus or minus, in. 7 
0.1 square over 35 to 2, incl................ ws or under.... 0.005 
vo. 1 edge, rolled | | over to 5, incl. ................ 0.005 
| Square over 32 or under........ 0.005 
No.5......... || rolled or 0.005 
No.5......... { | filed after | | over 5 to 9, inel................. $ to 0.008, incl.................. 0.010 
No. 5 over 20 to 234%, inel............. WOME... 0.015 
No. 6. | Square over 3 to inel................ 006.0065, 
No. 6. edge, rolled | over to 2, incl................ 
LenctH TOLERANCES 
Length, ft. Tolerance, in. 
Wiorn To.erances* 
Widths 
Thickness, in. : Over 
Up Over Over 12 to 24 in, 
to 2 in. 2 to 6 in. 6 to 12 in. prt 
Camper 
Up to and 3 in. in any 8-ft. length 
in, in any 8-ft. length 
* Width tolerances shown are plus or minus. If variation is desired all one way, double the figure indicated. 


* Camber shall be determined by placing an 8-ft. straight edge against the concave side of the strip. 
Strip Tolerances 


17. (a) Cold-Rolled Strip—The material referred to as cold-rolled 


= shall conform to the dimensional tolerances indicated in Tables II 
and IIT. 


(b) Hot-Rolled Strip—The material referred to as hot-rolled strip 
shall conform to the dimensional tolerances indicated in Table IV. 
P I-44 


| 
| 
width, 
0 0025 
0.0025 
0.002 
0.002 
0.002 
0.0015 
0.0015 
0.0015 
slows: 
d and 
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TABLE IV.—DIMENSIONAL TOLERANCES OF HoT-ROLLED STRIP. 
TaickNess TOLERANCES 
4 
_ Width 
Thickness 
Up to 5 in., inel. Over 5in. to 10in., | Over 10in.tol5in., | Over 15 in. to 23}? in, 
incl. incl. incl. 
No. 23 to No. 18, incl........ +0.003 in.—0.003 in. | -+0.004 in.—0.004 in. | 
No. 17 to No. 11, inel........|+0.004 in.—0.004 in. | +0.005 in.—0.005 in. |+0.006 in.—0.006 in. | +0.007 in.—0.007 in. 
No. 10 to 0.187 in., incl......|+0.005 in.—0.005 in. | +0.006 in.—0.006 in. |4+0.007 in.—0.007 in. | +0.008 in.—0.008 in, 
0.188 to 0.249 in., incl....... +0.006 in.—0.006 in. | +0.007 in.—0.007 in. |+0.008 in.—0.008 in. | +0.009 in.—0.009 in. 
"Thickness measurement shall be taken 3 in. from edge of strip. 
Tolerance for thickness at center measurement shall be that for the edge measurement plus: 
0.001 in. for widths 4 to 1} in. 
0.002 in. for widths 1} to 23 in. 
0.003 in. for widths 24 to 5 in. 
. % 0.004 in for widths 5 to 10 in. 
0.005 in. for widths 10 to 15 in. 
0.006 in. for widths 15 to 23 $8 in. 
ToLerance 
? Tolerance, in. 
Width, in. 
Plus Minus 
Lenora TOLERANCE 
Up to 3 in. in Width Over 3 Up to 6 in. in Width Over 6 in. in Width 
Plus Minus Plus Minus Plug Minus 
in. 0 2 in. 0 3 in. 0 
2 in. 0 3 in. 0 2 in. 0 
Over 10 to 20, inel.............2..00+- 3 in. 0 § in. 0 1 in. 0 
Over 20 to 30, incl........... din. 0 2 in. 0 1} in. 0 
1 in. 0 1 in. 0 1} in. 0 
1} in. 0 1} in. 0 1} in. 0 
Camper TOLERANCE 


Strip shall be as straight as practicable and not more than } in. out of line in any 8 ft. of length, with camber measurement 


taken on the concave edge. 
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Finish 


and weight tolerances indicated in Table V. 
19. T ial shé injuri ? 


A.S.T.M. 


A 167-35 T 


Plate Tolerances 


18. The material referred to as plate shall conform to the thickness 


9. The material shall be free from injurious defects, shall have a 


workmanlike appearance, and shall correspond to the designated finish as 
indicated in Sections 13, 14 and 15 


TABLE V.—STANDARD ROLLING TOLERANCES OF PLATES 


TuickNess TOLERANCES® 


All plates must be ordered to thickness and not to weight per square foot. No plates shall vary more than 0.01 in. under 
thickness ordered, and the overweight of each lot® in each shipment shall not exceed the amount given in the table below. 


Weicut ToLerances? 


Permissible Excess in Average Weight per Square Foot of Plates for Widths 
Given, Expressed in Percentage of Nominal Weight 
Ordered Thickness, in. 48in., | 6in., | 72in. | 84in., | 96in., | 108 in., | 12 Cin, | 132 in,, 
Under | inel., incl., incl., incl., incl., incl., incl., incl., 
48 in to to to to to to to to 
60in., | 72in., | 84in., | 96in., | 108in., | 120in., | 132 in., | 144 in., 
excl. excl. excl. excl. excl. excl. excl, excl. 
incl, to 9 10.5 | 12 13.5 | 15 18 21 24 28.5 
ae eee 7.5 9 10.5 | 12 13.56 | 15 18 21 25.5 
{, inel., to yg, exel...........2200- 7 7.5 9 10.5 | 12 13.5 | 15 18 22.5 
, incl. to , Sees. 6 7 7.5 9 10.5 | 12 13.5 15 19.5 
eS eee 5.5 6 7 7.5 9 10.5 | 12 13.5 | 16.5 
find, to 3, excl...........0.0.- 4.5 5.5 6 7 7.5 9 10.5 | 12 13.5 
4 5.5 6 7 7.5 9 10.5 | 12 
4 4 4.5 5.5 6 7 7.5 9 10.5 


* Spot grinding i is permitted to remove surface imperfections not to exceed 0.01 in. under the specified thickness. 
The term “lot” means all of the plates of each group width and each group thickness. 
* The weight of individual plates shal! not exceed the nominal weight by more than one and one-third times the amount 
given in the above table. 


INSPECTION AND REJECTION 
Inspection 


20. The inspector representing the purchaser shall have free entry, 
at all times while work on the contract of the purchaser is in progress 
to all parts of the manufacturer’s works which concern the manu- 
facture of the material ordered. ‘The manufacturer shall afford the in- 
Spector, without charge, all reasonable facilities to satisfy him that the 
material is being furnished in accordance with these specifications except 
when an agreement has previously been made between the manufacturer 
and purchaser regarding the cost of such tests. 


Rejection 
21. (4) Unless otherwise specified, any rejection based on tests in 


accordance with these specifications shall be reported within 10 days from 
date of test. 
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676 SpECIFICATIONS FOR CHROMIUM-NICKEL STEELS 


(b) Material which shows injurious defects subsequent to its accept- 
ance at the manufacturer’s works shall be rejected and the manufacturer 


Rehearing 


22. Samples tested in accordance with this specification, which rep- 
resent rejected material, shall be preserved three weeks from date of test 
report. In case of dissatisfaction with the results of the tests, the manu- 
facturer may make claim for a hearing within that time. 
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TENTATIVE SPECIFICATIONS 
FOR 
HIGH-STRENGTH CORROSION-RESISTING 
CHROMIUM-NICKEL STEELS (SHEET AND STRIP)! 
A.S.T.M. Designation: A 177-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


ISSUED, 1935.? 


Scope 
1. These specifications cover high-strength corrosion-resisting chro- 
mium-nickel steel sheet and strip. The terms sheet and strip as used in 
these specifications apply to the following: 
Sheet includes products less than 3%; in. in thickness and 24 in. and 
over in width. 
Strip includes products 0.175 in. and less in thickness and under 

24 in. in width. 


Process 
2. The steel shall be made by the following processes: electric-arc, 
electric-induction, or other approved processes. | 


Discard 


3. A sufficient discard shall be made from each ingot to insure freedom 


from injurious piping and undue segregation. 7 


Chemical Composition 


4. The steel shall conform to the following requirements as to chemical 
composition : 


Carbon, max., per cent 
Manganese, max., per cent 
Phosphorus, max., per cent 
Sulfur, max., per cent 
Silicon, max., per cent 
Chromium, min., per cent 
Nickel, min., per cent 


. _ * For material of three-quarter hard and full hard tempers a carbon content of 0.15 per cent, maximum, 
1S permissible, 


AS rant the standardization procedure of the Society, these specifications are under the jurisdiction of the 
TA - Lommittee A-10 on Iron-Chromium, Iron-Chromium-Nickel and Related Alloys. 
cepted for publication as tentative by Committee E-10 on Standards, August 22, 1935. 
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678 SPECIFICATIONS FOR CHROMIUM-NICKEL STEEL SHEET AND STRIP 


Ladle Analysis 
5. An analysis of each melt of steel shall be made by the manufacturer 
to determine the percentages of the elements specified in Section 4. The 
analysis shall be made from drillings taken at least { in. beneath the surface 
of a test ingot made during the pouring of the melt. ‘The chemical composi- 
tion thus determined shall be reported to the purchaser or his representative, 
and shall conform to the requirements specified in Section 4. 
Check Analysis 
6. If check analysis is specified by the purchaser, it shall be made 
from drillings or millings as taken from the finished material or from a 
broken test specimen. The chemical composition thus determined shall 
conform to the requirements specified in Section 4. 


Temper 
7. The various tempers procurable in sheet and strip shall be as 

indicated in the following table: 

Quarter Hard Temper 

Half Hard Temper 

Three-Quarter Hard Temper 

Full Hard Temper 


Tension Tests 
8. (a) When specified by the purchaser, the material shall conform 
to the following requirements as to physical properties: 


ELONGATION IN 2 IN., PER CENT 


TENSILE 0.016 To 
TEMPER STRENGTH, Yre_p Point, Upto 0.015 In. 0.030 IN. 0.031 IN. 
LB. PER SQ. IN. LB. PER SQ. IN. THICK THICK THICK AND OVER 
Quarter Hard...... 125 000 75 000 25.0 25.0 25.0 
Frame 150 000 110 000 9.0 10.0 10.0 
Three-Quarter Hard 175 000 135 000 3.90 5.0 7.0 
yO. ee 185 000 140 000 3.0 4.0 5.0 


(b) The yield point shall be determined by the dividers method. 

(c) In making tension tests reference should be made to the Standard 
Methods of Tension Testing of Metallic Materials (A.S.T.M. Designation: 
E 8) of the American Society for Testing Materials.! 

Bend Tests 

9. (a) The bend test specimens shall stand being bent cold through 
the required angle indicated in the following table, without cracking on the 
outside of the bent portion: 


0.030 IN. 0.031 To 0.050 IN. 0.051 IN. 
TEMPER THICK AND LESS THICK THICK AND OVER 
ANGLE, DEG. N ANGLE, DEG. N ANGLE, DEG. 
180 180 1 90 2 
180 2 180 4 90 
Three-Quarter Hard............. 180 4 90 


11933 Book of A.S.T.M. Standards, Part I, p. 949. 
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A.S.T.M. Desicnation: A 177 -~35 T 679 
(b) One bend test specimen shall be bent in the longitudinal and one 
in the transverse direction. 
(c) The radius of the bend shall be equal to “NV” times the thickness 


of the specimen. The values for ‘‘N” are indicated in the table in 


10. (a) Tension test specimens shall be taken from finished material 
and shall be in the longitudinal direction. The tension specimens shall be 
of the full thickness of the material and shall conform to the dimensions 
shown in Fig. 1. 
1 (b) Bend test specimens from sheet and strip less than 3’; in. in thick- 
ness shall be the full thickness of the material. The longitudinal bend test 
specimen from strip less than 1 in. in width shall be the width of the mate- 


AS 23'Min.in Grips 34 Min. between “Min.in Grips 
| Gage Length 
| 
| | | 


| w+0003"to 0.005*” w=0.500"40.010 


Reduced Section adius 05"to 
t = Thickness of Material 
Note : Gradual Taper from Ends of Reduced Section to Middle. 
fe All Machining Dimensions are Shown below and Testing Dimensions above Specimen. 


The ends shall be symmetrical within 0.01 in. 


ver Fic. 1.—Standard Tension Test Specimen for Sheet and Strip Metals. 


tial. The width of specimens over 1 in. in width shall be six times the 
thickness but not less than 1 in. When possible, the length shall be at 
least 6 in. The transverse bend test specimen shall have a width six times 
the thickness of the material but not less than 1 in. The length shall be 
equal to the width of the sheet or strip, but in no case longer than 12 in. 


ion 
lhe edges of the test specimens may be rounded to a radius equal to 
one-half the thickness. 
Number of Tests 

yugh 


the 11. Two tension tests and two bend tests shall be made on each lot of 
material, a lot consisting of 100 or less each of sheets or strips, and in no 
case less than 1000 Ib. from the same melt of steel and the same specified 


12. If any special tests are required which are thought to be pertinent 
to the intended application of the material ordered, they shall be as agreed 
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680 SPECIFICATIONS FOR CHROMIUM-NICKEL STEEL SHEET AND STRIP 


upon between the purchaser and the manufacturer or as specified in the 
purchase order. 


Thickness Tolerances 

13. (a) Material up to 24 in., inclusive, in width shall not vary from 
the thickness specified by more than +5 per cent of the ordered thickness, 
except that in no case shall the minimum thickness tolerance be less than 
+(.001 in. 

(b) For material over 24 in. in width the thickness tolerances shall be 
as agreed upon between the purchaser and the manufacturer. 

(c) In determining thickness the material shall be gaged { in. from the 
edge and may be thicker at the crown (center) than at the edge by one-half 
the thickness tolerance taken one way. 

Camber Tolerances 

14. (a) Material up to and including 1} in. in width shall not have a 
camber exceeding 3} in. in 8 ft. or less. 

(b) Material over 1} in. in width shall not have a camber exceeding 
} in. in 8 ft. or less. 
concave edge of the sheet or strip. 
Flatness Tolerances 

15. (a) Material shall not have buckles exceeding the following limits: 


(b) The height of buckle shall be determined by measuring the distance 
from a flat surface on which the sheet or strip lies to the maximum rise of 
the sheet or strip. — 


Width Tolerances 

16. (a) Sheets.—For non-resquared sheets the width shall not vary 
more than } in. over the ordered size. For resquared sheets the width shall 
not vary more than jg in. over the ordered size. No variations under the 
specified width are permissible. 

(b) Strip.—The width of strip material shall not vary from the specified 
width by more than + 34 in. 


Other Tolerances 

17. Tolerances closer than or other than those shown in Sections 13 to 
16, inclusive, shall be as agreed upon between the purchaser and the 
manufacturer. 
Workmanship and Finish 


18. (a) The surface finish shall be as cold rolled or as otherwise 
designated. 
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A.S.T.M. DeEsicnaTion: A 177 - 35 T 


(b) The material shall be free from injurious defects, shall have a 
workmanlike appearance and shall correspond to the designated finish as 
indicated in Paragraph (a). 
Inspection 

19. The inspector representing the purchaser shall have free entry, at 
all times while work on the contract of the purchaser is being performed, to 
all parts of the manufacturer’s works which concern the manufacture of the 
material ordered. ‘The manufacturer shall afford the inspector, without 
charge, all reasonable facilities to satisfy him that the material is being 
furnished in accordance with these specifications, except when an agree- 
ment has previously been made between the manufacturer and purchaser 
regarding the cost of such tests. All tests (except check analyses) and 
inspection shall be made at the place of manufacture prior to shipment, 
unless otherwise specified, and shall be so conducted as not to interfere 
unnecessarily with the operation of the works. 


Rejection 


20. (a) Unless otherwise specified, any rejection based on tests made 
in accordance with these specifications shall be reported within ten days 
from date of test. 

(b) Material which shows injurious defects subsequent to its acceptance 
at the manufacturer’s works shall be rejected and the manufacturer shall 
be notified. = 


Rehearing 


ai. Samples tested in accordance with these specifications, which 
represent rejected material, shall be preserved three weeks from date of 
the test report. In case of dissatisfaction with the results of the tests, the 
manufacturer may make claim for a rehearing within that time. 
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TENTATIVE SPECIFICATIONS 
FOR 


~ELECTRODEPOSITED COATINGS OF ZINC ON STEEL! 


A.S.T.M. Designation: A 164-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of 


the Society, 260 S. Broad St., Philadelphia, Pa. 
IssuED, 1935. 


Scope 

1. These specifications cover requirements for electroplated zinc coat- 
ings on steel articles that are required to withstand corrosion. ‘Two types 
of coating (Notes 1 and 2) are covered: namely, 


Type LS.—For general service. 
Type RS.—For mild service. 


Note 1: Explanation of Symbols.—The initial letters L and R were adopted as arbi- 
trary designations of grades of plating. The second letter (S) refers to steel as the base 
metal; to provide for other base metals such as brass (B) and zinc (Z). 


Note 2: Classification —The conditions of exposure and use of plated steel are s 
varied that it is not possible to predict the average life of articles plated in accordance 
with Type LS or Type RS, or to predetermine just which type of plating should be specified 
for a given article. Such a selection must be based upon the experience of the manu- 
facturers and users. 

It is recognized that uses exist for which thicker coatings than those of Type LS 
will be required. 

For articles that are intended for a short period of use, no standard specification for 
plating is recommended. It is suggested, however, that subject to the prevailing manu- 
facturing conditions, certain minimum requirements be mutually agreed upon by the 
manufacturer and purchaser in order to insure that the plated coatings render a useful 
service. 


Manufacture 

2. The steel to be plated shall be substantially free from flaws ot 
defects that will be detrimental to the appearance or the protective value 
of the coatings. It shall be subjected to such cleaning, pickling and plating 
procedures as are necessary to yield deposits with the desired quality. 
The zinc coating shall have a uniform appearance, shall be adherent and 
free from blisters and substantially free from other defects that may aflect 
the appearance or protective value of the coatings. 


1 Under the standardization procedure of the Society, these specifications are under the jurisdictior 
the A.S.T.M. Committee A-5 on Corrosion of Iron and Steel. , 

These specifications were prepared under the joint cooperation of the American Electro-Platers’ Society: 
the National Bureau of Standards and the American Society for Testing Materials. 
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A.S.T.M. DESIGNATION: A 164-35 T 
Minimum Thickness of Deposits 
3. (a) Type LS.—On significant surfaces of the finished articles, the 
minimum thickness of Type LS zinc coating shall be 0.0005 in. 


(b) Type RS.—On significant surfaces of the finished articles, the 
minimum thickness of Type RS zinc coating shall be 0.00015in. = — 


Thickness Measurements 


4. The minimum thickness of the zinc coatings shall be determined 
by microscopic examination of cross-sections taken perpendicular to signi- 
ficant surfaces, or by other methods as agreed upon by the manufacturer 


Significant Surfaces) 

5. In general, significant surfaces are those surfaces that are visible 
and subjected to wear and/or corrosion. ‘The designation of significant 
surfaces shall be agreed upon by the manufacturer and purchaser, and 
may be indicated on the drawings. 


Sampling 

6. Methods of sampling and resampling and the basis of rejection 
shall be subject to mutual agreement by the manufacturer and purchaser. 
The number of samples to be selected and the frequency of selection will, 
in general, depend upon the number of pieces to be plated. 


TIME REQUIRED FOR PLATING 

Any specified thickness of plating can be produced consistently only if the current 
density and time of plating are controlled. Regulation of the voltage is of no value 
except so far as it produces the desired current density. 

The average thickness of deposit that is required to produce a specified minimum 
thickness of deposit will depend upon the shape of the article, the shape and position 
of the anodes, and the throwing power of the solution. Purely for illustration, it 
will be assumed that the average thickness will be 50 per cent greater than the mini- 
mum thickness. The resultant figures serve only as a rough guide and must be con- 
firmed by trial for the articles concerned. 

_ To deposit 0.001 in. of zine with high efficiency in either acid or cyanide baths, 
it requires about 14 amp. hr. per sq. ft. To produce an average thickness of 0.00075 
in. (that is, 50 per cent more than the minimum thickness of 0.0005 in. specified for 
Type LS), it will therefore require about 11 amp. hr. per sq. ft. This is equivalent 
'o one hour’s plating at 11 amp. per sq. ft., or to a corresponding period for any other 
current density. Similarly, for Type RS it will require about 3.5 amp. hr. per sq. ft. 
to deposit an average of 0.00023 in. of zinc (or a minimum of 0.00015 in.). 

For complicated shapes, longer periods will be required. When a large number 
small articles are plated simultaneously (for example, on a rack or in a barrel), 
ne time of plating must be increased to insure the specified thickness on those articles 


‘nat receive less than the average current density. OO 
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TENTATIVE SPECIFICATIONS 
FOR 
ELECTRODEPOSITED COATINGS OF CADMIUM ON STEEL! 


A.S.T.M. Designation: A 165 —- 35 T 


This is a Tentative Standard and under the Regulations of the Society is subject t 
annual revision. Suggestions for revision should be addressed to the Headquarter: 
the Society, 260 S. Broad St., Philadelphia, Pa. 


IsSUED, 1935. 
Scope 


1. These specifications cover requirements for electroplated cadmium 
coatings on steel articles that are required to withstand corrosion. Two 


types of coating (Notes 1 and 2) are covered: namely, _ a 
Type NS.—For general service. 


Type TS.—For mild service. 
Note 1: Explanation of Symbols—The initial letters N and T were adopted as arbi- 


trary designations of grades of plating. ‘The second letter (S) refers to steel as the | 
metal; to provide for other base metals such as brass (B) and zinc (Z). 

Note 2: Classification.—The conditions of exposure and use of plated steel art 
varied that it is not possible to predict the average life of articles plated in accordance 
with Type NS or Type T'S, or to predetermine just which type of plating should be specified 
for a given article. Such a selection must be based upon the experience of the manv- 
facturers and users. 

It is recognized that uses exist for which thicker coatings than those of Type 4 
will be required. 

For articles that are intended for a short period of use, no standard specification for 
plating is recommended. It is suggested, however, that subject to the prevailing man 
facturing conditions, certain miaimum requirements be mutually agreed upon by th 
manufacturer and purchaser in order to insure that the plated coatings render a usel 
service. 


Manufacture 

2. The steel to be plated shall be substantially free from flaws o! 
defects that will be detrimental to the appearance or the protective value 
of the coatings. It shall be subjected to such cleaning, pickling and plating 
procedures as are necessary to yield deposits with the desired quality. 
The cadmium coating shall have a uniform appearance, bright or dull 4 
specified, shall be adherent and free from blisters and substantially free 
from other defects that may affect the appearance or protective value 
the coatings. 


1 Under the standardization procedure of the Society, these specifications are under the jurisdiction © 
the A.S.T.M. Committee A-5 on Corrosion of Iron and Steel. y 

These specifications were prepared under the joint cooperation of the American Electro-Platers’ Soaety: 
the National Bureau of Standards and the American Society for Testing Materials. 
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A.S.T.M. DEsIGNATION: A 165 - 35 T 


Minimum Thickness of Deposits 
3. (a) Type NS.—On significant surfaces of the finished articles, the 
minimum thickness of Type N.S cadmium coating shall be 0.0005 in. 
(b) Type TS.—On significant surfaces of the finished articles, the 
minimum thickness of Type TS cadmium coating shall be 0.00015 in. 


Thickness Measurements 

4. The minimum thickness of the cadmium coating shall be determined 
by microscopic examination of cross-sections taken perpendicular to signifi- 
cant surfaces, or by other methods as agreed upon by the manufacturer _ 
and purchaser. 


5. In general, significant surfaces are those surfaces that are visible 
and subjected to wear and/or corrosion. The designation of significant 
surfaces shall be agreed upon by the manufacturer and purchaser, and 
may be indicated on the drawings. 


Sampling 

6. Methods of sampling and resampling and the basis of rejection 
shall be subject to mutual agreement by the manufacturer and purchaser. 
The number of samples to be selected and the frequency of selection will, 
in general, depend upon the number of pieces to be plated. 


TIME REQUIRED FOR PLATING 


Any specified thickness of plating can be produced consistently only if the current 
density and time of plating are controlled. Regulation of the voltage is of no value 
except so far as it produces the desired current density. 

The average thickness of deposit that is required to produce a specified minimum 
thickness of deposit will depend upon the shape of the article, the shape and position 
of the anodes, and the throwing power of the solution. Purely for illustration, it 
will be assumed that the average thickness will be 50 per cent greater than the mini- 
mum thickness. The resultant figures serve only as a rough guide and must be con- 
firmed by trial for the articles concerned. 

To deposit 0.001 in. of cadmium with high efficiency, it requires about 10 amp. 

tr. per sq. ft. To produce an average thickness of 0.00075 in. (that is, 50 per cent 
more than the minimum thickness of 0.0005 in. specified for Type NS), it will there- 
lore require about 7.5 amp. hr. (450 amp. min.) per sq. ft. This is equivalent to 
one hour’s plating at 7.5 amp. per sq. ft., or toa corresponding period for any other 
current density. Similarly, for Type TS ‘it will require about 2.5 amp. hr. per sq. ft. 
deposit an average of 0.00023 in. of cadmium (or a minimum of 0.00015 in.). 

For complicated shapes, longer periods will be required. When a large number 

1 small articles are plated simultaneously (for example, on a rack or in a barrel), 
‘he time of plating must be increased to insure the specified thickness on those articles 
‘hat receive less than the average current density. 
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TENTATIVE SPECIFICATIONS 


FOR 

ELECTRODEPOSITED COATINGS OF NICKEL AND 0.0 
CHROMIUM ON STEEL! 

A.S.T.M. Designation: A 166-35 T an 

This is a Tentative Standard and under the Regulations of the Society is subject t _ 
annual revision. Suggestions for revision should be addressed to the Headquarters of coa 
the Society, 260 S. Broad St., Philadelphia, Pa. 

IssuED, 1935. Thi 

Scope 
These specifications cover requirements for electroplated coatings face 
on steel articles including a final coating of nickel or chromium where both or « 
appearance and protection against corrosion of the base metal are im- cop 
portant. ‘Two types of coating (Notes 1 and 2) are covered: namely, 0.06 

Type KS.—For general service. 

Type bape —For mild service. ness 

Note 1: Explanation of symbols.—The initial letters K and Q were adopted as arbi- Spec 
trary pe te owe. of grades of plating. ‘The second letter (.S) refers to steel as the base coat 
metal; to provide for other base metals such as brass (B) and zinc (Z). 

Note 2: Classification.—The conditions of exposure and use of plated steel are s0 Thic 
varied that it is not possible to predict the average life of articles plated in accordanc 
with Type KS or Type QS, or to predetermine just which type of plating should be -— ied | 
for a given article. Such a selection must be based upon the experience of the manu shal 
facturers and users. : pe 

It is recognized that uses exist for which thicker coatings than those of Type K TE 
will be required. 

For articles that are intended for a short period of use, no standard specification for by 3 
plating is recommended. It is suggested, however, that subject to the prevailing manu y 
facturing conditions, certain minimum requirements be mutually agreed upon by t the nific 
manufacturer and purchaser in order to insure that the plated coatings render a useu upor 


service. 


Manufacture Conti 
2. The steel to be plated shall be substantially free from flaws 0 
defects that will be detrimental to the final finish. It shall be subjected t0 ciab] 


such polishing, cleaning, pickling and plating procedures as are necescaly expo: 
to yield deposits with the desired appearance and quality. The use 16-hi 
copper as an initial or intermediate layer is optional, and subject to t! _ Od 
requirements specified in Sections 3 and 4. The coatings shall have 4 pore 

1 Under the standardization procedure of the Society, these specifications are under the jurisdiction ollow 
the A.S.T.M. Committee A-5 on Corrosion of Iron and Steel. IP 


These specifications were prepared under the joint cooperation of the American Electro- Platers’ Socit has bee: 
the National Bureau of Ctandants and the American Society for Testing Materials. | 
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A.S.T.M. DESIGNATION: A 166-35 T 
bright or dull finish as specified, shall be adherent and free from blisters, 
and substantially free from pits or other surface defects. 


Thickness of Deposits, Type KS 


3. (a) Nickel and Copper.—For Type KS coating on significant sur- 
faces of the finished articles, the minimum thickness of the nickel coating, 
or of the combined layers of copper and nickel, shall be 0.00075 in., and if 
copper is used, the minimum thickness of the final nickel layer shall be 
0.0004 in. 

(b) Chromium.—If a chromium finish is specified, the minimum thick- 
ness of the copper and nickel layers on significant surfaces shall be as 


specified in Paragraph (a), and the average! thickness of the chromium 
coating shall be not less than 0.00002 in. —_ 
Thickness of Deposits, Type QS 

4. (a) Nickel and Copper.—For Type QS coating on significant sur- 
faces of the finished articles, the minimum thickness of the nickel coating, 
or of the combined layers of copper and nickel, shall be 0.0004 in., and if 
copper is used, the minimum thickness of the final nickel layer shall be 
0.0002 in. 

(b) Chromium.—If a chromium finish is specified, the minimum thick- 
ness of the copper and nickel layers on significant surfaces shall be as 
specified in Paragraph (a), and the average! thickness of the chromium 
coating shall be not less than 0.00002 in. 


Thickness Measurements 


5. (a) The minimum thicknesses of the copper and nickel coatings 
shall be determined by microscopic examination of cross-sections taken 
perpendicular to significant surfaces. 

(b) The average thickness of the chromium coating shall be determined 
by microscopic examination of cross-sections taken perpendicular to sig- 


nificant surfaces, by stripping methods, or by other methods as agreed 
upon by the manufacturer and purchaser. 


Continuity Tests 


__ 6. (a) For Type KS coating the plated articles shall show no appre- 
cable corrosion on significant surfaces at the end of 48-hr. continuous 


exposure to the salt spray test; and for Type QS coating at the end of 
\6-hr. continuous exposure to the salt spray test (Note 3). 


Note 3: Preparation of Specimen.—The specimen shall be cleaned immediately before 
insertion in the salt spray, so that the surface is free from “water break.” This may be 
accomplished by any effcient method, such as cleaning with a suitable organic solvent 

llowed by light rubbing with a cream of pure magnesium oxide. 


, For many articles the minimum thickness of chromium is more significant, but the average thickness 
vas been specified pending the development of satisfactory methods for measuring the minimum thickness. 
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688 SPECIFICATIONS FOR ELECTRODEPOSITED NICKEL AND CHROMIUM 


Salt Spray Test.—The test shall be conducted with a 20 per cent solution of sodium 
chloride (sp. gr. 1.15) under conditions that produce a dense fog throughout the container, 
without the spray being blown directly against the specimens. The latter shall be sup. 
ported by glass or other insulating material. The temperature in the box shall be main. 
tained by thermostatic control at 95 F. = 5 F. (35 C = 3C.). (This is about the lowest 
temperature that can be maintained throughout the year without artificial cooling.) The 
solution formed by condensation of the spray should be drained off and not used again. 
(b) Unless otherwise agreed upon by the manufacturer and purchaser, 
“appreciable corrosion” shall be defined as the presence of more than six 
rust spots per square foot that are visible to the unaided eye, or of any 


rust spots larger than #5 in. in diameter. 


Note 4: Summary.—The requirements of Sections 3, 4, and 6 are summarized as 
follows: 

Mirimum Thickness: Type KS Coatinc Type QS Coatinc 
0.0004 in. 0.0002 in. 
Average Thickness: 

Chromium (if required)................+8. 0.00002 in. 0.00002 in. 

Salt spray, continuous exposure.............. 48 hr. 16 hr. 


Significant Surfaces 

7. In general, significant surfaces are those surfaces that are visible 
and subjected to wear and/or corrosion. ‘The designation of significant 
surfaces shall be agreed upon by the manufacturer and purchaser, and 
may be indicated on the drawings. 

Sampling 

8. Methods of sampling and resampling and the basis of rejection 
shall be subject to mutual agreement by the manufacturer and purchaser. 
The number of samples to be selected and the frequency of selection wil, 
in general, depend upon the number of pieces to be plated. 


4 \ PPEN 
JAAPPENDIX 
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TIME REQUIRED FOR PLATING 


Any specified average or minimum thickness of plating can be produced ¢ 
sistently only if the current density and time of plating are controlled. Regulatior 
the voltage is of no value except so far as it produces the desired current density. 
The current and time required to produce a certain minimum thickness of a! 
metal will depend upon the shape of the article, the shape and position of the ano 
and the throwing power of the solution. General experience indicates that aver 
thicknesses of at least 0.001 in. and 0.0005 in. will usually be required to prod 
the respective minimum thicknesses of 0.00075 in. and 0.0004 in. of nickel plus coppé 
For complicated shapes, longer periods will be required, which must be determm 
by trial. When a large number of small articles are plated simultaneously (for ¢ 
ample, on racks or in barrels), the time of plating must be increased to insure! 
specified thickness on those articles that receive less than the average current dens 
Copper and Nickel.—To deposit an average thickness of 0.001 in. of either cop] 
or nickel using acid baths with 90 per cent efficiency, requires about 21 amp. hr. | 


sq. ft. In the cyanide copper bath only about 10 amp. hr. per sq. ft. are require? 
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the efficiency is over 90 per cent. Practically, however, the efficiency in cyanide 
baths may be only 50 to 70 per cent, so for illustration the above figure of 21 amp. 
hr. per sq. ft. will be retained for all the copper layers. 

The losses in buffing may vary from 10 to’20 per cent. If the latter value is 
assumed for safety, this will necessitate the use of 21 + 4 = 25 amp. hr. (1500 amp. 
min.) per sq. ft. to yield an average thickness of 0.001 in. of copper plus nickel on the 
finished articles. ‘This is equivalent to a total of one hour’s plating at 25 amp. per 
sq. ft., 2.5 hr. at 10 amp. per sq. ft., or to a corresponding period for any other current 
density. For an average thickness of 0.0005 in., half these periods will be required. 

Chromium.—In chromium plating, bright deposits are usually produced with a 
cathode efficiency of about 12 per cent. Under these conditions it requires about 
500 amp. min. per sq. ft. to produce the specified average thickness of 0.00002 in. of 
chromium. ‘This is equivalent to 5 minutes’ plating at 100 amp. per sq. ft., or to 
2.5 min. at 200 amp. per sq. ft. 
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TENTATIVE SPECIFICATIONS 
FOR 


af WROUGHT-IRON PLATES! hi 
dt 
A.S.T.M. Designation: A 42-35 T ws 
This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Head- ar 


quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1934; REVISED, 1935. 

R 

Scope (E 
l. 


These specifications cover wrought-iron? plates for general 
fabrication purposes, including bending and flanging, in thicknesses 
_ 33s in. and over. 

2. (a) All plates shall be rolled from blooms, piles or slabs which 
are entirely free from any admixture of iron scrap (Note) or steel. 


(b) Piles for plates shall be made from wrought iron.? The _ 
constituent bars shall be the full length of the pile. 


Note.—The term iron scrap applies only to foreign or bought scrap and does | 
not include local mill products which are free from foreign or bought scrap. Any 

; local mill products used shall be the equal or of a higher grade than the material or 

specified. he 
: _ Chemical Composition M 
3. The iron shall conform to the following requirement as to 
chemical composition: pe 
Tension Tests for 
4. (a) The plates shall conform to minimum requirements as to fro 
tensile properties, calculated from the following formulas: 


1 Under the standardization procedure of the Society, these specifications are under the juris 

diction of the A.S.T.M. Committee A-2 on Wrought Iron. Ber 
These tentative specifications are in effect a tentative revision of, and will supersede when adopted 

as standard, the present Standard Specifications for Wrought-Iron Plates (A.S.T.M. Designation: 

A 42~30), 1933 Book of A.S.T.M. Standards, Part I, p. 459. ber 
2 Wrought iron is defined as follows in the Standard Definitions of Terms Relating to Wrought 

Tron Specifications (A.S.T.M. Designation: A 81) of the American Society for Testing Materials: por 
Wrought Iron.—A ferrous material, aggregated from a solidifying mass of pasty peer of highly 

tefined metallic iron with which, without subsequent fusion, is todnenegeneted ¢ od a ‘minutely and uniformly 


distributed quantity of slag, 
‘ (65C) 
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A.S.T.M. Desicnation: A 42-35 T 691 
Tensile strength, lb. per sq. in. = 51,000 — (1500 X transverse ductility of plate 
(expressed as percentage elongation in 8 in.) ) 

Longitudinal elongation in 8 in., per cent = 16 — transverse ductility (expressed as 
percentage elongation in 8 in.) 


(b) On the basis of the above formulas, the purchaser of the 
plate shall indicate the transverse ductility desired in conformity with 
his fabrication: requirements. ‘The usual longitudinal strength and 
ductility are directly related thereto, and are scaled downward in 
ratio to the increase in transverse properties desired. 

(c) Representative requirements in accordance with the formulas 


are as follows: 
Minimum LONGITUDINAL 


PROPERTIES 
TRANSVERSE DUCTILITY TENSILE E.oncation® 
(ELONGATION IN 8 IN.), STRENGTH,® MIN., IN 8 IN., MIN., 
PER CENT LB. PER SQ. IN. PER CENT 
Ditikrncihanvavnkeeoes 51,000 — (1500 X 2) = 48 000° (16 — 2) = 14¢ 
* See Section 5 (a). . 


© Test requirements for the usual full longitudinal rolling of the plate. 


(d) The yield point shall be determined by the drop of the beam 
or halt in the gage of the testing machine. ‘The speed of the cross- 
head of the machine shall not exceed ? in. per minute. 


Modifications in Elongation 

5. (a) For plates over ? in. in thickness, a reduction of 1000 Ib. 
per sq. in. from the indicated tensile strength will be allowed for each 
increase of } in. in thickness over 3 in., with a proportional reduction 
for fractional parts of 4 in.; but in no case less than 39,000 lb. per sq. in. 

(b) For plates under jg in. in thickness, a deduction of 1 per cent 
from the percentages of elongation specified in Section 4 shall be made 
for each decrease of ;!¢ in. in thickness below ;/, in. 
Bend Tests 


6. (a) Cold-bend Tests—The test specimen shall stand being 
bent cold through 90 deg., without fracture on the outside of the bent 
portion, around a pin the diameter of which is: 


oe 49 X thickness of plate 
ional specified longitudinal elongation in 8 in., per cent 
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692 TENTATIVE SPECIFICATIONS FOR Wrovent-Inon PLATES 


(b) Nick-bend Tests——The test specimen, when nicked on one 

side and slowly broken, shall show a wholly fibrous fracture. 
Test Specimens 

7. (a) Tension and bend test specimens shall be taken from 
the finished plate and except as specified in Paragraph (6) shall be 
of the full thickness of the plate as rolled. 

(b) Test specimens may be machined to the form and dimensions 
shown in Fig. 1, or with both edges parallel. When plates are 1} in. 
or over in thickness, the specimens may be machined to a thickness 
of not less than 3 in. or, if desired, to a diameter of not less than 
? in. for a distance of not less than 9 in. 

(c) The machined edges of sectangular bend test 
may be rounded to a radius of not over 7 in. 


| 


not less thang” 


_ 
| 


> 

Fic. 1.—Standard 8-in. Gage Length Test Specimen. 
Number of Tests 

8. (a) One tension, one cold-bend and one nick-bend test shall 
be made for each }-in. variation in plate thickness and not less than 
one test for every ten plates as rolled. Where modification of the 
usual transverse properties is specified, and the tensile properties 
are determined by the formulas in Section 4 (a), two tension test 
specimens shall be taken at right angles to each other, one parallel to 
the longitudinal axis and the other parallel to the transverse axis. 

(b) If any of the specimens originally selected to represent a lot 
of material contains surface defects not visible before testing but 
visible after testing, or if a tension test specimen fails to meet the 
physical requirements of Section 4 and breaks outside the middle 
third of the gage length, as indicated by scribe scratches marked on the 
specimen before testing, the individual specimen shall be rejected and 
one retest from a different plate will be allowed. If the retest also 
fails, the plates represented by such test will be rejected. 
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TABLE I.—PERMISSIBLE VARIATIONS OF RECTANGULAR PLATES ORDERED 
TO WEIGHT. 


A.S.T.M. DEsIGNATION: A 42 


-35 T 


Permissible Variations in Average Weights per Square 
q Foot of Plates for Widths Given, 
hha Expressed in Percentages of Ordered Weights 
Ordered Under} 48to | 60 72to | 84to | 96to | 108to| 120 132 in. 
Weight, 48 in. | 60in.,| 72in.,| 84in.,| 96in., | 108 in.,] 120in.,| 132in.,) or 
Ib. per aq. ft. excl excl. | excl. | excl exc. excl. | excl. | over 
(2/2 
Under 5 |6 |7 |. 
6 to 7.5excl.| 4.5538 |5 |3 |5.5)3 16 13 |. 
75°10 “ 1413 14553 15 |55)3 |6 13 17 13 |8 13 
00 “125 13 1451/3 15 13 15513 16131713 |3 | 9 13 
25°15 “ |3 |3 14513 15 |3 15513 16 1/3 |7 13 |8 
1 “17.5 “ | 2.5) 2.5)3 | 2.5) 3.5) 2.5) 4 13 15 13 16 13 13 
17520 “ | 2.5) 2 | 2.5] 2.5) 3 | 2.5) 3.6) 2.5)4 13 | 4513 13 16 13 
0 12 12 | 2.5/2 | 2.6) 2.5/3 | 2.5/3.5) 2514 |3 (4513 13 | 5.5/3 
“30 “ |2 | 25)2 | 2.5) 2.5/3 | 14 13 14513 15 13 
30°40 |2 1/2 |2 |25)2 | 2.5) 2.5)3 | 13 | 4.5/3 
40 or over 12/2 |2.5)2 | 2.5) 25,3 | 14 13 


Ordered 
Weight, 
Ib. per sq. ft. 


.| Under 5 


5 to 7.5 excl. 
10 “12.5 
12515 “ 
“ws” 
75°20 “ 
* 
25 30 

30 ‘40 “ 


40 or over 


Nore.—The weight per square foot of individual plates shall not vary from the ordered weight by more than one 7 
and one-third the amount given in this table. 


TABLE II.—PERMISSIBLE OVERWEIGHTS OF RECTANGULAR PLATES ORDERED 
TO THICKNESS. 


Permissible Excess in Average Weights per 
Square Foot of Plates for Widths Given, 
Expressed in Percentages of Nominal Weights 
Ordered Ordered 
Thickness, in Thickness, in. 
Under | 48 to | 60to | 72to | 84to | 96 to | 108 to| 120 to | 132in. 
48in. | 60in., | 72in.,| 84in.,| 96in., | 108 in., | 120in.,|132in.,| or 
excl. excl. excl. excl. excl, excl, excl, over 
Under } 9 10 12 14 Under } 
to excl 8 9 10 12 } to excl 
7 3 9 10 12 
* 6 7 9 10 12 “4 | 6] 4% 
te" 5 6 7 9 10 12 14 71%" 
45 | 5 6 7 8 9 1 | 12 | 6 | 
45 | 5 6 7 4 9/ 0 | 123 |e" 
§« 35 | 4 4.5 5 6 7 9 u| 4“ 
i“ 2 « 3 35 | 4 45 | 5 6 7 4 2 
2° | 8 35 | 4 45 | 5 6 7 gs 
1 or over 2.5 2.5 3 3.5 4 4.5 5 6 7 | lor over 


Nore.—The weight of individual plates ordered to thickness shal! not exceed the nominal weight by more than one 
and one-third the amount given in this table. 
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694 TENTATIVE SPECIFICATIONS FOR WROUGHT-IRON PLATES 


Other Tests 


9. Where desired, the purchaser may, at his own expense, 
subject the material to chemical, microscopic, or other tests to deter- 
mine its quality in conformity with the intent of these specifications. 


Variations in Weight and Thickness 
10. The weight or thickness of plates shall be covered by the 


_ following permissible variations. One cubic inch of wrought iron is 


assumed to weigh 0.2776 lb. 

(a) Plates, When Ordered to Weight per Square Foot.—The weight 
of each lot! of plates in each shipment shall not vary from the weight 
ordered more than the amounts given in Table I. 

(b) Plates, When Ordered to Thickness —The thickness of each 
plate shall not vary more than 0.01 in. under that ordered. 

The overweight in each lot! of plates in each shipment shall not 
exceed the amounts given in Table II. 


Finish 
11. The plates shall be straight, smooth and free from cinder 


spots and holes, injurious flaws, buckles, blisters, seams and 


laminations. 


Marking 
12. The plates shall be stamped or otherwise marked as designated 
by the purchaser. 


Inspection 


13. (a) The inspector representing the purchaser shall have free 
entry, at all times while work on the contract of the purchaser is 
being performed, to all parts of the manufacturer’s works which 
concern the manufacture of the plates ordered. The manufacturer 
shall afford the inspector, without charge, all reasonable facilities to 
satisfy him that the plates are being furnished in accordance with 
these specifications. All tests and inspection shall be made at the 
place of manufacture prior to shipment, unless otherwise specified, 
and shall be so conducted as not to interfere unnecessarily with the 
operation of the works. 

(b) The purchaser may make the tests to govern the acceptance 
or rejection of plates at his own laboratory or elsewhere. Such tests, 
however, shall be made at the expense of the purchaser. 


1 The term “lot” as applied to Table I means all the plates of each group width and group weight 
As applied to Table II, it means all the plates of each group width and group thickness. 
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AS.T.M. DESIGNATION: A 42~—35 T 


Rejection 
14. (a) Unless otherwise specified, any rejection based on tests 
made in accordance with Section 13 (b) shall be reported within five 
working days from the receipt of samples. 
(b) Material which shows injurious defects subsequent to its 
acceptance at the manufacturer’s works will be rejected, and the 


manufacturer shall be notified. on > 
Rehearing 


15. Samples tested in ae with Section 13 (b), which 
represent rejected plates, shall be preserved for two weeks from the 
date of the test report. In case of dissatisfaction with the results of 
the tests, the manufacturer may make claim for a rehearing within 
that time. 
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FOR 
-WROUGHT-IRON RIVETS AND RIVET ROUNDS! 


A.S.T.M. Designation: A 152 - 35 T _ 


This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Head- 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1933; REVISED, 1935. 
A. Requirements for Rolled Bars 


MANUFACTURE 
Process 
The rivet bars shall be made from wrought iron? which shall 
be free from any admixture of iron scrap or steel. 
Note.—The term “iron scrap” applies only to foreign or bought scrap and does 
not include local mill products which are free from foreign or bought scrap. Any 


local mill products used shall be the equal or of a higher grade than the material 
specified. 


CHEMICAL PROPERTIES AND TESTS > 
Chemical Composition 

2. The wrought iron shall conform to the following requirement 
to chemical composition: 


Check Analyses 
. (a) Analyses may be made by the purchaser from a broken 
test specimen representing each lot, as specified in Section 7 (a). 
At the discretion of the purchaser, the chemical analysis may be 
made from a rivet. Each rivet so tested shall not represent more 
_ than 2000 Ib. of any one size. 
(b) Drillings for analysis shall be so taken as to represent the 
_ entire cross-section of the specimen. 


; 1 Under the standardization procedure of the Society, these specifications are under the jurisdiction 
_ of the A.S.T.M. Committee A-2 on Wrought Iron. 
: 2 Wrought iron is defined as follows in the Standard Definitions of Terms Relating to Wrought 
; Tron Specifications (A.S.T.M. Designation: A 81) of the American Society for Testing Materials: 
Wrought Iron.—A ferrous material, aggregated from a solidifying mass of pasty particles of highly 
refined metallic iron, with which, without subsequent fusion, is iam a minutely and uniformly 
4 distributed quantity of slag, 
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A.S.T.M. DEsIGNATION: A 152-35 T 


PHYSICAL PROPERTIES AND TESTS 
Tension Tests 


4. (a) The wrought iron shall conform to the following minimum 
requirements as to tensile properties: 


a rounds } to 3 in., incl., in diam....... 24 
a oP rounds over 3 to 2 in., incl., in diam... 28 


See Paragraph (0). 


(b) Rounds under } in. in diameter will not be required to meet 
an elongation requirement. . 

(c) The yield point shall be determined by the drop of the | 
beam or halt in the gage of the testing machine. 


Bend Tests 4s 


5. (a) Quenched, Cold-bend Tests——A test specimen shall be 
heated between 1600 and 1700 F. (870 and 925 C.), and quenched a 
cold water, after which it shall stand being bent cold through 90 deg. 
on a radius which is equal to the diameter of the specimen without 
fracture on the outside of the bent portion. 

(b) Nick-bend Tests.—A test specimen, when nicked 25 per cent — 
around the circumference with a tool having a 60-deg. cutting edge, 
to a depth of not less than 8 nor more than 16 per cent of the diameter 
or thickness of the specimen, and broken slowly, shall show a wholly 
fibrous fracture. 

(c) Hot-bend Tests.—A test specimen, when heated to a temper- 
ature between 1700 and 1800 F. (925 and 980 C.), shall stand being 
bent through 180 deg. flat on itself without fracture on the outside 
of the bent portion. 


(2) Bend tests may be made by pressure or blows. 


Test Specimens 


6. All test specimens shall be 


of the full section of the material 


Number of Tests 


__ 7. (a) All bars of a given size shall be piled separately, sorted 
in lots of 100 each. Two bars shall be selected at random from each 
lot or fraction thereof and tested as specified in Sections 4 to 6. 

(b) If any of the specimens originally selected to represent a lot 
of material contains surface defects not visible before testing but 
Visible after testing, or if a tension test specimen fails to meet the 
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698 TENTATIVE SPECIFICATIONS FOR WROUGHT-IRON RIVETS 


physical test requirements of Section 4 and breaks outside the middle 
third of the gage length, as indicated by scribe scratches marked on 
the specimen before testing, the individual specimen shall be rejected 
and one retest from a different bar will be allowed. 


Micrographic Examination 

8. In case of doubt as to the presence of steel, the purchaser 
may, at his own expense, make micrographic examination to assist 
in determining whether the material conforms to the requirements 
of Section 1. 


Permissible Variations 
9. The diameter of rivet bars shall not vary from that specified 
by more than the amount given in the following table: 


PERMISSIBLE OuT oF 
VARIATIONS Rounp, | 
DIAMETER, IN. DIAMETER, IN. IN. 


Up +0.007 0.010 
q 


Over 1 to 13, +0.012 0.016 

Finish 


10. The bars shall be smoothly rolled and shall be free from 
slivers, depressions, crop ends and seams, and shall show no evidence 
_ of being burnt 


INSPECTION AND REJECTION 
Inspection 


11. (a) The inspector representing the purchaser shall have free 
entry, at all times while work on the contract of the purchaser is 


being performed, to all parts of the manufacturer’s works which con- I 
cern the manufacture of the material ordered. The manufacturer 
shall afford the inspector, without charge, all reasonable facilities to ( 
satisfy him that the bars are being furnished in accordance with \ 
these specifications. Tests and inspection at the place of manu- aa 
facture shall be made prior to shipment. f 
(0) The purchaser may make the tests to govern the acceptance | 
or rejection of material in his own laboratory or elsewhere. Such s 
tests, however, shall be made at the expense of the purchaser. s 
(c) All tests and inspection shall be so conducted as not to inter- S 
_fere unnecessarily with the operation of the works. a N 
Rejection 
12. (a) All bars of one size in any one lot will be rejected if ‘the 7 
test specimens representing that size and lot do not conform to the ar 
specified. 
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(b) Unless otherwise specified, any rejection based on tests 
made in accordance with Section 11 (6) shall be reported within 


five working days from the receipt of samples. . ae 
Rehearing 


13. Samples tested in accordance with Section 11 (b), which 
represent rejected material, shall be preserved for two weeks from 
the date of the test report. In case of dissatisfaction with the results 
of the tests, the manufacturer may make claim for a rehearing within | 
that time. 


B. Requirements for Finished Rivets ‘ 

Material 
14. The material used in the manufacture of the rivets shall 
conform to the requirements for rolled bars as specified in Sections 1 
to 13,inclusive. ; 


Fic. 1.—Flattening Test. 
PHYSICAL PROPERTIES AND TESTS 
Flattening Test 


15. The rivet head shall stand being flattened, while hot, to a 
diameter two times the diameter of the shank, as shown in Fig. 1, 


without cracking at the edges. 


16. The rivet shall be split longitudinally through head and 
shank. After grinding or polishing and etching in acid,! the section 
shall show freedom of folds at base of head, and the fiber lines shall 
show symmetrical displacement. (See Fig. 2). 


Number of Tests 


17. Three flattening and three etch tests shall be made from 


?A solution of 10 per cent hydrochloric acid (sp. gr. 1.19), 30 per cent sulfuric acid (sp. gr. 1.84), 


and 60 per cent water; or 25 per cent nitric acid (sp gr. 1.42) and 75 per cent water, is recom- 
mended for the etch test. 


a 
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each lot of 2000 lb. or less of any one diameter of rivets offered for 
inspection, each of which shall conform to the requirements specified 


in Sections 15 and 16.__- 
WORKMANSHIP AND FINISH 


Workmanship and Finish 


18. The rivets shall be true to form and concentric, shall be 
made in a workmanlike manner, and shall be free from injurious 
defects. ‘The heads shall not show cracks or splits on the edge but 
may contain a slight flash. 


INSPECTION AND REJECTION _ So 


19. The inspector representing the purchaser shall have free Sc 


Inspection 
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_ Fic. 2.—Showing Symmetrical Displacement of Fiber Lines After Etching Test. Ch 

entry, at all times while the work on the contract of the purchaser on 
is being performed, to all parts of the manufacturer’s works which 
concern the manufacture of the rivets ordered. The manufacturer 

shall afford the inspector, without charge, all reasonable facilities Be 
to satisfy him that the rivets are being furnished in accordance with 

these specifications. All tests and inspection shall be made at the wi 

place of manufacture of the rivets prior to shipment, unless other- th 

wise specified, and shall be so conducted as not to interfere unneces- an 

sarily with the operation of the works. 18 

an 

Rejection 
20. Rivets which show defects subsequent to their acceptance be 
at the manufacturer’s works will be rejected, and the manufacturer ‘ 


shall be notified. 
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TENTATIVE SPECIFICATIONS 


FOR 
UNCOATED WROUGHT-IRON SHEETS! 
A.S.T.M. Designation: A 162 — 35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters.of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1935. 
Scope 
1. These specifications cover wrought-iron? sheets for use in roofing, 
siding, for corrugating and other moderate forming requirements. It is 
not advisable to use such sheets where excessive forming, such as severe 
sharp right-angled bends, is required, or drawing operations where the 
material is severely stretched. 


Process 


2. All sheets shall be rolled from slabs, piles, or bars made from wrought 
iron, and shall be free from any admixture of iron scrap (Note) or steel. 
_ . Note.—The term iron scrap applies only to foreign or bought scrap and does not 
include local mill products which are free from foreign or bought scrap. Any local mill 
products used shall be the equal of or of a higher grade than the material specified. 
Chemical Composition 

3. The sheet shall conform to the following requirement as to chemical 
composition : 

0.05 


Bend Tests 


4. (a) Any part of the bend test specimen shall stand being bent cold 
without fracture as follows: Where the line (axis) of the bend is parallel to 
the length of the sheet, 180 deg. over seven thicknesses of the material; 
and where the line (axis) of the bend is parallel to the width of the sheet, 
180 deg. over three thicknesses of the material. A vise with smooth jaws 
and operated by hand shall be used for making the bend test. 

(b) The bend test specimens shall be from 3 to 4 in. in width and shall 
be cut from the test sheet at least 4 in. from the end and 2 in. from the 
AS rander the standardization procedure of the Society, these specifications are under the jurisdiction of the 

Committee A-2 on Wrought Iron. 
ficaté fought iron is defined as follows in the Standard Definitions of Terms Relating to Wrought Iron Speci- 
ons (A.S.T.M. Designation: A 81) of the American Society for Testing Materials: 


metaliin ae Tron.—A ferrous material, aggregated from a solidifying mass of pastry particles of highly refined 
Jc iron with which, without subsequent fusion, is incorporated a minutely and uniformly distributed 


Quantity of slag. 
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_| 


702 SPECIFICATIONS FOR UNCOATED WROUGHT-IRON SHEETS 


side. } These specimens, so far as practicable, shall be cut from sheets that 
are imperfect outside the zone from which the specimens are to be taken. 
» (c) The bend test shall be made on a specimen from one sheet in each 
lot of 250 sheets or fraction thereof of each gage. 
(d) If any test fails to meet the requirements, a retest shall be made 
from two other sheets of the same lot, both of which shall meet the 


requirements. =" 
Weight - 


5. (a) The weight per square foot shall conform to the following 
requirements: 


WwW EIGHT ‘THICKNESS, THICKNESS, 
PER SQUARE Foot, FRACTIONS DECIMALS 


GAGE - LB. OF AN INCH OF AN INCH 


(b) A permissible variation in tonnage weight of 22 per cent over or 
under for gages Nos. 17 to 28, inclusive, and 5 per cent over or under for 
gages No. 16 and heavier shall be allowed. 


Dimensions 

6. Sheets shall conform to the dimensions specified, within the per- 
missible variations prescribed in the following Paragraphs (a) to (c): 

(a) The width shall not be less than specified, but may be } in. over 
for sheets 48 in. or less in width, and 3 in. over for sheets over 48 in. in 
width. 

(b) The length shall not be less than that specified, but for sheets 
96 in. or less in length it may be 3 in. greater. For each 24 in. or fraction 
thereof over 96 in., the permissible variation may be increased } in. over 4 in. 

(c) When sheets are required accurate to size, they shall be ordered 
‘‘re-squared.” Re-squared sheets shall not be less than the ordered width 
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t and length and shall not be more than jg in. over the ordered width and 

L. length, except for sheets over 48 in. in width or over 120 in. in length, in 

h which case the permissible variation over the ordered size shall be { in. 
Marking 

le 


7. The top sheet of each bundle or the top sheet of a number of sheets 
when shipped loose, shall show legibly the name and brand of the manu- 
facturer, gage and size, unless otherwise ordered. 


Inspection 
IB 8. The inspector representing the purchaser shall have free entry, at 
all times while work on the contract of the purchaser is being performed, 
to all parts of the manufacturer’s works which concern the manufacture 
of the material ordered. The manufacturer of the material ordered shall 
aflord the inspector, without charge, all reasonable facilities to satisfy him 
that the material is being furnished in accordance with these specifications. 
All tests and inspections shall be made at the place of manufacture prior 
to shipment, unless otherwise specified, and shall be so conducted as not 
to interfere unnecessarily with the operation of the works. 


Rejection 
9. (a) Sheets represented by samples which fail to conform to the 
requirements of these specifications will be rejected, and the manufacturer 
shall be notified. 
(b) Samples tested in accordance with these specifications which repre- 
sent rejected material shall be preserved for two wecks from the date of the 
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TENTATIVE SPECIFICATIONS 
FOR 
ZINC-COATED (GALVANIZED) WROUGHT-IRON SHEETS! 


A.S.T.M. Designation: A 163-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1935. 

Scope 

1. These specifications cover wrought-iron? sheets for use in culverts, 
roofing, siding, for corrugating and moderate forming, with four classes of 
zinc coatings applied by the hot-dip process as follows: 

Classes A and B.—Extra-heavy and heavy coated sheets that are not 
intended to be formed other than by corrugating and curving to large radii. 

Class C.—Moderately heavily coated sheets for moderate bending. 

Class D.—Ordinary sheets for general utility. These coatings approx- 
imate those of Class C except in the medium and light gages, in which class 
the coating may be appreciably lighter. No definite weight of coating is 
guaranteed and sheets are not subject to coating tests. 
Process 

2. All sheets shall be rolled from slabs, piles or bars made from wrought 
iron,” and shall be free from any admixture of iron scrap (Note) or steel. 


Note.—The term iron scrap applies only to foreign or bought scrap and does not 
include local mill products which are free from foreign or bought scrap. Any local mill 
products used shall be the equal of or of a higher grade than the material specified. 


Chemical Composition 

3. The base metal of the sheets shall conform to the following require- 
ment as to chemical composition: 

Weight of Coating 

4. The weight of the zinc coating shall conform to the requirements 
specified in Tables I and II. Different methods of sampling and testing 
give different results as indicated in Table II. The purchaser shall specify 
which method shall be used. The weight of coating is the total coating, 
expressed in ounces, on both sides of a sheet 1 ft. square. 


Weight of Coating Tests 
5. (a) Weight Test:—The weight test is to be preferred and shall 
consist of a 10-sheet lot of a light gage, or a 5-sheet lot of No. 16 gage or 


1 Under the standardization procedure of the Society, these specifications are under the jurisdiction of tH 
A.S.T.M. Committee A-2 on Wrought Iron. : 

2 Wrought iron is defined as follows in the Standard Definitions of Terms Relating to Wrought Iron Speci 
fications (A.S.T.M. Designation: A 81) of the American Society for Testing Materials: . - 

Wrought Iron.—A ferrous material, aggregated from a solidifying mass of pasty particles of highly refin 
metallic iron with which, without subsequent fusion, is incorporated a minutely and uniformly distribu 


quantity of slag. 
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heavier. The weight test shall be performed in accordance with the shop 
weighing method as described in Sections 2 to 4 of the Standard Methods 
of Determining Weight and Uniformity of Coating on Zinc-Coated (Gal- 
vanized) Iron or Steel Articles (A.S.T.M. Designation: A 90) of the Ameri- 
can Society for Testing Materials.'_ The average of the weight tests shall 
be determined from not less than ten successive weight tests that have 
met the requirements of these specifications as provided in Section 8 (a). 


TABLE I.—DESIRED OR ORDERED WEIGHT OF COATINGS IN 
OUNCES PER SQUARE Foot. 


GALVANIZED SHEET GAGE Crass A Crass B Crass C Crass D 

2.75 2.50 1.73 Section 1) 


TABLE II.—MINIMUM WEIGHT OF COATING LIMITS IN OUNCES PER SQUARE Foor. 


Average of © Any One Average of © Any One 


Class Average of Any One Triple Triple Minimum Minimum 
According to Desired or Weight Weight Spot Spot Spot 

Ordered Coating Tests Test Tests Test Tests est 
2.60 2.45 2.40 2.30 2.20 2.00 
2.30 2.20 2.15 2.00 1.95 1.80 
2.10 2.00 1.95 1.80 1.75 1.60 
1.65 1.55 1.50 1.35 1.30 1.20 
1.40 1.30 1.25 1.15 1.10 1.00 
1.15 1.10 1.05 0.95 0.90 0.85 


(b) Triple Spot Test.—The triple spot test shall consist of the average 
of determinations from the three specimens cut from the test sheet as pro- 
vided in Sections 7 and 8 (b). The average of triple spot tests shall be 
determined from not less than ten successive triple spot tests and shall 
include all such tests made. 

(c) Minimum Spot Test.—The minimum spot test shall be that one of 
the three specimens of the triple spot test bearing the lightest coating, or 
the purchaser may select a single specimen taken from any part of the 
sheet, at least 2 in. from the side and 4 in. from the end. ‘The average of 
the minimum spot tests shall be determined from not less than ten successive 
minimum spot tests and shall include all such tests made. 

(d) The weight of the zinc coating by triple and minimum spot tests 
shall be determined by the hydrochloric acid-antimony chloride, or sulfuric- 

1933 Book of A.S.T.M. Standards, Part I, p. 317. 
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L Determining Weight and Uniformity of Coating on Zinc-Coated (Galvan- 
ized) Iron or Steel Articles (A.S.T.M. Designation: A 90) of the American 

Society for Testing Materials! The weight of coating, in ounces per 
_ square foot, is numerically equal to that determined in grams from a sample 
in. square. 


Bend Tests 
6. (a) Base Metal Tests.—Any part of the test specimen specified in 
Section 7 shall stand being bent cold without fracture of the base metal as 
follows: Where the line (axis) of the bend is parallel to the length of the 
_ sheet, 180 deg. over seven thicknesses of the material; and where the line 
_ (axis) of the bend is parallel to the width of the sheet, 180 deg. over three 
thicknesses of the material. A vise with smooth jaws and operated by 
_ hand shall be used for making the bend tests. 

(b) Coating Tests.—Sheets of Classes A and B of the following gages 
shall stand corrugating and also subsequent curving, as given below, with- 
out flaking of the coating. The corrugation for these tests shall not be 
_ less than 23 in. in width and not more than 2 in. in depth. 


GAGE DIAMETER OF CIRCLE 


For sheets of Class C of No. 16 gage and lighter, any part of the test 
; specimen specified in Section 7 shall stand being bent with the line (axis) 
of the bend parallel to the width of the sheet through 180 deg. over three 
_ thicknesses of the material without flaking of the coating. 


Test Specimens 

7. For the triple and minimum spot tests, three specimens exactly 
} in. square shall be cut from each test sheet, one being cut from the center 
and the others from diagonally opposite corners, but at least 4 in. from the 
end and 2 in. from the side. The bend test specimens shall be from $ to 
4 in. in width and shall be cut from the test sheet at least 4 in. from the 
: end and 2 in. from the side. These specimens, so far as practicable, shall 
be cut from sheets that are imperfect outside the zone from which the 

‘ specimens are to be taken. 


_ Number of Tests 
8. (a) Weight tests shall be made of not less than 1 per cent of the 

sheets of each gage and ordered coating, or at approximately hourly periods. 
Tf an inspector representing the purchaser witnesses and accepts weight 


11933 Book of A.S.T.M. Standards, Part I, p. 317. _ a 
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tests, the triple and minimum spot tests shall not be made. If a certificate 
of weight tests be accepted, the triple and minimum spot tests shall not 
be made. 

(b) The bend and spot tests, if required, shall be made from one sheet 
in each lot of 250 sheets or fraction thereof, of each gage and ordered 
coating. 

(c) If any test fails to meet the requirements of these specifications, 

a retest shall be made from two other sheets in the same lot, both of which 
shall meet the requirements. Oo 


Dimensions and Permissible Variations 


9. The sheets shall conform to the dimensions specified within the 
permissible variations prescribed in the following Paragraphs (a) to (c): 

(a) The width shall not be less than that specified but may be } in. 
over for sheets 48 in. or less in width, and 2 in. over for sheets over 48 in. 
in width. 

(6) The length shall not be less than that ordered, but for sheets 
96 in. or less in length it may be ? in. greater. For each 24 in. or fraction 
thereof above 96 in., the permissible variation shall be increased } in. 
over ? in. 

(c) When sheets are required accurate to size, they shall be ordered 
“re-squared.”” Re-squared sheets shall not be less than the ordered width 
and length and shall not be more than ;; in. over the ordered width and 
length, except in the case of sheets over 48 in. in width or over 120 in. in 
length, in which case the permissible variation from the ordered size shall 
be $ in. Should the sheets be re-squared before galvanizing, double the 


foregoing tolerances are permissible. 
Weight 


10. The gage of galvanized sheets shall be determined by weight only. 
The weight per square foot of galvanized sheet shall conform to the follow- 
ing requirements within the permissible variations prescribed in Table III: 


WEIGHT OF WEIGHT OF 
GALVANIZED SHEETS, GALVANIZED SHEETS, 
ALL CLASSES ALL CLASSES 
ALVANIZED SHEET OZ. PER LB. PER GALVANIZED SHEET OZ. PER LB. PER 
Gace SQ. FT. SQ. FT. GAGE SQ. FT. SQ. FT. 
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Finish 


11. 
from injurious defects, flux and uncoated spots. 
Marking 


sheets when shipped loose, shall show legibly the name and brand of the 
_ manufacturer, class, gage and size, unless otherwise ordered. 


Inspection 

13. The inspector representing the purchaser shall have free entry, 
at all times while work on the contract of the purchaser is being performed, 
to all parts of the manufacturer’s works which concern the manufacture of 
the material ordered. The manufacturer shall afford the inspector, without 


TaBLeE III.—PERMISSIBLE VARIATIONS IN WEIGHTS OF SHEETS, PLUS OR MINUS, IN 
PERCENTAGE OF THEORETICAL WEIGHT? 


GALVANIZED SHEET GAGE NUMBER ALL OF ONE 
Licuter Not LIGHTER GAGE AND SIZE IN SINGLE SINGLE 
THAN THAN SHIPMENT? PACKAGES SHEETS 


y If sheets be ordered to minimum or maximum tolerances only, double the tolerance specified in the above 
table : shall be allowed on the permissible side. 
6 All of one gage and size on shipment shall apply to lots of not less than 6000 Ib. 


charge, all reasonable facilities to satisfy him that the material is being 
furnished in accordance with these specifications. All tests (except triple 
and minimum spot tests) and inspection shall be made at the place of 
manufacture prior to shipment, unless otherwise specified, and shall be so 
conducted as not to interfere unnecessarily with the operation of the works. 


Rejection 
14. Sheets represented by samples which fail to conform to the re- 
_ quirements of these specifications will be rejected and the manufacturer shall 


be notified. 


4 Rehearing 

15. Samples tested in accordance with Section 8 (b), which represent 
rejected material, shall be preserved for two weeks from the date of the 
test report. 


The finished sheet shall be of first-class commercial quality, free 


12. The top sheet of each bundle, or the top sheet of a number of 


@ References are to gross weight of bundled material and to net weight of crated and boxed material’ 
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TENTATIVE SPECIFICATIONS 
FOR 


AUTOMOTIVE GRAY-IRON CASTINGS! 


A.S.T.M. Designation: A 159 —- 35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1935. 


These Specifications are Identical in Substance with the S.A.E. Standard for Automotive 
Gray-Iron Castings. 


Scope 
1. These specifications cover gray-iron castings used in the automo- 

tive and allied industries. 

Melting Practice 


2. If desired, melting procedure may be specified by agreement be- 
tween the manufacturer and purchaser. 


PHYSICAL PROPERTIES AND TESTS 
Hardness 


3. The hardness of castings shall conform to the requirements shown 
in Table I for plain cast iron and in Table II for alloy cast iron. 


Hardness Tests 

4. Hardness tests shall be made on the castings on those portions 
specified. If desired, by agreement between the manufacturer and pur- 
chaser, hardness tests on test bars may be specified as a means of cor- 
relation with the hardness of castings. 


Transverse Strength 

5. The transverse test bar when placed horizontally upon supports 
and ae under a centrally applied load shall conform to the requirements 
shown in Table I for plain cast iron and in Table II for alloy cast iron. 
The values shown in Tables I and II are for the 1.2-in. diameter bar. 
Tests 

». Transverse tests shall be made on arbitration bars as described in 
the bene Specifications for Gray-Iron Castings (A.S.T.M. Designa- 
tion: A 48-35 T) of the American Society for Testing Materials.2 In 


the Ao the standardization ny ay of the Society, these specifications are under the jurisdiction of 
1 See A-3 on Cast Iron. 
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case the size of the transverse test bars is not specified, the 1.2-in. diameter 


bar shall be used. 


Tensile Strength 


7. Tension tests are not recommended as a part of these specifications 


of the casting where specified. 


TABLE I.—PHYSICAL PROPERTIES? OF PLAIN CAST IRON. 


except upon mutual agreement between the manufacturer and purchaser. 
In general, tension tests are for information only. 
are made, the tension test specimens shall be machined from that portion 
The dimensions of the tension test speci- 


Where tension tests 


Rockwell “ B,” 98 to 106 


Tensile 
Transverse | Transverse 
Hardness° Strength, Deflection, 
min., min., in. Ib. per eq. in 
sections: Brinell, 192 max. 
Sections over 4 in: Brinell, 163} .... eee 
max. 
1800 0.20 30 000 


Uses 


Miscellaneous 
soft iron 
castings 


Cylinders, 
flywheels, 
transmission 
cases 


Piston rings 


* For more complete information on physical properties, etc., see A.F.A.-A.S.T.M. Symposium on Cast Iron, Proceedings 
Am. Soe. Testing Mats., Vol. 33, Part II, p. 115 (1933). 


* These numbers are identical with corresponding S.A.E. numbers in the Standard Specifications for Automotive Gray- 
Iron Castings of the Society of Automotive Engineers. 


¢ Brinell hardness tests are to be made using 10-mm. ball and 3000-kg. load. 


TABLE II.—PuHySICAL PROPERTIES? OF ALLOY CasT IRON. 


— 


Transverse | Transverse Pe 
Hardness¢ Strength, | Deflection, | My Uses 
min., lb. Ib. Ib. per sq. in. 

OU cavdncnadewhdnssabesdaeenteannere Brinell, 207 to 241 2200 0.20 min. 35 000 Cylinders 
Brinell, 179 to 212 2700 0.27 to 0.37 40 000 Cylinders 
Brinell, 217 to 248 3300 0.30 to 0.36 45 000 Cylinders 
Brinell, 212 to 241 2400 0.20 to 0.30 37 500 Cylinder liners 
125. Brinell, 207 to 241 2500 0.24 to 0.34 37 500 sprockets 


@ For more complete information on physical properties, etc., see A.F.A.-A.S.T.M. Symposium on Cast Iron, Proceedings, 
Am. Soc. Testing Mats., Vol. 33, Part II, p. 115 (1933). . 
© These numbers are identical with corresponding S.A.E. numbers in the Standard Specifications for Automotive Gray- 
Iron Castings of the Society of Automotive Engineers. 
£ Brincll hardness tests are to be made using 10-mm. ball and 3000-kg. load. 


men will be governed by the section of the casting from which it is machined. 
The tensile strengths shown in Table I for plain cast iron and in Table Il 
for alloy cast iron refer to test specimens machined from castings. If 
desired, by mutual agreement between the manufacturer and purchaser, 
tension test specimens may be machined from arbitration test bars and 
tested in accordance with the Tentative Specifications for Gray-Iron Cast- 
ings (A.S.T.M. Designation: A 48-35 T) of the American Society for 


Testing Materials." 


1 See p. 713. 
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cast iron 


Chemical Composition 

8. (a) Plain Cast Iron.—The analyses in Table III are typical of 
plain cast iron but are not to be construed as required. 
dry practice the physical properties given in Table I are usually met when 
the indicated analysis is used, although some variations from the suggested 
compositions may be necessary. 

(b) Alloy Cast Iron.—The analyses in Table IV are typical of alloy 
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CHEMICAL COMPOSITION 


With good foun- 


but are not to be construed as required. With good foundry 


TABLE III.—CHEMICAL COMPOSITION OF PLAIN CasT IRON. 


No.? 


Total 
Carbon, 
per cent 


Combined 
Carbon, 
per cent 


Manganese, 
per cent 


Phosphorus, 
per cent 


Sulfur, 
max., 
per cent 


Silicon, 
per cent 


110. 


3.4540.15 


3.25+0.15 


3.4540.15 


0.60+0.10 


0.60+0.10 


0.60+0.10 


0.30 max. 


0.20 max. 


0.60+0.15 


0.13 


0.13 


0.10 


2.50+0.10 


2.20+0.10 


2.90+0.10 


Uses 
Miscellaneous 


soft iron 
castings 


> 
flywheels, 7 


transmission 
cases 


| Cylinders, 


Piston rings 


ye Iron Castings of the Society of Automotive Engineers. 


TABLE IV.—CHEMICAL COMPOSITION OF ALLOY CAsT IRON. 


* These numbers are identical with corresponding 5.A.E. numbers in the Standard Specifications for Automotive Gray- 


Total 
Carbon, 
per cent 


Combined 
Carbon, 
per cent 


Manganese, 
per cent 


Phosphorus, 


Sulfur, 


Silicon, 
per cent 


Uses 


3.2540.15 
3.25+0.15 
3.00+0.15 
3 2540.15 
3.154+0.15 

3.254+0.15 
2.80+0.15 


0.65+0.10 
0.60+0.10 
0.65+0.10 
0.83+0.10 
0.50+0.10 
0.65+0.10 
0.60+0.10 


0.60+0.10 
0.70+0.10 
0.75+0.10 
0.65+0.10 
0.60+0 10 
0.60+0.10 
0 50+0.10 


Cylinders 
Cylinders 
Cylinders 
Cylinder liners 


sprockets, 


Brake drums, 


clutch plates 


3.40+0.15 | 0.40+0.10 | 0.60+0.10 istons 


* These numbers are identical with corresponding S.A.E. numbers in the Standard Specifications for Automotive Gray- 
Iron Castings of the Society of Automotive Engineers. 


practice the physical properties given in Table II are usually met when the 
indicated analysis is used, although some variations from the suggested 
d. compositions may be necessary. Due to specific service requirements, 
II costs, and the variables in foundry practice in influencing results, likewise, 
If the possible variations in combinations of the alloying constituents, the 
kinds and amounts of the alloying elements used should be a matter of 
mutual agreement between the manufacturer and purchaser upon specific : 
classes of castings. In general, one or more of the elements chromium, ' 
copper, molybdenum and nickel should be used. 


= 
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| 
per cent per cent 
0.20 0.12 2.25+0.1 
_ 0.20 0.12 2.35+0.1 
0.15 0.12 2.05+0.1 
0.20 0.12 2.00+0.1 
_ 0.20 0 00+0.1 
0.20 0 > 00+0.1 
0.20 0 30+0.1 
ngs, 
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“Chemical Analyses 


9. Analyses, especially in the case of combined carbon, will depend to 
a large extent upon the section of the casting from which the drillings are 
taken. In all cases the location from which the sample for chemical 
analysis is selected shall be a matter of mutual agreement between the 
manufacturer and purchaser. 


| 


WORKMANSHIP AND FINISH 
Workmanship and Finish 


10. (a) Castings shall represent good foundry practice. Son 
(0) Castings shall be smooth and clean and shall be free from flaws 


_ and de fects. Sco; 
(c) In other respects the castings shall conform to special requirements 
- mutually agreed to by the manufacturer and purchaser. by 
Machinability la 
11. Castings shall machine satisfactorily. 
INSPECTION AND REJECTION 
Inspection 
12. The inspector representing the purchaser shall have free entry at on 
all times to all parts of the manufacturer’s work which concern the manu- 
facture of the castings ordered. ‘The manufacturer shall afford the in- = 


_spector all reasonable facilities to satisfy him that the castings are being 
furnished in accordance with these specifications. 


Rejection 

13. All castings which fail to conform to any of the provisions of 
these specifications shall be subject to rejection. Castings which show 
injurious defects subsequent to their acceptance at the manufacturer's 


_ works will be rejected and the manufacturer shall be notified promptly. oe 
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TENTATIVE SPECIFICATIONS 
FOR 
GRAY-IRON CASTINGS! 
A.S.T.M. Designation: A 48 - 35 T 
This is a Tentative Standard and under the Regulations of the Society is subject to 


annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssUED, 1932; REVISED, 1935. 


Scope 


1. These specifications cover general gray-iron castings not covered 
by other existing specifications of the American Society for Testing 
Materials. These specifications apply to gray-iron castings where strength 
isa consideration. It is a purpose of these specifications to classify cast 
irons in respect to tensile strength. 


PHYSICAL PROPERTIES AND TESTS 


Tensile Strength Classification 


2. Gray-iron castings conforming to these specifications shall be known 
and listed by classes (Notes 1, 2 and 3), according to minimum tensile 


strengths of test bars as follows: 
TENSILE STRENGTH, 


MINIMUM, 
CLass LB. PER SQ. IN. 


Transverse Test 


3. (a) Transverse tests shall be optional and the following minimum 
breaking loads are specified: 


Transverse Test Bar...... 0.875 in. in Diameter 1.2 in. in Diameter 2.0 in. in Diameter 
12-in. Supports 18-in. Supports 24-in. Supports 
c BREAKING LOAD AT BREAKING LoaD AT BREAKING LOAD AT 
LASS CENTER, MIN., LB. CENTER, MIN., LB. CENTER, MIN., LB. 
900 1800 6 000 
1025 2000 6 800 
No. 1150 2200 7 600 
No. enn 1400 2600 4 9 100 
No. Reet 1675 3000 10 300 


1 Unde 
the ASTM. 
These 
tron Casti: 
as 


é lization procedure of the Society, these specifications are under the jurisdiction of 

- Committee A-3 on Cast Iron. 

Specifications are in effect a revision of, and replace the former Standard Specifications for Gray- 

Th (A.S.T.M. Designation: A 48 - 29) and Standard Specifications for High-Test Gray-Iron Cast- 
-M. Designation: A 88 - 31), which standards were accordingly discontinued in 1933. 


FOR GRAY-IRON CASTINGS 


(b) By mutual agreement between the manufacturer and purchaser, 
deflection values in the transverse test may be specified (Note 4). 

(c) The transverse breaking loads specified in Paragraph (a) are based 
on actual averages of transverse test loads for each class of casting. It is 
not implied by these specifications that the ratio of tensile strength to 
transverse load is constant. By agreement between the manufacturer and 
purchaser, tensile strength and transverse tests may be made and a range 
of transverse values determined. These values will then supersede the 
values specified in Paragraph (a). 

(d) When an iron is specified by class (No. 20, No. 25, etc.) and the 
transverse test bar fails to meet the load requirements specified in Para- 
graph (a), then the manufacturer shall have the right to have tested a 
tension test specimen machined from a broken end of the transverse bar. 
In the event that this tension specimen meets the requirements of the 
specified class, as given in Section 2, the class requirement shall be con- 
sidered as having been met, irrespective of the transverse breaking load. 


(oy 
DIMENSIONS 
DIAMETER LENGTH DISTANCE BETWEEN Suppor 
(a) (b) _ IN TRANSVERSE TEST 


Fic. 1.—Transverse Test Bars. 
Test Bars eens 
4. Test bars shall be cast separately from the casting. ‘Three standard 
sizes of transverse test bars are available under these specifications as 
shown in Fig. 1 (Note 5). Tension test specimens shall be machined from 
the transverse test bars to the dimensions shown in Fig. 2. 


Correlation of Test Bar and Casting 

5. (a) The manufacturer and purchaser shall agree upon the con- 
trolling section of the casting. ‘Then the corresponding test bar shall be 
used as follows: 


CONTROLLING SECTION NoMINAL DIAMETER OF 
OF CASTING Test Bar Test Bar as CAST 


a larger test bar may be used by mutual agree 

ment between the manufacturer and purchaser. 

(b) The correlation in Paragraph (a) is only approximate and may 
need modification for complicated castings. The test bar size for a give! 
casting may then be determined by mutual agreement between the manu: 
facturer and purchaser. 
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AS.T.M. DESIGNATION: A 48 — 35 T 


Molding and Pouring Test Bars 


6. Unless otherwise agreed upon by the manufacturer and purchaser, 
test bars shall be made under the same sand conditions as the castings 
(Notes 6 and 7). The bars shall be poured from a ladle or ladles of iron 
used to pour the castings. The test bars shall receive the same mechanical 
and thermal treatment as the castings. In the case of heat treatment, the — 
test bars are to be treated adjacent to the castings they represent. — 


Radius 
U §. Standard \ 


/ 
Thread 


k--—-aDia---> 
--b Dia-- 
<- cDia. > 


k------------------- 
DIMENSIONS OF TEST BARS 
_ DIMENSION Test Bar A Test Bar B Test Bar C 
Shall be equal or greater than (diameter) 
1.25 in. 1.50 in. 2} in. 
1.00 in. 1.00 in. 13 in. 
3.75 in. 4.00 in. 63 in. 


4 
Fic. 2.—Tension Test Specimens Machined from Transverse Test Bar. 


* Length of parallel. 


Tensile Strength Test Procedure 


_ 7. Tension test specimens shall fit the holders of the testing machine 
in such a way that the load shall be axial. The use of self-aligning shackles 
is recommended (Note 8). 


Transverse Test Procedure 


8. The transverse test shall be made on the bar as cast with central 
loading between supports. Corrections shall be made for sizes of bars as 
shown in Table I. Controlling dimensions shall be the diameter of the _ 
bar at the fracture. The rate of application of the load shall be such that 
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fracture is produced i in not less than 15 sec. for the 0.875-in. diameter bar; 
20 sec. for the 1.2-in. diameter bar; and 40 sec. for the 2.0-in. diameter bar. 


FOR GRAY-IRON CASTINGS 


_ Number of Tests 
9. The manufacturer shall prepare and furnish all test bars as agreed 
upon. ‘Two or more test bars shall be cast. 7 


 Retests 
10. (a) If a faulty or unsound test bar gives a result not in accord 
with the specifications, the result shall be disregarded and another test made. 
(b) In case of failure of a test bar to meet the specifications, a retest 


TABLE I.—CoORRECTION FACTORS FOR TRANSVERSE TEST BARS. 


In order to correct to the standard diameter, the breaking load and deflection obtained 
in testing the bar shall be divided by the respective correction factors. 


0.875-in. Diameter Bar 1.20-in. Diameter Bar 2.00-in. Diameter Bar 
Correction Factor Correction Factor Correction Factor 
Diameter of Diameter of Diameter of 
Test Bars, in. Test Bars, in. Test Bars, in. 
Deflection Load | Deflection 

1.091 1,053 

1. 1.081 3 1,047 
1.12 1.071 1,042 

1.1: 1 062 2. 1,037 

1. 1.053 | 1. 1,032 

1.1 1.043 3 1.026 

& 1.034 1. 1.021 

1.026 1.015 

1 1.017 3B 1.010 

5. 1.009 1.005 

1. 1.000 2. 1.000 

1. 0.992 2. OL 0.995 

1. 0.976 1.046 0.985 

1. 0.968 Sr 1.061 0.980 

0.960 1.076 0.976 

0.952 1,092 0,972 

1. 0.945 1.109 0.967 
Be £0) 1.125 0.962 

1, 1,158 0.952 


may be made. If the retest fails, the castings shall be rejected, except as 
provided for in Paragraph (c). 

(c) As provided for in Section 3 (d), when the transverse test bars 
fail to meet the specification requirements, tension test specimens may be 
machined from the broken ends of the transverse test bar. If the tension 

specimen meets the requirements of the specified class, the castings shall 
_ be accepted. 


CHEMICAL COMPOSITION 
_ Chemical Analysis 
11. It is the intent of these specifications to subordinate chemical 
composition to physical properties. By agreement between the manu- 
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ESIGNATION: A 48-35 T 


4 


facturer and purchaser, the quantities of any chemical elements in the 
cast iron may be specified. 


WORKMANSHIP AND FINISH - 


Workmanship and Finish 

12. The castings shall be true to pattern and free from cracks, gas 
holes, flaws and excessive shrinkage. Surfaces of the castings shall be free 
from burnt-on sand and shall be reasonably smooth. Runners, risers, fins 
and other cast-on pieces shall be removed. In other respects the castings 
shall conform to whatever points may be specially agreed upon between 
the manufacturer and purchaser. >. 


INSPECTION 


Inspection 
13. The inspector representing the purchaser shall have free entry at 
all times while work on the contract of the purchaser is being performed, 
to all parts of the manufacturer’s works which concern the manufac- 
ture of the castings ordered. The manufacturer shall.afford the inspector 
all reasonable facilities to satisfy him that the castings are being 
furnished in accordance with these specifications. All tests and inspection 
shall be made at the place of manufacture prior to shipment, unless other- 
wise specified, and shall be so conducted as not to interfere unnecessarily 


with the operation of the works. te 


CERTIFICATION 
Certification 
14. Upon request of the buyer, the manufacturer shall be prepared to 


certify that his product conforms to the requirements of these specifications. 


EXPLANATORY NOTES 


_ Nore 1.—Classes Nos. 20, 25 and 30 cover the ordinary grades of gray cast 
iron. Classes Nos. 35, 40, 50 and 60 would be considered high-strength irons, par- 
ticularly in medium and heavy sections. 


Note 2.—The higher-strength irons are usually more expensive to produce 
because of the following: 


(a2) Special melting methods; . 
(6) Possible use of expensive alloys; and 
(¢) Changed practice in molding and pouring. | 
(d) Improved technique and supervision. 
Nore 3.—In general, the higher-strength irons are more difficult to machine, 
also more difficult to produce in heavy sections. Consequently, specifying a stronger 


cast iron than is needed may result in unnecessarily increased costs in producing the 
casting and in machining. 
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Note 4.—In the transverse test, it is recommended that the deflections at frac- 
_ ture be recorded and reported. 


SPECIF 


ICATIONS FOR GRAY-IRON CASTINGS 


Cope 


= the span length or distance between supports in inches; 


Fic. Al.—Transverse Test Bar, 1.20-in. Diameter, Cast Horizontally. 


— 


Test Bars Spaced 


r 
ia 


la Dia (a ‘Dia 
Drag 
| 
uy Holes,4"Diameter ~x 
Plug © 
Gate Core 


Approximately 2" Apart 


Plan View of Cope 


\ 


Support for Flasks 
“A 


Floor Line 


Modulus of Rupture = 


the breaking load in pounds, and 


the diameter of the test bar in inches. 


Fic. A2.—Test Bar Cast on Incline. 
Arrangement of Flasks for Casting Test Bars. 


Ds 


Plan View of Drag Looking in Direction AA 


End of Flask to be 
Llevated Approximately 4” 


The modulus of rupture for any bar tested under these specifications can be 
ascertained by application of the following formula: 


2.546 LS 
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Note 5.—Test bars shall be plain, cylindrical shapes as shown in Fig. 1. Where 
bars are cast on end, allowance for draft may be made. However, the diameter at 
the center of the length must correspond to the nominal diameter, within the following 
permissible variations: 

PERMISSIBLE 


VARIATIONS 


Tension test specimens “cast to size” are not recognized in these specifications. 
Note 6.—A sound test bar is desired. Several methods of making transverse 
test bars are shown in Figs. A1, A2 and A3. All of these methods have been used and 


Oil Sand Core, 
Note Detail 3x2 Handles 
\ fi \ = Pattern Used for 


>A Making Recess in 
Mold for O1l Sand 
Core. 


2 


22 


>| ad 


e “44, 
~z Gates,5 
in Core Box 


“EK Ory 
| ore 


Test Bar Mold _ 


Section A-A Detail of Oil Sand Core 
Fic. A3.—Transverse Test Bar Cast Vertically. 


found to produce satisfactury results. Another method of making a transverse test 
is shown in Fig. 1 of the Standard Specifications for the Arbitration Test Bar 
and Tension Test Specimen for Cast Iron (A.S.T.M. Designation: A 124) of the 
merican Society for Testing Materials.' 
Note 7.—Test bars shall not be cleaned by tumbling unless the castings are so 


“leaned, or unless mutually agreed upon by the manufacturer and purchaser. 
Nore 8.—The use of ball and socket holders in the tensile strength test is recom- 


mended. Tests made under conditions where eccentric loadings may occur will give 
erroneous results, 


"1933 Bock of A.S.T.M. Standards, Part I, p. 496. 7 
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SPECIFICATIONS 

FOR 

“Teg CAST-IRON CULVERT PIPE! 
A.S.T.M. Designation: A 142 - 35 T 

This is a Tentative Standard and under the Regulations of the Society is subject 


to annual revision. Suggestions for revision should be addressed to the Head- 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1932; REVISED, 1934, 1935. 


Seage. 1. These specifications cover cast-iron pipe intended for use in 
the construction of culverts. 
Classes. 2. These specifications cover three classes of pipe: namely, 


Standard Cast-Iron Culvert Pipe; Heavy Cast-Iron Culvert Pipe, 
and Extra-Heavy Cast-Iron Culvert Pipe. 

3. (a) Each length of pipe shall be cast as a unit and shall have 
a full circular cross-section with outside and inside circumferences 
concentric. Unless otherwise specified, the pipe may be smooth, 
corrugated or ribbed. 

(b) The pipe shall be provided with suitable devices, such as 
hub ends or interlocking ends, to prevent displacement at joints. 


Type of 
Pipe. 


MANUFACTURE 


Material. 4. The pipe shall be manufactured of cast iron of good quality 

and of such character as shall make the metal of the castings strong, 

- tough and of even grain, and soft enough to admit satisfactorily of 

— drilling and cutting. The metal shall be made without any admixture 

of cinder iron or other inferior metal, and shall be remelted in a 
cupola, air-furnace, or electric furnace. 

Casting. 5. Pipe may be cast either vertically or horizontally in dry or 
green-sand molds or by centrifugal processes. 

Coating. 6. (a) All pipe shall be completely coated inside and out by 
immersion in coal-tar pitch varnish to which sufficient oil shall have 
been added to make a smooth coating, tough and tenacious when 

pes and not tacky nor brittle nor with any tendency to scale off. 
(b) Prior to dipping, the pipe shall be thoroughly cleaned of 
rust, loose scale, grease and dirt. 


1 Under the standardization procedure of the Society, these specifications are under the jurisdiction 
of the A.S.T.M. Committee A-3 on Cast Iron. 
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when tested under the following loads by the three-edge-bearing Beit’ 
method: 
LoaD, LB. PER Foot, 
CLASS OF onl oF LAYING LENGTH 
2000D 


A.S.T.M. DESIGNATION: A 142-35 T ] 


CHEMICAL PROPERTIES AND TESTS 


7. (a) The iron shall conform to the following ladle analysis Chemical 
viii as to chemical composition: Composition. 


Phosphorus, POF COME... 0.90 


(b) The metal in the barrel of the finished pipe shall contain not 
more than 0.90 per cent of combined carbon. The test sample for the 
determination of combined carbon shall be composed of drillings 
representative of the full thickness of the pipe barrel. 

(c) The manufacturer shall maintain a daily record of chemical 
analyses, and the portions of this record which concern pipe ordered - 
by a purchaser shall be open to the inspection of the purchaser at 
all times. 


PHYSICAL PROPERTIES AND TESTS 


8. (a) The pipe shall not fail and shall develop no cracks a 


NoTte.—D = nominal inside diameter of pipe in feet. 


(b) Pipe specimens tested for strength shall not be tested to 
destruction if they will sustain, without cracking, a load i0 per cent 
in excess of the specified load. If the purchaser desires tests to destruc- _ 
tion he shall specify on the order the number of such tests which will _ 
be required. 

9. (a) Smooth Pipe.—The wer bearing for the pipe shall consist Three-Edge- 
of two wooden strips with vertical sides having their interior top corners ene | 
rounded to a radius of approximately } in. The strips shall be straight 
and shall be securely fastened to a rigid block with the interior vertical 
faces spaced at a distance apart not less than 3 in. nor more than 1 in. a 
for each foot of nominal pipe diameter, with a minimum spacing of 
1 in. for any size of pipe. The upper bearing shall be a rigid wooden | 
block, straight and true from end to end. The upper and lower 
bearings shall extend the full length of the outside of the barrel of — 
the pipe exclusive of the bell, if any. The pipe shall be placed — : 
symmetrically between the two bearings and the center of the appli- _ : 
cation of load shall be at the center of the length of pipe, as illus- 
trated in Figs. 1 and 2. In testing pipe which is “out of line” the 
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722 TENTATIVE SPECIFICATIONS FOR CaST-lRON CULVERT PIPE 
lines of the bearings chosen shall be from those which appear to give 
the most favorable conditions for fair test. In testing pipe, the t] 
specimen shall be placed so that the upper bearing will be along the ci 
element. 
(b) Corrugated or Ribbed Pipe.—¥or corrugated or ribbed pipe 0 
the requirements for the three-edge-bearing method shall be the same ‘. 
a: 
te 
cl 
At least 6"x6"" 
FiG., 1.—Three-Edge Bearings for Pipe with Bell End. , 
a 
b 
th 
fo 
fu 
of 
©) 
m 
lower W 
Bearing-\ st 
Least 6"x6"” ql 
Fic. 2.—Three-Edge Bearings for Pipe Without Bell End. In 
a 
as described in Paragraph (a) for smooth pipe. In the case of corru- " 
gated pipe, the bearing blocks shall be placed in contact with the by 
| - outside crests of the corrugations. In the case of ribbed pipe, the 
bearing blocks shall be placed in contact with the tops of the transverse ” 
ribs. If the ribbed pipe has longitudinal ribs, the pipe shall be placed - 
so that the bearing blocks will be, as nearly as possible, midway 
between the longitudinal ribs. te 
poor 10. Any mechanically driven or hand-power device, which meets i 
the following requirements, may be used: 
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A.S.T.M. DESIGNATION: A 142-35 T 


(a) It shall be substantially built and rigid throughout so that — 
the distribution of the load to the specimen will not be affected appre- | 
ciably by the deformation or yielding of any part. 

(b) It shall provide for an approximately continuous application 7 
of load by means of a head which, during the test, moves at an approx- 


imately uniform rate not to exceed: 


0.05 in. per minute for pipe less than 24 in. in diameter 
0.10 in. per minute for pipe 24 to 36 in. in diameter 


0.20 in per minute for pipe more than 36 in. in diameter 


(c) It shall provide means for the determination of load with an 
error not greater than 2 per cent. 

11. The purchaser may require strength tests in such numbers Number of 
as he may deem necessary, provided that if the pipe meets the require- T°*** 
ments as to shell thickness and weight, the number of specimens 
tested shall not exceed three pipe or 5 per cent, whichever may be ; 
larger, of each size and class ordered. In placing an order the pur- 
chaser shall specify the number of strength tests which will be required. 

12. All pipe for purpose of tests shall be selected at random by Selection 
the purchaser from the stock of the manufacturer, or from the pipe ba A 
as delivered to the work, and shall be pipe which would not otherwise 
be rejected under these specifications. . 

13. The laying length of test specimens of pipe shall be not less Length 
than 3 nor more than 4 ft. If the manufacturer proposes to furnish, Suedetens. 
for use in the work, pipe having a length greater than 4 ft., he shall 
furnish for the required tests a sufficient number of test specimens 
of the required length. 

14. Pipe specimens shall be tested under a load 10 per cent in Testing and 
excess of the load specified for the particular class of pipe. Ship- a 
ments represented by specimens which sustain the specified load Specimens. 
without the development of cracks shall be accepted as fulfilling the 
strength requirements. Specimens of pipe which meet all other re-— 
quirements of the specifications and which sustain a load 10 per cent 
in excess of that specified without the development of cracks shall be 
accepted for use. The cost of specimens which fail to sustain the 
specified load, or a load 10 per cent in excess of that specified, shall be 
borne by the manufacturer. 

Note.—It is recommended that a test specimen’ which has been accepted for 
use be marked with a suitable identification symbol and be installed in the culvert - 
structure in such location as will subject it to the least severe loading. 


15. Pipe shall be acceptable under the strength tests when all Retests. 
test specimens fulfill the strength test requirements. Should any 
pipe fail to meet the test requirements, then the manufacturer will | 
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724 TENTATIVE SPECIFICATIONS FOR CAST-IRON CULVERT PIPE 


be allowed a retest on two similar specimens for each specimen that 
failed, and the pipe shall be acceptable only when all of these retest 
specimens fulfill the test requirements. No further retests shall be 
permitted. 
S1zES, WEIGHTS AND PERMISSIBLE VARIATIONS 
Diameter. 16. (a) The minimum nominal diameter of pipe shall be 12 in. 
aa (b) The minimum inside diameter of any pipe shall be not less 
than the nominal diameter by more than ¢ in. 


TABLE I.—-DIMENSIONS AND WEIGHTS OF SMOOTH CAST-IRON CULVERT PIprE. 


Standard Pipe Heavy Pipe Extra-Heavy Pipe 
(2000D) (3000D) (4000D) 
Nominal Diameter, in. 
Nominal Nominal Nominal Nominal Nominal Nominal 
Thickness, Weight per | Thickness, Weight per Thickness, Weight per 
in. Foot of in Foot of in. Foot of 
Barrel, lb.4 Barrel, Barrel, lb.* 
0.37 45 0.37 45 0.40 49 
0.37 52 0.40 57 0.46 65 
0.40 64 0.46 74 0.53 86 
0.42 76 0.52 95 0.60 110 
0.47 94 0.57 115 0.66 134 
0.56 135 0.69 167 0.80 195 
0.70 211 0.86 261 1.00 304 
0.84 304 1.03 374 1.20 438 
0.98 414 1.20 509 1.40 597 
1.12 540 1.38 669 1.60 779 


@ All weight values are per foot of barrel exclusive of hub. 


TaBLeE II.—DIMENSIONS AND WEIGHTS OF CORRUGATED CAST-IRON CULVERT 
AND RipBpep Cast-IRON CULVERT PIPE. 


STANDARD Pipe (2000D) 
NOMINAL 
WEIGHT PER 
NOMINAL NOMINAL Foot oF 
DIAMETER, IN. THICKNESS, IN. BARREL, LB. 
Length. 17. Unless otherwise specified, pipe shall have a minimum laying 
length of 3 ft. 
Dimensions 18. (a) The shell thickness and the weights per linear foot for 


and Weight. Fine of the various classes shall conform to the requirements given 


in Tables I and II. 
(b) The shell thickness at any point shall be not more than 15 

per cent under the thickness specified in Tables I and II. 

_ (c) The weight of any section of pipe shall be not more than 
_ 5 per cent under the weight specified in Tables I and I. 
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AS.T.M. 


A 142-35 T 
19. After the strength, shell thickness and weight of pipe of a Waiver of 
Strength 
particular class and size furnished by the manufacturer has been Foo4<. 
established by tests, the purchaser may elect to waive further — 
strength tests and to accept pipe of that particular class, size and 
manufacture on the basis of the shell thickness and weight thus © 
established, subject to the tolerances specified in Section 18 (b) and (¢). 


Under these conditions the acceptability of the larger sizes of pipe 
shall not be based on the results of strength tests on smaller sizes. 


WORKMANSHIP AND FINISH 


20. (a) Pipe shall be practically straight and of true circular Character 
cross-section. ‘They shall be sound, smooth and free from cracks, % ©#stines- 
scales, lumps, blisters, sand holes, “cold shuts,” or other defects 7 
which would render them unfit for the use intended. 

(b) All pipe shall be carefully examined for defects and sounded 
with a hammer before shipment. No fillings with metal, cement or — 
other material, or so-called ‘burning on”’ of iron will be permitted. 


WEIGHING AND MARKING 
21. If required by the purchaser, each pipe shall be weighed Weighing. 
and, after coating, the weight plainly marked thereon with white 
paint. 
22. The brand of the manufacturer shall be legibly stamped-i -in Marking. 


or cast or stencilled on the metal of each pipe. a 
INSPECTION AND REJECTION 


23. (a) The inspector representing the purchaser shall have free Inspection. 
entry, at all times while work on the contract of the purchaser is 
being performed, to all parts of the manufacturer’s works which | 


concern the manufacture of the pipe ordered. ‘The manufacturer 
shall afford the inspector, without charge, all reasonable facilities 
including labor to satisfy him that the pipe are being furnished in - 
accordance with these specifications. All tests and inspections shall, 
if possible, be made at the place of manufacture prior to shipment _ 
and shall be so conducted as not to interfere unnecessarily with the 7 
operation of the works. 

(b) The purchaser reserves the right, if deemed necessary, to 
inspect and test the pipe after delivery on the work. 

24. (a) All pipes which fail to conform to any of the provisions Rejection. 
of these specifications shall be subject to rejection. 

(b) Pipes which show injurious defects subsequent to their 
acceptance at the manufacturer’s works will be rejected, and the 
manufacturer shall be notified promptly. 
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TENTATIVE DEFINITIONS OF TERMS, WITH UNITS AND 
SYMBOLS, RELATING TO MAGNETIC TESTING 


ma A.S.T.M. Designation: A 127 —- 35 T 
This is a Tentative Standard and under the Regulations of the Society is subject | 
| toannual revision. Suggestions for revision should be addressed to the H eadquarters 
_of the Society, 260 S. Broad St., Philadelphia, Pa. 
i IssuED, 1935. 
Definitions of Units a ( 


Gauss (Maxwell per square centimeter) —The induction in a magnetic field of 
such uniform cross-sectional value that when reduced at a uniform rate in 
one second from its initial value to zero there is induced in a conductor 
linked with the field one c.g.s. unit of electromotive force per square centi- ( 
meter cross-sectional area of the field. 


_Gilbert—The magnetomotive force between two points on a line of uniform 
magnetizing force when the product of the length of the line in centimeters C 
and the magnetizing force in oersteds is unity. 


Maxwell.—The flux through a surface of uniform induction when the product 
of the induction in gausses and the surface area in square ceniimeters is 
unity. 


Oersted (Gilbert per centimeter).—The magnetizing force at the center of a 
solenoid of n turns per centimeter and of such length that end effects are l 
negligible when the current in the solenoid has a value in amperes such 

1 
0.40 


Note.—At the center of such a solenoid H = 0.47nI. 


that the current J = 


General Definitions 


_ In the following list of definitions the term defined is given first followed ] 
; in parenthesis by any optional alternative terms which may be used when the 
- context clearly indicates the intended conception. The symbol for the quantity l 
_is then given wherever such symbol is in use, followed by the definition of the 
standard term. 


1 Under the standardization procedure of the Society, these definitions are under the jurisdiction 
_ of the A.S.T.M. Committee A-6 on Magnetic Properties. 
These tentative definitions are in effect a tentative revision of, and are intended to supersede ] 
when adopted, the present Standard Definitions of Terms, with Units and Symbols, Relating to Mas- 
netic Testing (A.S.T.M. Designation: A 127-34), 1934 Supplement to Book of A.S.T.M. Stand- ] 
ards, p. 69. 
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Aging, of m magnetic materials —The normal or accelerated change i in 
magnetic properties of a magnetic material under continued 
normal or specified artificial aging conditions. 

Note.—When used in reference to core loss, this term, unless otherwise modified, 


implies an increase in loss. When used in reference to permeability or remanence, 
the term, in a positive sense, indicates a decrease in these quantities. 


Coercive Force, H,.—The value of the magnetizing force at which the 
induction is zero for a material which is in a symmetrically 
cyclicly magnetized condition. 

Unit: Oersted. 


Coercivity.—That property of a material measured by the coercive 
force corresponding to the saturation induction for the material. 
Unit: Oersted. 


Core Loss Aging Coefficient—The percentage change in the standard ~ 
core loss after continued heating at 100 C. for 600 hours. 
Note.—The sign should be positive if there is an increase in loss. 


Core Loss (Iron Loss), P.—The power expended in a magnetic 
material subjected to a varying induction. 


Core Loss, Standard, Py,;—The total power in watts per kilogram — 
expended in the magnetic material which is subjected to a . 
harmonically varying induction of a specified maximum value B 
and of a specified frequency f. 

Cyclicly Magnetized Condition.—See Normal Induction. 


Diamagnetic Material—A material having a permeability less than 
that of a vacuum. 


Differential Permeability.—See Permeability, Differential. 


Eddy Current Loss, P,.—That part of the core loss due to currents 
circulating in the magnetic material as a result of electromotive — 
forces induced by the varying induction 


Ferric Induction.—See Intrinsic Induction. Rc 


Ferromagnetic Material—A material having a permeability con-_ 
siderably greater than that of a vacuum. In general, the permea- 
bility of a ferromagnetic material is dependent upon the onl 
netizing force. 


Field—See Magnetic Field. 
Flux.—See Magnetic Flux. 
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Hysteresis Loss, P,,.—TYhat part of the core loss represented by the 
energy converted into heat as a result of magnetic hysteresis. 


Hysteresis, Magnetic.—That property of a material by virtue of which 
the magnetic induction for a given magnetizing force depends 
upon the previous conditions of magnetization. 


Incremental Permeability—See Permeability, Incremental. 


_Induction.—See Intrinsic Induction; Magnetic Induction; Normal 
Induction; Residual Induction; Saturation Induction. _ 


Initial Permeability —See Permeability, Initial. 
Intrinsic Induction Curve (Magnetic Saturation Curve)—A_ curve 


depicting the relation between intrinsic induction and magnetiz- 
ing force. 


Intrinsic Induction in a Ferromagnetic Material (Ferric Induction), 
B;.—For a given value of the magnetizing force, the excess of the 
normal induction in the material over that in vacuum. 


B,=B-H 
UNIT: Gauss. 


Intrinsic Permeability —See Permeability, Intrinsic. 
Loss.—See Core Loss. 


Linkage.—The product of the flux in maxwells and the number of 
turns in a coil or winding linked therewith. 


Magnetic Circuit.—A closed path of magnetic flux. 


Magnetic Field (Field) —In a given region of space, the totality of 
values of the magnetizing forces throughout the region. 
Note.—This term is also used to denote the region itself. 

Magnetic Flux (Flux), @—The surface integral of the magnetic 
induction over a given area. 
Unit: Maxwell. 


Magnetic Flux Density —See Magnetic Induction. 
Magnetic Force-—See Magnetizing Force. 
Magnetic Hysteresis —See Hysteresis, Magnetic. 


Magnetic Induction (M agnetic Flux Density), B.—The vector magnetic 
quantity accompanying and having the same direction at a point 
in an isotropic medium as the magnetizing force at the point, 

_ but having a magnitude which is dependent upon the properties 


_of the medium. 
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Note.—The magnitude is measured by the electromotive force produced in an 
electric circuit when the circuit is linked with the induction at a definite time 


dB 
& 


where e is the electromotive force produced in a circuit which is linked N times with 
the magnetic field of unit cross-sectional area and of uniform induction B. 


Unit: Gauss. 


Magnetic Intensity—See Magnetizing Force. 


Magnetic Material.—See Diamagnetic Material; Ferromagnetic Mate- 
rial; Paramagnetic Material. 

Magnetic Potential Difference.—The line integral of magnetizing force 
between two points in a magnetic field. 


Note.—The value of the magnetic potential difference between two points in 
the magnetic field of a current depends upon the path over which the integral is 
taken. 


Magnelic Saturation Curve.—See Intrinsic Induction Curve. 

Magnelician.—One skilled in the art of making magnetic measure- 
ments. 

Magnetizing Force (Magnetic Intensity, Magnetic Force), H.—That 
vector magnetic quantity arising from electric currents which 
at a given point depends only on the position of the point rela- 

f tive to the currents and on their magnitude. The magnetizing 

force 7; at a point P arising from a current J in an electric cir- 

cuit is given by the equation: - 


if J 


where r is a vector extending from an element ds of the circuit to the point P; [r ds] 
is the vector product of r and ds; and the integral is taken completely around the 
circuit. 


ic Note.—Magnetizing force also arises from magnetized bodies. 
Unit: Oersted. 
Magnetomotive Force, ¥—In any closed path in a magnetic field, the 
line integral of the magnetizing force around the path. _ 
Note.—In any path, the magnetomotive force resulting from a current is 


directly proportional to the current which links the path. The magnetomotive force 
Ff around any path is given in gilberts by the equation: 


IC = 4a NI 

nt 10 

it where N is the number of times the electric circuit links the path, and / is the current 
in amperes. 

jes 


When a current of J amperes is flowing in a circuit of N turns, F=O0ArNI. 
Unit: Gilbert. 
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_ Normal Induction Curve-—A curve depicting the relation between 


normal induction and magnetizing force. 
- Normal Induction in a Ferromagnetic Material (Normal Induction), B.— 


The limiting induction either positive or negative in a material 
which is in a symmetrically cyclicly magnetized condition. 


Notre.—A magnetic material is in a cyclicly magnetized condition when it ha 
been under the influence of a magnetizing force varying between two specific limit 
until the successive hysteresis loops retrace the preceding ones. 

A magnetic material is in a symmetrically cyclicly magnetized condition when it 
is cyclicly magnetized and the limits of the applied magnetizing forces are equal 
and of opposite sign, also the limits of induction are equal and of opposite sign. 


UNIT: Gauss. 


Normal Permeability —See Permeability, Normal. 


Paramagnetic Material—A material having a permeability slightly 
greater than that of a vacuum and approximately independent of 
the magnetizing force. 


Permeability, .—That property of an isotropic medium which R 
determines, under specified conditions, the magnitude relation 
between magnetic induction and magnetizing force in the medium. 
Notre.—Under the specified conditions, permeability is measured as the ratio le 

of the magnetic induction to the magnetizing force. In terms of the units of mag- 

netic induction and magnetizing force as defined, the permeability of empty space ‘ 
is unity. ( 


Permeability, Differential, ug.—The ratio of the positive increase of q 
normal induction to the positive increase of magnetizing force 
when these increases are vanishingly small. 


Permeability, Incremental, 44.—The ratio of the cyclic change in 
induction to the corresponding cyclic change in magnetizing force 
when the mean induction differs from zero. 
Permeability, Initial, 4,.—The normal permeability when both the Re 
magnetizing force and the induction are vanishingly small. 
Sa 
Permeability, Intrinsic, u;—The ratio of the intrinsic induction to the 
corresponding magnetizing force. 
Permeability, Normal, u.—The ratio of the normal induction to the Sp 
corresponding magnetizing force. 5 


Permeability, Reversible, u,.—The incremental permeability when the 
_ change in induction is vanishingly small. 
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Reluctance, 4#.—The reciprocal of permeance. 


A.S.T.M. DESIGNATION: A 127-35 T 


Permeability, Space.—That factor which expresses the ratio of mag- 
netic induction to magnetizing force in vacuum. 


Note.—In the c.g.s. electromagnetic system of units the permeability of a 
vacuum is arbitrarily taken as unity. 


Permeance, #—In a portion of a magnetic circuit extending between _ 
two equipotential surfaces, the ratio of the flux through any 
cross-section to the magnetic potential difference between the 
surfaces when taken within the portion under consideration. 


A 
Note.—Permeance, F = < is equivalent to for uniform yp. 
where “# = permeability; 
A = area in square centimeters; and 
l = length in centimeters. 


l 
Note.—Reluctance, # = $ is equivalent to — for uniform yp. 


Reluctivity.—The reciprocal of the permeability of a medium. 


Remanence.—The magnetic induction remaining in a magnetic circuit _ 
after the removal of an applied magnetizing force. 


Note.—If there is an air gap in the magnetic circuit, the remanence will be 
less than the residual induction. 


Unit: Gauss. 


Residual Induction, B,.-The value of the magnetic induction at 
which the magnetizing force is zero for a material which is in a 
symmetrically cyclicly magnetized condition. 

Unit: Gauss. 


Relentivity—That property of a material measured by the residual 
induction corresponding to the saturation induction for the 


Unit: Gauss. 


Reversible Permeability.—See Permeability, Reversible. 


Saturation Induction, B,—The maximum intrinsic induction possible — 
in a material. 
Unit: Gauss. 


Space Permeability —See Permeability, Space. 
Standard Core Loss.—See Core Loss, Standard. 
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Scope 


These specifications cover two classes of wrought bronze bearing 
metals for movable bridges and structures, as follows: 

Class A.-For contact with hardened steel disks under pressures over 
1500 lb. per sq. in., for example, bearing metals, expansion plates, etc., 
used in center-bearing swing bridges. 

Class B.—For contact with soft steel at low speeds under pressures 
not over 1500 lb. per sq. in., for example, expansion plates, etc., trunnions 
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and journals of bascule and lift bridges. 


2. (a) The bronze shall be a homogencous alloy of copper and tin. 
The copper shall conform to the requirements of the Standard Specifica- 
tions for Electrolytic Copper Wire Bars, Cakes, Slabs, Billets, Ingots, and 
Ingot Bars (A.S.T.M. Designation: B 5), or the Standard Specifications 
for Lake Copper Wire Bars, Cakes, Slabs, Billets, Ingots, and Ingot Bars 
“high-resistance lake” grade (A.S.T.M. Designation: B 4) of the American 
Society for Testing Materials.2 The bronze shall be made from new 
metal, except that scrap of known composition may be used. 

(b) The bronze shall be manufactured by the rolling and annealing 
process, and it may be furnished in either the rolled or annealed condition, 
as required. 


Chemical Composition 


The bronze shall conform to the following requirements as © 


chemical composition: 
Crass A Crass B 
Copper, per cent remainder remainder 
Tin, min., per cent 7.0 3.5 
Phosphorus, per cent 0.05 to 0.50 0.05 to 0.50 
Copper plus tin plus phosphorus, min., per cent 99.50 99.50 
1 Under the st ands ardization procedure of the Society, these specifications are under the jurisdicti 


the A.S.T.M. Committee B-5 on Copper and Copper Alloys, Cast and Wrought. 
21933 Book of A.S.T.M. Standards, Part I, pp. 573, 568. 
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Chemical Analysis 

4. (a) An analysis shall be furnished by the manufacturer for each 
2000 Ib. of bronze or fraction thereof. The chemical composition as de- 
termined by the Standard Methods of Chemical Analysis of Bronze Bear- 
ing Metal (A.S.T.M. Designation: B 46) of the American Society for 
Testing Materials' shall be reported to the purchaser or his representative 
and shall conform to the requirements specified in Section 3. 

(b) The sample for chemical analysis shall consist of drillings, or 
millings taken from the plates selected for purpose of tests as specified in 
Sections 5 and 6, and shall be so taken as to accurately represent material 
from the full thickness of the plate. Samples so prepared shall be divided 
into three equal parts, each of which shall be placed in a sealed package, 
one for the purchaser, one for the manufacturer and one for an umpire 
if necessary. 


Physical Properties and Tests 


5. The tension tests shall be standard for plates of all thicknesses, 
and acceptance or rejection in the case of plates less than 7 in. in thickness 
shall be based only on the tensile strength and elongation values specified 
in Section 6. Plates } in. or over in thickness may be accepted or rejected 
upon either the tension test or the compression test at the option of the 
purchaser when expressed in writing. For convenience in testing plates 
from } to } in. in thickness, the Brinell hardness test may be employed; 
for material under } in. in thickness, the Rockwell hardness ‘‘B” scale 
(j;-in. ball, 100-kg. load) may be used (Note). 


Notr.—In making hardness tests reference should be made to the Standard Methods 
of Brinell Hardness Testing of Metallic Materials (A.S.T.M. Designation: E 10)? and 
the Tentative Methods of Rockwell Hardness Testing of Metallic Materials (A.S.T.M. 
Designation: E 18 — 33 T)3 of the American Society for Testing Materials. 


Physical Properties 


6. (a) The bronze shall conform to the following requirements as 
to tensile or compressive properties. The Brinell and Rockwell hardness 
values are for informative purposes only. 


PROPERTIES Crass A Crass B 
Tension 
in 2 MIN., Per CONE. 10 15 
Compression 
leformation ee 40 000 ve 25 000 
“ermanent set under 100,000 Ib. per sq. in., per cent*...... 2 to 12 6 to 20 
Hardness { Plate } to } in. thick, Brinell number......... 140, min. 100 to 160 
- \ Plate under } in. thick, Rockwell number’... . 80, min. 45 to 85 


- a The variable height compression test specimen will require that the set limits shall be expressed as a 
percentage instead of in inches; thus, 0.001 in. per inch will become 0.10 per cent. 

ockwell hardness test, B scale, ;4-in. ball, 100-kg. load. 


of A.S.T.M. Standards, Pert I, p. 635. 


e Standees: aa. Mee. Testing Mats., Vol. 33, Part I, p. 967 (1933); also 1935 Book of A.S.T.M. Teate- 
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(b) The deformation limit in compression shall be determined as 
that load which produces a permanent set of 0.10 per cent in the com- 
pression test specimen described in Section 7 (0). 

Test Specimens 

7. (a) The tension test specimen and method of testing shall con- 

form to the Standard Methods of Tension Testing of Metallic Materials 


TABLE I.—PERMISSIBLE VARIATIONS IN THICKNESS, PLUS AND MINuws. 


Thickness Up to Over 6 to Over 9 to Over 14: 

6 in. 9 in. 14 in. 20 in. 

in Width, in Width, in Width, in Widt 

B. & S. Gage No. Inch inclusive inclusive inclusive inelusiv 

000 0.0042 0.0044 0.0046 0.0048 

00 0.0041 0.0043 0.0045 0.0047 

0 0.0040 0.0042 0.0044 0 0046 

1 0.0039 0.0041 0 0043 0.0045 

3 0.0037 0.0039 0.0041 0.0043 

4 0.0036 0.0038 0.0040 0.0042 

0.0035 0.0037 0.0039 0.0041 

6 0.0034 0.0036 0.0038 0.0040 

7 0.0033 0.0035 0.0037 0 0039 

0.0031 0.0033 0.0035 0.0037 

10 0.0030 0.0032 0.0034 (0.0036 

11 0.0029 0.0031 0.0033 0.0035 

12 0.0028 0.0030 0.0032 (0.0034 

13 0.0719..... 0.0027 0.0029 0.0031 0.0033 

14 0.0026 0.0028 0.0030 0.0032 

15 0.0025 0.0027 0.0029 0.0031 

16 0.0024 0.0026 0.0028 0.0030 

17 0.0023 0.0025 0.0027 0.0029 

18 0.0022 0 0024 0.0026 (0.0028 

20 0.0020 0.0021 0.0023 (0.0024 

21 0.0019 0.0020 0.0021 0.0022 

22 0.0018 0.0019 0.0020 0.0021 

23 0.0017 0.0018 0.0019 0.0020 

24 0.0016 0.0017 0.0018 0.0019 

25 0.0015 0.0016 0.0017 (0018 

26 0.0014 0.0015 0.0016 0.0017 

27 0.0013 0.0014 0.0015 0.0016 

28 0.0012 0.0013 0.0014 0.0015 

29 0.0011 0.0012 0.0013 0 0014 

30 0.0011 0.0012 0.0013 0.0014 

0 0010 0.0011 0.0012 0.0013 

3 0.0010 0.0011 0.0012 0.0013 

33 0.0009 0.0010 0.0011 0.0012 

34 0.0009 0.0010 0.0011 0.0012 

35 0.0008 0.0009 0.0010 0.0011 

0.0008 0.0009 0.0010 0.0011 
\ (A.S.T.M. Designation: E 8) of the American Society for Testing 


Materials." 
(b) Compression test specimens shall be 1 sq. in. in cross-sectiona 
area and } to 1} in. in height. 
Number of Tests 


8. (a) One tension (or compression) test shall be made from each 
2000 lb. of finished metal, or fraction thereof. 


11933 Book of A.S.T.M. Standards, Part I, p. 949. 
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(b) If any test specimen shows defective machining or develops flaws, 
it may be discarded; in which case the manufacturer and the purchaser 
or his representative shall agree upon the selection of another specimen 
in its stead. 


Permissible Variations in Dimensions 

9, (a) The standard method of specifying thickness shall be in Brown 
& Sharpe gage numbers. When the thickness is specified either in common 
or decimal fractions of an inch, the tolerances shall be those of the cor- 
responding group of B. & 5S. gages, as shown in Table I. 

(b) For plates heavier and wider than those covered in Table I, the 


percentage variation in weight shall be as follows: _ 


PERMISSIBLE VARIATION 
IN WEIGHT, PER CENT 


WiptH OVER UNDER 


Finish 

10. The plates shall be sound, clean and free from blowholes, porous 
places, cracks, and other defects that would be detrimental or injurious to 
their use for the purposes intended. The contact surfaces of the plates 
shall be smooth and level. 


Inspection 

At the option of the purchaser, inspection may be made at the 
manufacturer’s works where the plates are made, or at the point at which 
they are received. If the purchaser elects to have inspection made at the 
manufacturer’s works, the inspector representing the purchaser shall have 
free entry, at all times while work on the contract of the purchaser is being 
performed, to all parts of the manufacturer’s works which concern the 
manufacture of the material ordered. The manufacturer shall afford the 
inspector, without charge, all reasonable facilities to satisfy him that the 
material is being furnished in accordance with these specifications. All 
tests and inspection shall be so conducted as not to interfere unnecessarily 
with the operation of the works. 7 


Rejection 

_ 12. Plates which fail to conform to these specifications may be re- 
jected, and if rejected, shall be replaced by the manufacturer, without 
charge to the purchaser. The full weight of the original material rejected 
shall be returned to the manufacturer. 
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TENTATIVE SPECIFICATIONS 
FOR 

STRANDED COPPER CABLE: HARD, MEDIUM-HARD 

OR SOFT! 


A.S.T.M. Designation: B 8-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1935. 


BARE, 


Scope 

1. (a) These specifications cover bare, stranded cables made from 
round copper wires, for general use as electrical conductors. 
Classes 

(b) For the purposes of these specifications, conductors are classified 
as follows (Notes 1 and 2): 


Class AA.—F¥or bare cable. 

Class A.—¥For weather-resistant (weatherproof), slow-burning, and 
slow-burning weather-resistant cables, and for bare cable where 

; greater flexibility than is afforded by Class AA is required. 

Class B.—F¥or cable insulated with various materials such as rubber, 

paper, varnished cloth, etc., and for the cables indicated under 
Class A where greater flexibility is required. 

Class C and Class D.—F¥or cable where greater flexibility is required 

than is provided by Class B cable. 


Note 1.—In these specifications only concentric-lay cable constructions are specifically 
designated. Bunched-strands, rope-lay, or other cable constructions should be specif: 
ically agreed upon by the manufacturer and purchaser when placing the order if other 
than concentric-lay cable is involved. 

Nore 2.—For definitions of terms relating to cable, reference should be made to the 
Definitions and General Standards for Wires and Cables (A.S.A. No. C8a — 1932) approve 
by the American Standards Association. 


MANUFACTURE 
Requirements for Wires 


2. (a) The purchaser shall designate the type of wire to be used in 
the cable. Before stranding, the copper wire used shall meet all of the 


1 Under the standardization procedure of the Society, these specifications are under the jurisdiction of ™ 
A.S.T.M. Committee B-1 on Copper Wire. ee 

These tentative specifications are in effect a tentative revision of, and are intended to su rsede W pr 
adopted as standard, the present Standard Specifications for Bare Concentric-Lay Copper Cable: ber 
Medium-Hard, or Soft (A.S.T.M. Designation: B 8 - 27), 1933 Book of A.S.T.M. Standards, Part I, p. 74 
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requirements of the following standards of the American Society for Test- 
ing Materials,' applicable to its class: 
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Standard Specifications for Soft or Annealed Copper Wire (A.S.T.M. 
Designation: B 3) 

Standard Specifications for ‘Tinned Soft or Annealed Copper Wire for 
Rubber Insulation (A.S.T.M. Designation: B 33) 

Standard Specifications for Medium MHard-Drawn Copper Wire 
(A.S.T.M. Designation: B 2) 

Standard Specifications for Hard-Drawn Copper Wire (A.S.T.M. 
Designation: B 1). 

(b) In concentric-lay cables the central core shall be made of wire 

having the same quality and temper as the concentric layers, unless other- 

wise specified. 


Brazes 

3. Brazes shall not be permitted in hard-drawn or medium hard- 
drawn Class AA cables of seven wires or less. In other cables, brazes may 
be made in the wire when finished and ready for cabling. Such brazes 
shall be made in accordance with the best commercial practice. Brazes 
shall not be closer together than as shown in the following table: 


NUMBER OF HARD OR 
WIRES IN CABLE 


37 to 60, incl 
61 and over 


50 ft. 


* Cable may not be brazed as a unit. 


Lay 


4. The lay or pitch of a layer of wires in concentric cable shall be not 
less than ten nor more than sixteen times the outside diameter of that 
layer, except that for cables composed of 37 wires or more, this require- 
ment shall apply only to the two outer layers. Cable furnished on one 
order shall have the same lay. The direction of lay of the outer layer may 
be either right or left-hand unless the direction of lay is specified by the 
purchaser. ‘The direction of lay shall be reversed in successive layers unless 
specific instructions to the contrary are received from the purchaser. 
Construction 


5. The areas of cross-section, numbers and diameters of wires in the 
elias classes of concentric-lay cables shall be as shown in Table I 


(Note 2). 
PROPERTIES AND TESTS — 


Physical and Electrical Tests 


6. (a) Tests for the physical and electrical properties of wires com- 
posing cables made from annealed copper wire or from tinned soft copper 
+1933 Book of A.S.T.M. Standards, Part I, pp. 763 to 781. 
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wire may be made before stranding or on wires removed from the cable. 
In the latter case the maximum tensile strength permitted shall be in- 
creased 5 per cent and the minimum elongation permitted shall be reduced 


TABLE I.—-CONSTRUCTION REQUIREMENTS OF BARE CONCENTRIC-LAY COPPER CABLE. 


Class AA Class A Class B Class C Class D 
Area of Size, 


Cross- | American 
Section, |or B. &S. | Number | Diameter |} Diameter | Number Number Number 
circular mils| Wire Gage] of Wires | of = ji of Wires, | of Wires ’ of Wires ’ of Wires 
mils 


Diameter 


*2 500 000 . 
*2 000 000 
1 900 000 
1 800 000 . 
*1 750 000 . 
1 700 000 . 
1 600 000 . 
*1 500 000 
1 400 000 . 
1 300 000 . 
*1 250 000 . 
1 200 000 . 
1 100 000 . 
*1 000 000 . 


nw 


*300 000 . 
*250 000 . 
600. 
*167 800 . 
*133 100 . 


04.8 
99.4 
93.8 
90.8 
87.7 
84.5 
81.2 
77.7 
90.5 
85.9 
81.0 
75.7 
70.1 
64.0 
75.6 
67.3 
60.0 
53.4 
47.6 
59.1 
52.6 
46.9 
41.7 
37.2 
33.1 
29.5 
26.2 
23.4 
18.5 
14.7 
11.7 
9.2 
7.3 


eee 


* The sizes of cable which have been marked with an asterisk provide for one or more schedules of preferred series, and até 
commonly used in the industry. The sizes not marked are given simply as a matter of reference, and it is s that 
use be discouraged. 

@ Optional construction for No. 0000 A.W.G., size in Class AA and Class A is 12 wires of 132.8 mils diameter. 

> Optional construction for No. 000 A.W.G. size in Class AA and Class A is 12 wires of 118.3 mils diameter. 

© Optional construction for 600,000-cir. mils size in Class B is 37 wires of 127.3 mils diameter. 


4 Optional construction for 550,000-cir. mils size in Class B is 37 wires of 121.9 mils diameter. 


5 per cent. Care must be taken to avoid mechanical injury of wire 
moved from cable for the purpose of testing. 
(b) Tests for the physical and electrical properties of wires co” 
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= 5000000.) .... | .... sada 169 | 172.0 217 | 151.8 271 | 135.8 271 | 135.8 é 
4500000.| .... | .... 169 | 163.2 217 | 144.0 271 | 128.9 271 | 128.9 eve 
4000000.) 169 | 153.8 217 | 135.8 271 | 121.5 271 | 121.5 

127 | 166.0 169 | 143.8 217 | 127.0 271 | 113.6 

127 | 153.7 169 | 133.2 217 | 117.6 271 | 105.2 
aves 91 | 165.7 127 | 140.3 169 | 121.6 217 | 107.3 end: 
91 | 148.2 127 | 125.5 169 | 108.8 217 | 96.0 

qi cae as g1 | 144.5 | 127 | 1223 | 169 | 106.0 | 217 | 936 whi 

14 eee me 91 | 140.6 127 | 119.1 169 | 103.2 217 | 91.1 pres 

91 | 138.7 127 | 117.4 169 | 101.8 217 | 89.8 suit 

91 136.7 127 115.7 169 100.3 217 88.6 

, gues tthe 91 | 132.6 127 | 112.2 169 97.3 217 | 85.9 
( sie shes 61 | 156.8 gi | 128.4 | 127 | 108.7 | 169 | 942 We 

61 | 151.5 91 | 124.0 127 | 105.0 169 | 91.0 
61 146.0 91 119.5 127 101.2 169 87.7 
61 | 143.1 91 | 117.2 127 99.2 169 | 86.0 
‘ ; eG ae 61 | 140.3 91 | 114.8 127 169 | 843 den 
j 61 | 134.3 91 | 109.9 127 169 | 80.7 
37 | 164.4 61 | 128.0 61 | 128.0 91 127 | 88.7 at : 

i 900000.) .... 37 | 156.0 61 | 121.5 61 |} 121.5 91 127 | 84.2 

*300000 37 | 147.0 61 | 114.5 61 | 114.5 91 127 | 794 

} *750000.| 37 | 142.4 61 | 110.9 61 110.9 91 127 | 76.8 

*700000.| 37 | 137.5 61 | 107.1 61 | 107.1 91 127 | 74.2 gre 

] 650000.) .... 37 | 132.5 61 | 103.2 61 | 103.2 91 127 | 71.5 

600000.) 37 | 127.3 37 | 127.3 61°} 99.2 91 127 | 68.7 cab 

, i 550000.) .... 37 121.9 37 121.9 614 95.0 91 127 65.8 
i *500000 19 | 162.2 37 | 116.2 37 | 116.2 61 | 741 the 

450000 19 | 153.9 37 | 110.3 37 | 110.3 61 | 03 

| > pee 19 | 145.1 19 | 145.1 37 | 104.0 61 91 | 66.3 cast 
12 | 170.7 19 | 135.7 37 97.3 61 91 | 62.0 

Pi a 12 | 158.1 19 | 125.7 37 90 0 6! gi | 574 and 

| wx 12 | 144.3 19 | 114.7 37 82.2 61 gi | 524 

0000 | 173.9 72 | 173.9 19 | 105.5 3 61 | 58.9 

000 7>| 154.8 7° | 154.8 19 | 94.0 61 | 524 Vari 
00 7 | 137.9 7 | 137.9 19 83.7 37 61 | 46.7 

: 0 7 | 122.8 7 | 122.8 19 74.5 37 61 | 416 

LA 7 *83 690 . 1 3 | 167.0 7 | 109.3 3 61 | 37.0 
*66 370 . 2 3 | 148.7 7 97.4 1! 37 | 424 thai 
*52 640 3 3 | 132.5 7 | 86.7 37 | 377 
41740 4 3 | 118.0 7 77.2 1! 37 | 33.6 con, 

| *33 100 dens wie: 1! 37 | 2.9 
} *26 250 1 37 | 26.6 wire 

4 #16510. seas 1 37 | 
*13 090 . 1 37 | 18.8 

#10 380 . 3 1 37 167 
*6 530 . 1 37 | 133 

4107. 1 37 | 105 Pac] 
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posing cables made from hard-drawn or medium hard-drawn wire may 
be made before but not after stranding. 

(c) At the option of the purchaser, tests on hard-drawn and medium 
hard-drawn wires before stranding may be waived, and completed hard- 
drawn and medium hard-drawn cables may be tested as a unit. The 
minimum tensile strength of bare cables so tested shall be 90 per cent of 
the total of the required minimum strengths of the component wires. 
The free length between grips of the test sample shall be not less than 
24 in., and care shall be taken to insure that the wires in the cable are 
evenly gripped during the test (Note). 


NotEe.—To test cable successfully as a unit requires an adequate means of gripping the 
ends of the test sample. Various means are available, such as a long tube or socket into 
which the cable may be soldered, or in which, after insertion, the cable may be swaged or 
pressed without serious distortion. Ordinary jaws or clamping devices are not usually 
suitable. 


wowe DE 


Weights and Area 


7. (a) For the purpose of calculating weights, cross-sections, etc., the 
density of copper shall be taken as 8.89 g. per cu. cm. (0.321 lb. per cu. in.) 
at 20 C. (68 F.). 

(b) The electrical resistance and mass of a stranded conductor are 
greater than the total of these characteristics of the wires composing the 


cable, depending upon the lay or pitch. Two per cent shall be taken as 
the standard increment of resistance and mass of concentric-lay cable. In 


cases where the lay is definitely known, the increment shall be calculated 
and not assumed. 


Variation in Area 


8. The area of cross-section of the completed cable shall be not less 
than 98 per cent of the area specified. The area of cross-section shall be 
considered to be the sum of the cross-sectional areas of its component 
wires when measured perpendicularly to their axes. 


PACKING AND SHIPPING 
Packing and Shipping 


9. (a) Package sizes for cable shall be agreed upon in the placing of 
individual orders. 


(b) The cable shall be protected against damage in ordinary handling 
and transportation. 


Inspection 


10. All testing ml inspection shall be made at the place of manu- 
facture. The manufacturer shall afford the inspector representing the 
purchaser, without charge, all reasonable facilities to enable him to satisfy 
imself that the material conforms to the requirements of these specifications. 
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FOR 
BRONZE TROLLEY WIRE! 
A.S.T.M. Designation: B 9-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject t 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 

IssuED, 1935. 
Scope 


1. These specifications cover round and grooved bronze trolley wire. 


MANUFACTURE 

Material 

2. The material used shall be bronze of such nature and composition’ 
as to secure by proper treatment the qualities hereinafter specified for the 
finished wire. ‘The copper used shall be electrolytic or low-resistance lake 
copper conforming in quality and purity to the requirements of either the 
Standard Specifications for Electrolytic Copper Wire Bars, Cakes, Slabs, 
Billets, Ingots, and Ingot Bars (A.S.T.M. Designation: B 5)* or of the 
Standard Specifications for Lake Copper Wire Bars, Cakes, Slabs, Billets, 
Ingots, and Ingot Bars (A.S.T.M. Designation: B 4)‘ of the American 
Society for Testing Materials. 
Classes 


3. Bronze of three qualities (Note) may be required, as follows: 


Class A 
Class B 
Class C 


Nore.—Class A wire was formerly known as “high strength” bronze wire, and als? 
has been known as 40 per cent conductivity bronze wire. 

Class B was formerly known as “medium strength” bronze wire, and also has been 
known as 65 per cent conductivity bronze wire. _ 

Class C wire has a strength intermediate between Class A and Class B wire, and is 0 
lower resistivity than either, its value of conductivity being 80 per cent. 


1 Under the standardization procedure of the Society, these specifications are under the jurisdiction of the 
A.S.T.M. Committee B-1 on Copper Wire. is 

These tentative specifications are in effect a tentative revision of, and are intended to supersede = 
adopted as standard, the peut Standard Specifications for Bronze Trolley Wire (A.S.T.M. Designat 
B 9 — 32), 1933 Book of A.S.T.M. Standards, Part I, p. 757. 


These specifications were prepared under the joint cooperation of the American Transit Engineering 


Association, the Association of American Railroads and the American Society for Testing Materials. i 
2 Where wire is to be used for steam railway electrification, the corrosive action of locomotive gases 88 
be given consideration. 
31933 Book of A.S.T.M. Standards, Part I, p. 573. 


* Ibid., p. 568. 
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A.S.T.M. DESIGNATION: B 9 35 


PROPERTIES AND TESTS 
(A) Round Wire 
Tensile Strength and Elongation 


4. (a) Round wire shall be so drawn that its tensile strength and 
elongation shall be not less than the values shown in Table I. The elonga- 
tion shall be determined as the permanent increase in length due to the 
breaking of the wire in tension measured between gage marks placed 
originally 10 in. apart upon the test specimen. The fracture shall be 
between the gage marks and not closer than 1 in. to either gage mark. 

(b) ‘Tests upon a specimen of round wire containing a braze shall show 
at least 95 per cent of the tensile strength of the unbrazed wire. Elongation 
tests shall not be made on specimens including brazes. 


TaBLE I.—VALUES FOR TENSILE STRENGTH AND ELONGATION OF ROUND TROLLEY WIRE. 


Class A Bronze Wire Class B Bronze Wire Class C Bronze Wire 


Diameter, Area, circular mils 

i Tensile Elongation Tensile Elongation Tensile Elongation 
Strength, in 10 in., Strength, in 10 in., Strength, in 10 in., 

Ib. persq.in.} percent |lb.persq.in.| percent |\lb.persq.in.| per cent 


64 800 61 500 
69 000 65 000 
71 000 3.2% 67 000 
73 000 i 2. 69 000 
76 000 72 000 


Twist Test 


5. (a) For the purpose of determining and developing defects which 
may be prejudicial to the life of trolley wire, owing to its peculiar service 
as compared to that of wire for other purposes, round wire shall be sub- 
jected to the twist test described in Paragraph (b). Round wire shall not 
be considered satisfactory which does not stand, without breaking, at least 
the following number of twists: 


DIAMETER, IN. NUMBER OF TwISTS 


d also 


bees 


dis of (b) Three twist tests shall be made upon specimens 10 in. in length 

between the holders of the testing machine. The twisting machine shall 
be so constructed that there is a linear motion of the tail stock with respect 
A= to the head. The twist shall be applied not faster than 10 turns per min. 
ee All three specimens shall be twisted to destruction and shall not reveal 
sed under test any seams, pits, slivers, or surface imperfections of sufficient 

magnitude to indicate inherent defects or imperfections in the wire. At 


the time of fracture the wire shall be twisting with reasonable uniformity. 
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Resistivity 
6. (a) Trolley wire shall not exceed in resistivity the following values:+ 


WIRE RESISTIVITY AT 20 C, 
1346 lb. per mile ohm 


* These values represent classes of bronze wire formerly referred to as 40 per cent, 65 per cent, and 80 
per cent conductivity wire, respectively. 


(b) Lower resistivities in wires meeting the physical qualifications may 
__ be obtained by the use of special alloys. 
(c) Electric resistivity shall be determined upon fair samples by 
resistance measurements at a temperature of 20C. (68 F.). 


(B) Grooved Wire 
Tensile Strength and Elongation 

7. (a) Tensile strength and elongation of grooved wire shall be not 
less than the values shown in Table IT. The tension and elongation tests 


TABLE IT.—VALUES FOR TENSILE STRENGTH AND ELONGATION OF GROOVED TROLLEY WIRE. 


: Class A Bronze Wire Class B Bronze Wire Class C Bronze Wire 
Nominal Area, 
circular mils 

: Tensile Elongation Tensile Elongation Tensile Elongatior 

Strength, in 10 in., Strength, in 10 in., Strength, in 10 in, 

Ib, per sq. in. percent |lb.persq.in.| percent |\lb.persq.in.| percent 
62 500 4.00 56 200 4. 59 500 4.00 
64 800 4.00 57 800 4.00 61 500 4.00 
69 000 3.25 61 000 3.25 65 000 3.25 
71 000 2.75 63 000 2.75 67 000 2.75 
73 000 2.25 2.25 69 000 2.25 


for grooved wire shall be made in the same manner as those upon round 
wire as described in Section 4 (a). 

(b) Tests upon a specimen of grooved wire containing a braze shall 
show at least 95 per cent of the tensile strength of the unbrazed wire. 
Elongation tests shall not be made on specimens including brazes. 


Twist Test 

8. For the purpose of determining and developing defects which may 
be prejudicial to the life of trolley wire, owing to its peculiar service 4 
compared to that of wire for other purposes, grooved wire shall be subjected 
to the twist test described in Section 5 (). Grooved wire shall not be 
considered satisfactory which does not stand at least three twists without 
breaking. 


Resistivity 

9. The requirements for resistivity of grooved wire shall be the 
same as those specified in Section 6 for round wire of the same nominal 
cross-sectional area. 


| | | 
i 


“20007. 


Grooved Wire 
Nominal Cir. Mils, 350,000 
Actual Area, 0.2758 sq.in 
Calculated Weight,5612 Ib.per mile 
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Grooved Wire 


+ 


Grooved Wire Nominal Cir. Mils, 211, 600 
Nominal Cir. Mils, 300,000 Actual Area, 0.1665 


Actual Area, 0.2355 qin. Calculated W. ht, 33 59 ib. 
Calculated Weight,4792 Ib. 


per mile 


20007 


-0010 & 40 005° 


Grooved Wire Grooved Wire 
Nominal Cir. Mils, 168,100 _ Nominal Cir. Mils, 133,200 


0390 "t0007-— 


Actual Area, 0.1314 sq.in. Actual Area, 0.1083 ’ 
Calculated Weight, 2674 Ib. Calculated Weight,2205 Ib 
per mile per mile 


Fic. 1.—Standard Sections Grooved Trolley Wire. 
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SPECIFICATIONS FOR BRONZE TROLLEY WIRE 


DIMENSIONS AND PERMISSIBLE VARIATIONS 
Density 
10. For the purpose of calculating weights, cross-sections, etc., the 
density of the bronze’ shall be taken as 8.89 g. per cu. cm. (0.321 Ib. per 
cu. in.) at 20 C. (68 F.). > ss 


(A) Round Wire 


Dimensions and Permissible Variations Oo 
11. (a) Size of round trolley wire shall be expressed as the diameter 
of the wire in decimal fractions of an inch, using not more than three places 
of decimals, that is, in mils. 
(b) Wire shall be truly cylindrical in form. ‘The diameter shall not 
vary more than 1 per cent over or under the diameter specified. a 


(B) Grooved Wire 
Sections 
12. Standard sections of grooved trolley wire shall be those known 
as the “American Standard Grooved Trolley Wire Sections” (the Standard 
Design of the American Transit Engineering Association), shown in Fig. 1. 


Dimensions and Permissible Variations 
13. (a) Size of grooved trolley wire shall be expressed as the nominal 
area of cross-section in circular mils, the standard sizes being as follows: 


CALCULATED WEIGHT 
NomINAL AREA, Actua AREA, | ACTUAL AREA, BASED ON 


CIRCULAR MILS CIRCULAR MILS SQ. IN. AcTUAL AREA, 
LB. PER MILE 


350 000 351 200 .2758 5612 
300 000 299 800 .2355 4792 
211 600 212 000 . 1665 3389 
168 100 167 300 .1314 2674 
133 200 137 900 . 1083 2205 


(b) The weight of grooved trolley wire shall not vary more than 4 per 
cent over or under the weights specified in Paragraph (a). 


FINISH 
Finish 
14. (a) ‘The wire shall be of uniform size, shape, and quality through- 
out, and shall be free from all scale, flaws, splits and scratches not consistent 
with the best commercial practice. . 
(b) Necessary brazes in trolley wire shall be as few as possible ané 
shall be made in accordance with the best commercial practice. 


with 


1 Bronze trolley wire is an alloy as commonly produced of not less than 98 per cent copper densit 
: 


metals. Determinations of the density of these alloys indicate, as might be expected, an avera 
practically the same as that found for copper. 
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AS.T.M. DESIGNATION: B 9-35 T 


PACKING 


Packing and Shipping 


15. (a) All wire shall be shipped on substantial reels, suitable for 
the weight of the wire handled, and shall be well protected from injury. 
The diameter of the reel drums shall be sufficiently large, not less than 
30 in., to eliminate difficulty with waves or kinks when the wire is strung. 
If reels are to be lagged, it shall be so specified by the purchaser. ‘The 
wire shall be reeled with turns tight together, in uniform layers, free from 
kinks and crosses. ‘The relation between the vertical axis of grooved wire 


as finally strung and the axis of the reel shall be as specified by the purchaser 
and shall be approximately constant. 
(b) The ends shall be securely fastened to the sides of the reel with no 


less than six staples. ‘The staples shall be at least 2 in. in length and made 
from not less than 0.145-in. diameter wire. Care shall be exercised in 
stapling not to damage the surface of the exposed layer of wire. All reels 

shall have the arbor holes reinforced with steel plate at least } in. in thick- 
ness, and unless otherwise specified, the arbor hole shall be a 4-in. 
square hole. 

(c) Reels shall be marked legibly and indelibly with a serial number, 
size, kind, length and weight of wire, and such other information as is 
desired by the purchaser. ‘The length or weight of wire to be wound 
upon reels shall be agreed upon by the manufacturer and purchaser in 


placing individual orders. 
INSPECTION AND REJECTION 


Inspection 


16. All tests governing the acceptance or rejection of the wire, unless 
otherwise specified, shall be made at the place of manufacture with apparatus 
furnished by the manufacturer and in the presence of the purchaser, or his 
fepresentative, who shall be furnished a copy of the tests. Every facility 
shall be given the purchaser, or his representative, to satisfy him as to the 
reliability of the results before the wire is delivered. If the purchaser 
Waives inspection, and if he so elects at that time, he shall be furnished with 
4 certified copy of tests made by the manufacturer. 


Rejection 


17. Any reel of wire which fails to meet the requirements of these 
‘pecifications may be rejected. Failure of 30 per cent of the number of 
reels ready for inspection at one time shall be deemed sufficient cause for 
the rejection of the whole lot. 
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TENTATIVE SPECIFICATIONS 


FOR Lea 
LEAD-COATED COPPER SHEETS! 
or I 
A.S.T.M. Designation: B 101 - 35 T B 2 
This is a Tentative Standard and under the Regulations of the Society is subject t 
annual revision. Suggestions for revision should be addressed to the Headquarters of the thar 
Society, 260 S. Broad St., Philadelphia, Pa. 
mor 
IssuED, 1935. 
Scope 
. These specifications cover lead-coated sheet copper for architectural _ 
uses. It is supplied in two types according to the method of manufacture, 
and in three classes according to the weight of coating. a 7 _— 
Types 
2. The lead coating shall be applied to the sheet copper as follows: rolli 
Type I.—By application of molten lead, or othe 
Type IIT.—By electrodeposition. ~ form 
Classes Tem 
3. (a) Except as may be specified under Paragraph (c), the following 
weights of lead coating shall apply for either Type I or Type II: or hi 
WEIGHT oF LEAD COATING, LB.* or ha 
Min. Max. 
Standard (for general utility) 12 15 
“In all classes the weight of coating, as designated, is the total weight of lead applied to two side § 
100 sq. ft. of copper sheet, approximately one half of the coating to be on each side of the sheet. f 
orm 
(b) Sheets specified to be coated on one side only shall have half the ;: 
weights of lead coating prescribed i in Paragraph (a). Bane ¢ 


oz, 


(c) Other variations in coating or texture may be furnished under 
special written agreement between the purchaser and manufacturer. © 


MATERIAL 


Copper 

4. The copper sheet shall be made from copper having a purity 0 
99.900 per cent as determined by electrolytic assay, silver being counted 
copper, conforming to the requirements of the Standard Specifications f0! 


1 Under the standardization procedure of the Society these specifications are under the jurisdiction 


A.S.T.M. Committee B-2 on Non-Ferrous Metals and Alloys. 
(746) 
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A.S.T.M. DESIGNATION: B 101-35 T 
Lake Copper Wire Bars, Cakes, Slabs, Billets, Ingots and Ingot Bars 
AS.T.M. Designation: B 4)! or the Standard Specifications for Electro- 
lytic Copper Wire Bars, Cakes, Slabs, Billets, Ingots and Ingot Bars { 


(A.S.T.M. Designation: B 5)! of the American Society for Testing Ma- _ 
. 

terials. 

Lead 


5. (a) The lead shall conform to the requirements of either Grades II 
or III of the Standard Specifications for Pig Lead (A.S.T.M. Designation: 
B 29) of the American Society for Testing Materials.’ a 

(b) For Type I coating the lead shall be free from impurities other { 
than those permitted in accordance with Paragraph (a), except that not 
more than 4 per cent of tin and a trace of phosphorus is permitted. 

(c) For Type II coating the lead shall be free from impurities other 


- than those permitted in accordance with Paragraph (a). 
MANUFACTURE 


Manufacture 

6. The sheet copper used for lead coating may be finished by hot 
rolling, by hot and cold rolling and annealing, or by cold rolling. Unless 
otherwise specified, the lead coating shall be applied to the sheet before 


forming. 
wing 7. Lead-coated sheet copper shall be furnished as soft (roofing temper) 


or hard (cornice temper), the purchaser to specify whether soft material 
or hard material should be supplied. 


PERMISSIBLE VARIATIONS IN WEIGHTS AND DIMENSIONS oe 
Weights 


8. (2) The minimum weights of lead-coated sheet copper shall con- 
form to the following requirements: 


If the 
OMINAL WEIGHTS OF MINIMUM WEIGHTS OF LEAD-COATED 
CopPpER SHEETS,* OZ. PER SQ. FT. 
under 02. PER SQ. FT. Crass A Crass B Crass C 
7.1 18.4 21.6 
rity of the for copper sheets in case lots (95 per cent) and 
ited W; 
ons fo! 
vad b) The permissible variations in width for sheets shall be as follows: 


He Book of A.S.T.M. Standards, Part I, pp. 568 and 573. 
Supplement to Book of A.S.T.M. Standards, p. 26. 
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SPECIFICATIONS FOR LEAD-COATED SHEETS 


WIDTH, IN. PERMISSIBLE VARIATIONS, IN, 


Wei 
Length 
(c) Sheets ordered to exact lengths may have a variation of +} in - 
in length. ne | 
WORKMANSHIP AND FINISH 
Workmanship and Finish load 
9. Lead-coated copper sheet shall be uniform in quality and temper, and 
clean, smooth, commercially straight or flat, and free from injurious defects. the 
Packing 
10. Lead-coated copper sheets shall be packed in accordance with 1 
en 
good commercial practice in order to protect them from injury and loss 
sam) 
during shipment. 
shi] lhe 
Marking lead 
11. Shipping containers shall be marked with the name and/or brand the ; 
of the manufacturer, the size, number and nominal (copper) weight of may 
the sheets and the weight of the coating, and the purchase order number. 
When required, individual sheets shall be marked with the name and/or class 


brand of the manufacturer and the weight of the coating. 2) ir 


end : 
INSPECTION AND REJECTION the 
Inspection 


and 
12. The manufacturer shall afford the inspector representing the conti 
purchaser, without charge, all reasonable facilities to satisfy him that the grav 
material is being furnished in accordance with these specifications. weig 
Rejection form 
13. Individual sheets may be rejected by the inspector for obvious We 
visual defects in the coating. Material which fails to conform to thes¢ 
specifications will be rejected and the manufacturer shall be notified. We 
METHODS OF SAMPLING AND TESTING wher 


Chemical Analyses 4 
14. The chemical requirements specified in Sections 4 and 5 ; shall be 
determined only on special request and the analyses shall be carried out in 
accordance with the following methods of test of the American Society for 
Testing Materials: 
(a) Copper.—Standard Methods of Battery Assay of Copper (A.S.T.M. 
Designation: B 34);! 


11933 Book of A.S.T.M. Standards, Part I, p. 580. 
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(b) Lead.—Standard Methods of Chemical Analysis of Pig Lead 
(A.S.T.M. Designation: B 35).' 


Weight of Coating Test 

15. When testing is specified, the determination of the weight of the 
lead coating shall be carried out in accordance with one of the three follow- 
ing methods. Unless otherwise specified, Method No. 1 shall be used: 

(a) Method No. 1.—Ten sheets selected at random from each class of 
lead-coated sheets to be furnished shall be weighed before and after coating 
T, and the weight of the coating shall be calculated from the difference on 
IS. the basis of the ordered size. 

(b) Method No. 2.—One sheet, shall be selected at random from each 
class of lead-coated sheets furnished. Four representative samples 2} by 
2! in. shall be cut from each sheet, uniformly spaced along a diagonal, the 
end samples being taken not less than 1 in. from the edge. The four 
samples of each class of sheet so obtained shall be completely dissolved. 
The copper shall be determined by electrolytic assay. ‘The weight of the 
lead coating shall be taken as the difference between the total weight of 
nd the samples and the weight of copper found. If necessary, a separate assay 
of may be made for the tin. 
er. (c) Method No. 3.—One sheet shall be selected at random from each 
or class of lead-coated sheets furnished. Four representative samples 2} by 
2} in. shall be cut from each sheet, uniformly spaced along a diagonal, the 
end samples being taken not less than 1 in. from the edge. After removing 
the burrs, each sample shall be cleaned and finally rinsed with alcohol 
and ether. The weight of the lead-coated sheet and the weight of the 
coating shall be obtained from measurements carefully taken of the specific 
gravity or density of these samples as determined by the usual method of 
weighing in air and water. Calculations may be made from the following 
formulas: 


the 
the 


259 
Weight of lead coating, lb. per 100 sq. ft. = (29.1 — =) VW 


41.5 
Weight of bare copper sheet, oz. per sq. ft. = ( _-* 3.66) vo 


where W = the weight of a sample in air in grams 

D, = the density of water at room temperature 
W XD, 
W—M 
_ M = the weight of the sample in water in grams 
1933 Book of AS.T.M. Standards, Part 


it in D 


the density of the sample = 
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TENTATIVE SPECIFICATIONS Phy: 

FOR 
COPPER-SILICON ALLOY WIRE FOR GENERAL PURPOSES' follc 
A.S.T.M. Designation: B 99 —- 35 T pom 


This is a Tentative Standard and under the Regulations of the Society is subject to Quar 
annual revision. Suggestions for revision should be addressed to the Headquarters of the Half 


Society, 260 S. Broad St., Philadelphia, Pa. et 


IssuED, 1935; REVISED, 1935.7 Sprin 
Senge 


1. These specifications cover round copper-silicon alloy wire for general pat 

structural purposes except for electrical transmission cable. othe 
MANUFACTURE 

Manufacture shov 

2. The material shall be copper-silicon alloy of such quality and purity tests 

that when finished, it shall have the properties and characteristics herein Graii 


specified. 


CHEMICAL PROPERTIES AND TESTS Rule 

Chemical Composition Inch 
3. The material shall conform to the following requirements as to logra 
chemical composition: Mate 


Silicon, per cent Num 
Manganese, max., per cent 1. 
Zinc, max., per cent . | 
Iron, max., per cent 
Tin, max., per cent 
Aluminum, max., per cent....... re : of 10 
Copper, per cent full s 
Sum of above elements, min., per cent 

Chemical Analysis founc 
4. (a) Chemical analysis shall be made on each lot of 5000 Ib. or speci 
fraction thereof. ' the a 

(6) The sample for chemical analysis shall consist of clean drillings. 

millings or clippings taken from representative specimens of wire selected 
for purpose of tests. Equal quantities from each of the specimens sampled Dime 


OF gr 


1 Under the standardization procedure of the Society, these specifications are under the jurisdiction of the § 
A.S.T.M. Committee B-5 on Copper and Copper Alloys, Cast and Wrought. int f é 
By adoption of these specifications, the American Society for Testing Materials does not undertake ™ ract) 
insure anyone utilizing such specifications against liability for infringement of any patent or assume any = : - 
liability, and such adoption does not constitute a recommendation of any patented or proprietary applicatios In m} 
that may be involved. ieigee 
2 Revision accepted by Committee E-10 on Standards, August 22, 1935. 149 
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shall be thoroughly mixed. Samples so prepared shall be divided into three 
equal parts, one for the manufacturer, one for the purchaser, and one for 


an umpire, if necessary. ee 
PHYSICAL PROPERTIES AND TESTS 


Physical Properties 
5. (a) The wire shall conform to the physical properties shown in the 


following table: 
GRAIN S1zE, TENSILE STRENGTH, 


TEMPER MM. LB. PER SQ. IN. BEND 
0.040 max. 56000to068000 ...... 
Extra Hard” (up to #in., incl., only).......  ...... 125 000 min. around itself 
Spring (up to 4 in., incl., only) 135 000 min. around itself 


*No minimum grain size requirement is specified, but all annealed material shall be fully recrystallized. 
‘The terms ‘‘Quarter Hard,” ‘Half Hard,” etc., as used here do not necessarily signify reductions of 
2,4,6and 8 B. & S. numbers hard as would be the case in coppers or brasses. This is because these specifica- 

fd permit of a fairly wide range of composition so that the physical properties listed for any given nominal 
temper might be met by a certain percentage reduction with one alloy and a somewhat different reduction 
with another alloy, both of which alloys would be within the range of composition permitted. 

(b) Tests upon a specimen of wire containing a braze or weld shall 

show at least 95 per cent of the tensile strength of the unbrazed wire. Bend 


tests shall not be made upon specimens including brazes or welds. 
Grain Size Determination 

6. In determining grain size, reference should be made to the Standard 
Rules Governing the Preparation of Micrographs of Metals and Alloys, 
Including Recommended Practice for Photography as Applied to Metal- 


lography (A.S.T.M. Designation: E 2) of the American Society for Testing 
Materials.! 


Number of Tests 

7. (a) Two tension test specimens and one specimen for the bend test 
or grain size determination, where required, shall be selected from each lot 
of 10,000 Ib. or fraction thereof. Tension and bend tests shall be made on 
full sections of the wire. 

(b) If upon testing a specimen from any coil of wire the results are 
ound to be below the values specified in Section 5, tests upon two additional 
specimens shall be made and the average of the three tests shall determine 
the acceptance or re jection of the coil. 


DIMENSIONS AND PERMISSIBLE VARIATIONS 
Dimensions and Permissible Variations 


8. (a) The size shall be expressed as the diameter of the wire in decimal 


fractions of an inch, using not more than three places of decimals; that is, 
in mils, 


N tandar Ss a 
933 Book of A.S.T.M. S$ c ds, I rt I,p 900. 
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PER-SILICON ALLOY WIRE 


(b) Wire shall be accurate in diameter; permissible variations from 
the nominal diameter shall be within the following requirements: 


PERMISSIBLE VARIATION 
Wire DIAMETER OVER 
Under 0.010 in 0.001 in. 0.001 in. 


- (c) Each coil shall be gaged at three places, one near each end and on 
approximately at the middle; the coil may be rejected if the measurements 
at two points being within the accepted limits, the measurement at the 
third point is not within the accepted limits. 


WORKMANSHIP AND I INISH 


Workmanship and Finish 

9. (a) The wire shall be free from all imperfections not consistent 
with the best commercial practice. 

(b) Necessary brazes in wire shall be made in accordance with the 
best commercial practice. 


PACKING 
Packing 
10. (a) Package sizes for wire shall be agreed upon by the manufac. 
turer and purchaser in the placing of individual orders. 
(b) The wire shall be protected against damage in ordinary handling 
and shipping. 


INSPECTION AND REJECTION 
Inspection 
11. The manufacturer shall afford the inspector representing the pur- 
chaser, without charge, all reasonable facilities to satisfy him that the 
material is being furnished in accordance with these specifications. 


Rejection 
12. Material which fails to conform to these specifications will be 
rejected and the manufacturer shall be notified. 
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TENTATIVE SPECIFICATIONS 
FOR 


LEAD AND TIN-BASE ALLOY DIE CASTINGS! 
A.S.T.M. Designation: B 102 - 35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


Scope 


1. These specifications cover die castings made by pressure casting 
from the following alloys: tin-base, lead-base and intermediate. Five 
typical alloys are specified and are designated as Grades Nos. 1 to 5, in 


order of decreasing tin content. 
Chemical Composition 


2. The alloys shall conform to the following requirements as to chemical 
composition, within the limits specified in Section 3: 


Tin, Antimony, Lead Copper Tron, Arsenic, Zine, Aluminum, 
Alloy G max., max., max max., 
y Grade per cent per cent per cent per cent per cent per cont per a oar ean 


eg ae 91 4.5 0.35¢ 4.5 0.08 0.08 0.01 0.01 

SS TRAPS 82 13 0.35% 5 0.08 0.08 0.01 0.01 

<< ae 65 15 18 2 0.08 0.15 0.01 0.01 

5 15 80 0.502 0.15 0.01 0.01 

10 90 0.50° 0.15 0.01 0.01 
Maximum, 


» These alloy grades are similar to Grades Nos. 1, 5, 8 and 12, respectively, of the Standard Specifications for White Metal : 
iz Alloys (Known Commercially as “ Babbitt Metal”) (A.S.T.M. Designation: B 23) of the American Society for Testing 
Materials, see 1933 Book of A.S.T.M. Standards, Part I, p. 841. 


Permissible Variations 

3. The following permissible variations in the percentages of the 
desired elements specified in Section 2 will be allowed, but shall not apply 
to the maximum percentages of impurities specified: 


PERMISSIBLE VARIA- 
TIONS OVER OR UNDER 


PERCENTAGE OF ELEMENT ' THE SPECIFIED VALUE 
SPECIFIED Units oF Per Cent’ 


AS ‘Under the standardization procedure of the Society, these specifications are under the jurisdiction of the 


q 
“oi. Lommittee B-6 on Die-Cast Metals and Alloys. 
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TENTATIVE SPECIFICATIONS 
FOR 
WROUGHT-IRON PLATES! 


A.S.T.M. Designation: A 42-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Head- 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1934; REVISED, 1935. 
Scope 
1. These specifications cover wrought-iron? plates for general 
fabrication purposes, including bending and flanging, in thicknesses 


Manufacture 
2. (a) All plates shall be rolled from blooms, piles or slabs which 
are entirely free from any admixture of iron scrap (Note) or steel. 
(b) Piles for plates shall be made from wrought iron.? The 
constituent bars shall be the full length of the pile. 

Note.—The term iron scrap applies only to foreign or bought scrap and does 
not include local mill products which are free from foreign or bought scrap. Any 
local mill products used shall be the equal or of a higher grade than the material 
specified. 
Chemical Composition 


3. The iron shall conform to the following requirement as to 
chemical composition: 


Tension Tests 


4. (a) The plates shall conform to minimum requirements as to 
tensile properties, calculated from the following formulas: 


1 Under the standardization procedure of the Society, these specifications are under the juris- 
diction of the A.S.T.M. Committee A-2 on Wrought Iron. 

These tentative specifications are in effect a tentative revision of, and will supersede when adopted 
as standard, the present Standard Specifications for Wrought-Iron Plates (A.S.T.M. Designation: 
A 42-30), 1933 Book of A.S.T.M. Standards, Part I, p. 459. 

2 Wrought iron is defined as follows in the Standard Definitions of Terms Relating to Wrought 
Iron Specifications (A.S.T.M. Designation: A 81) of the American Society for Testing Materials: 

Wrought Iron.—A ferrous material, aggregated from a solidifying mass of pasty particles of highly 
refined metallic iron with which, without subsequent fusion, is incorporated a minutely and uniformly 
distributed quantity of slag. 
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A.S.T.M. DESIGNATION: A 42-35 T 


Tensile strength, lb. per sq. in. = 51,000 — (1500 X transverse ductility of plate 
(expressed as percentage elongation in 8 in.) ) 

Longitudinal elongation in 8 in., per cent = 16 — transverse ductility (expressed as 
percentage elongation in 8 in.) 

point, Her 8G. 27,000 


(b) On the basis of the above formulas, the purchaser of the 
plate shall indicate the transverse ductility desired in conformity with 
his fabrication requirements. The usual longitudinal strength and 
ductility are directly related thereto, and are scaled downward in 
ratio to the increase in transverse properties desired. 

(c) Representative requirements in accordance with the formulas 
are as follows: 


MINIMUM LONGITUDINAL 


PROPERTIES 
TRANSVERSE DUCTILITY TENSILE ELonGaTION® 
(ELONGATION IN 8 IN.), STRENGTH,® MIN., IN 8 IN., MIN,, 
PER CENT LB. PER SQ. IN. PER CENT 
51,000 — (1500 X 2) = 48 000° (16 — 2) = 14° 


*See Section 5 (a). 
See Section 5 (b). 


© Test requirements for the usual full longitudinal rolling of the plate. 


(d) The yield point shall be determined by the drop of the beam 
or halt in the gage of the testing machine. ‘The speed of the cross- 
head of the machine shall not exceed 3 in. per minute. 


Modifications in Elongation 
5. (a) For plates over 3 in. in thickness, a reduction of 1000 Ib. 
per sq. in. from the indicated tensile strength will be allowed for each 
increase of } in. in thickness over 3 in., with a proportional reduction 
for fractional parts of 3 in.; but in no case less than 39,000 lb. per sq. in. 
(b) For plates under 37; in. in thickness, a deduction of 1 per cent 
from the percentages of elongation specified in Section 4 shall be made 
for each decrease of 7¢ in. in thickness below 7% in. PS 
Bend Tests i 
6. (a) Cold-bend Tests——The test specimen shall stand being 


bent cold through 90 deg., without fracture on the outside of the bent 
Portion, around a pin the diameter of which is: 


2 40 X thickness of plate 
Specified longitudinal elongation in 8 in., per cent 


. ® - 


4 
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Furnace Control 


5. Rheostats or other means shall be provided that will enable 
the power input to the test furnace to be controlled to close limits. 
It should be possible to alter the power to the furnace by increments 
of less than 0.5 per cent and the voltage of the power circuit should 
not be subject to sudden fluctuations. 


Py Terminal 
Winding ,35', 0.010"x | 
80-20 nickel-chromivm | / 
approximately 10 amp.,!0v.)° 


4 
Asbestos board 


Refractor 


Thermal insulation 
tog" mesh ~ Compensating lead-to 


terminal as above 


<t--Wind approximate! 
turns 
per inch. he end 
turns with nickel- 
chromium wire 


Refractory tube 


"Refractory cement over 
winding 
63'0.d. x," thick 
shee? steel 


2 Drill for lead 
and terminal 


roximate position test specimen 


Refractory end plug 


flange 
Jube support 
asbestos board 


App 


| 


tos. ~ 
End plate ashes tos 


End plate steel- 


10-32 Flat -head screw 
8 equally spaced 


Fic. 1.—Expansion Furnace. 


Furnace Power Measuring Instruments 

6. A wattmeter or other means shall be provided that will enable 
the power input to the furnace to be measured with an accuracy of 
5 per cent and which is sufficiently sensitive to clearly indicate power 
changes of 1 per cent. 

7. (a) Thermocouples and Potentiometer—During the test the 
temperatures near the ends and middle of the specimen shall be de- 


termined by means of thermocouples with an accuracy of +5 C. The 
sensitivity of the potentiometer or the device used for measuring the 
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temperature shall be such that the temperature differences or tempera- 
ture changes of 2 C. or more are clearly indicated. 

(b) Nickel chromium - nickel aluminum (sold as Chromel-Alumel 
or Nichrome T-1—Nichrome T-2), nickel chromium - constantan (sold 
as Chromel-constantan or Nichrome T-1—constantan), iron-con- 
stantan, or platinum-rhodium thermocouples, in conjunction with a 
potentiometer, may be used. If the potentiometer is of the industrial 
type, it shall be calibrated and the scale corrections thus determined 
shall be applied. The cold junctions shall either be maintained at 
0 C. by means of an ice bath or else the temperature determined by 
means of a liquid-in-glass thermometer placed very near them. 

(c) Iron-constantan or nickel chromium - constantan (sold as — 
Chromel-constantan or Nichrome T-1—constantan) couples shall not 
be used for runs above 500 C. and nickel chromium - nickel aluminum 
(sold as Chromel-Alumel or Nichrome T-1—Nichrome T-2) couples 
for runs above 800 C. If base-metal couples are used they shall not 
be smaller than B. & S. gage No. 28 and shall be taken from coils of 
wire from which at least two other couples selected from different 
parts of the coil have been calibrated. Each sample shall be used for 
not more than two cycles of heating and cooling. 

(d) A platinum-rhodium couple shall be used above 800 C., 
protected by a porcelain tube to within a few millimeters of the hot 
junction. ‘The end of the couple shall be sealed through the end of 
the protection tube by pyrex glass (or a small amount of kaolin and 
water-glass cement) to prevent contamination of the couple, with the 
exception of a small length of 2 or 3 mm. near the hot junction which 
is attached to the specimen. After each cycle of heating and cooling, 
the seal shall be examined and if it is not in good condition, or if the 
projecting ends of the wires are brittle, this part of the wires shall be 
cut off and enough wire drawn through the seal to form a new junction. 


TEST SPECIMEN 

Shape and Size of Specimen 
8. The test specimen shall be a rod 4 in. +0.01 in. in length with 
the ends machined flat and parallel to within 0.0001 in. The measure- 
ment of the length shall be made after the thermocouples have been 
attached, in order to avoid the chance of error in the measurement 
due to any change caused by the method of attaching the thermo- 
couples. The diameter shall be not less than } nor more than 4% in., 
and shall not vary throughout the length of a specimen more than 
0.01 in. The surface shall be free from scratches or other surface 
irregularities that can interfere with freedom of motion of the speci- 


men in the dilatometer. , 
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694 ‘TENTATIVE SPECIFICATIONS FOR WROUGHT-IRON PLATES 


Other Tests 
9. Where desired, the purchaser may, at his own expense 


subject the material to chemical, microscopic, or other tests to deter- 
mine its quality in conformity with the intent of these specifications, 


Variations in Weight and Thickness 

10. The weight or thickness of plates shall be covered by the 
following permissible variations. One cubic inch of wrought iron is 
assumed to weigh 0.2776 lb. 

(a) Plates, When Ordered to Weight per Square Foot.—The weight 
of each lot! of plates in each shipment shall not vary from the weight 
ordered more than the amounts given in Table I. 

(b) Plates, When Ordered to Thickness—The thickness of each 
plate shall not vary more than 0.01 in. under that ordered. 

The overweight in each lot! of plates in each shipment shall not 
exceed the amounts given in Table IT. 


Finish 

11. The plates shall be straight, smooth and free from cinder 
spots and holes, injurious flaws, buckles, blisters, seams and 
laminations. 


Marking 


12. The plates shall be stamped or otherwise marked as designated 
by the purchaser. 


Inspection 

13. (a) The inspector representing the purchaser shall have free 
entry, at all times while work on the contract of the purchaser is 
being performed, to all parts of the manufacturer’s works which 
concern the manufacture of the plates ordered. The manufacturer 
shall afford the inspector, without charge, all reasonable facilities to 
satisfy him that the plates are being furnished in accordance with 
these specifications. All tests and inspection shall be made at the 
place of manufacture prior to shipment, unless otherwise specified, 
and shall be so conducted as not to interfere unnecessarily with the 
operation of the works. 

(b) The purchaser may make the tests to govern the acceptance 
or rejection of plates at his own laboratory or elsewhere. Such tests, 
however, shall be made at the expense of the purchaser. 


1 The term “lot” as applied to Table I means all the plates of each group width and group weight 
As applied to Table II, it means all the plates of each group width and group thickness. 
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Rejection 


14. (a) Unless otherwise specified, any rejection based on tests 
made in accordance with Section 13 (b) shall be reported within five 
working days from the receipt of samples. 

(b) Material which shows injurious defects subsequent to its 


acceptance at the manufacturer’s works will be rejected, and the 
manufacturer shall be notified. 


Rehearing 


15. Samples tested in accordance with Section 13 (b), which 
represent rejected plates, shall be preserved for two weeks from the 
date of the test report. In case of dissatisfaction with the results of 


the tests, the manufacturer may make claim for a rehearing within 
that time. 
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(b) Apply power to the furnace and adjust from time to time to 
- give the desired heating or cooling rate. 

(c) Take temperature and dilatometer readings alternately and 
record together with the times of each of the readings. 

(d) The final measurement of the specimen shall be performed 
as specified for the standard method in accordance with Section 11. 

(e) From these readings plot time-temperature curves for each 
of the thermocouples and also a time-dilation curve, all referred to a 
common time zero. By means of these curves the temperatures and 
the corresponding dilatometer readings can be closely approximated 
_ for each of an arbitrarily chosen series of times. These coordinated 
_ temperature and dilatation values enable the construction of tempera- 
_ture-dilatation curves of sufficient accuracy for many purposes and 
are acceptable if the procedure has been previously agreed upon. 


REPORT 


13. Identification of Specimen.—The report shall include the 
following information concerning the test specimen: 

(a) Date of test. 

(b) Designation of material. The chemical analysis is valuable 

_ in identifying the material. 

(c) History of material, especially that relating to thermal or 
-mechanical treatment, whether cast or wrought, etc. 

(d) Notes as to physical appearance of specimen, straightness, 
defects, or other observations that may have a bearing on the inter- 
pretation of the test data. 

(e) Remarks as to final physical appearance of sample and condi- 
tions of oxidation, warping, cracks, etc., and any other data which 
_may have a bearing on the interpretation of the test data. 

14. Data for Standard Method.—When the standard method is 

used, the report shall include the following information: 

(a) Initial length and diameter of specimen and temperature 
at which they were measured. 

(b) Test data at elevated temperatures as follows: 

(1) Observed temperatures. 
(2) Corresponding dilatometer readings. 
(3) Corresponding observed length changes referred to 
the original length of the specimen as datum. 
(4) Corrections to be applied to (3) to compensate for 
the dilation of that portion of the dilatometer 
tube opposite the test specimen. 
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15. Data for Rapid Method.—When the rapid method is used, the _ 
report shall include the following information: 
(a) Test data at room temperature as follows: 
(1) Length of specimen; 
(2) Diameter of specimen. 
(6) Test data at elevated temperatures, in the form of tables or 
graphs, as follows: 
(1) Observed temperatures; 
(2) Times of observation; ; 
(3) Corresponding dilatometer readings; 
(4) Times of dilatometer observations; 
_ (5) Time-temperature and time-expansion curves; 
(6) Table showing: 
(a) Arbitrarily chosen temperatures in test range; 
(b) Dilatometer readings corresponding in time to 
temperatures of (a); 
(c) Length changes derived from () referred to original 
length of specimen as datum; 
(d) Corrections for expansivity of dilatometer as de- 
scribed under Section 16. 
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698 TENTATIVE SPECIFICATIONS FOR WROUGHT-IRON RIVETS 


physical test requirements of Section 4 and breaks outside the middle 
third of the gage length, as indicated by scribe scratches marked on 
the specimen before testing, the individual specimen shall be rejected 
and one retest from a different bar will be allowed. 


Micrographic Examination 

8. In case of doubt as to the presence of steel, the purchaser 
may, at his own expense, make micrographic examination to assist 
in determining whether the material conforms to the requirements 


Permissible Variations 


9. The diameter of rivet bars shall not vary from that specified 
by more than the amount given in the following table: 


PERMISSIBLE OuT oF 
VARIATIONS IN Rounp, 
DIAMETER, IN. DIAMETER, IN. IN. 


Up to }, inclusive +0 .007 0.010 

Over } to 1, inclusive +0.010 0.013 

Over 1 to 1}, inclusive +0 .012 0.016 

Over 1} to 1}, inclusive +0.015 0.021 

Over 1} to 2, inclusive +0 .022 0.023 
Finish 

10. The bars shall be smoothly rolled and shall be free from 
slivers, depressions, crop ends and seams, and shall show no evidence 
of being burnt. 

INSPECTION AND REJECTION 
Inspection 

11. (a) The inspector representing the purchaser shall have free 
entry, at all times while work on the contract of the purchaser is 
being performed, to all parts of the manufacturer’s works which con- 
cern the manufacture of the material ordered. The manufacturer 
shall afford the inspector, without charge, all reasonable facilities to 
satisfy him that the bars are being furnished in accordance with 
these specifications. Tests and inspection at the place of manu- 
facture shall be made prior to shipment. 

(b) The purchaser may make the tests to govern the acceptance 
or rejection of material in his own laboratory or elsewhere. Such 
tests, however, shall be made at the expense of the purchaser. 

(c) All tests and inspection shall be so conducted as not to inter- 
fere unnecessarily with the operation of the works. _ 


Rejection 

12. (a) All bars of one size in any one lot will be rejected if the 
test specimens representing that size and lot do not conform to the 
requirements specified. 
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(b) Unless otherwise specified, any rejection based on tests 
made in accordance with Section 11 (b) shall be reported within 
five working days from the receipt of samples. 


Rehearing 

13. Samples tested in accordance with Section 11 (b), which 
represent rejected material, shall be preserved for two weeks from 
the date of the test report. In case of dissatisfaction with the results 
of the tests, the manufacturer may make claim for a rehearing within 
that time. 


_ B. Requirements for Finished Rivets 
Material 


14. The material used in the manufacture of the rivets shall 
conform to the requirements for rolled bars as specified in Sections 1 


to 13, inclusive. 


Fic. 1.—Flattening Test. 


PHYSICAL PROPERTIES AND ‘TESTS *. 
Flattening Test 


15. The rivet head shall stand being flattened, while hot, to a 
diameter two times the diameter of the shank, as shown in Fig. 1, 


without cracking at the edges. 


Etch Test 
e 16. The rivet shall be split longitudinally through head and 
n shank. After grinding or polishing and etching in acid,' the section 
shall show freedom of folds at base of head, and the fiber lines shall 
show symmetrical displacement. (See Fig. 2). 


Number of Tests 


17. Three flattening and three etch tests shall be made from 

ie 
‘A solution of 10 per cent hydrochloric acid (sp. gr. 1.19), 30 per cent sulfuric acid (sp. gr. 1.84), 
and 60 per cent water; or 25 per cent nitric acid (sp gr. 1.42) and 75 per cent water, is recom- 
Mended for the etch test. 


| 
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4 in. above the centering screws. The grooves of the V blocks engage the 
fiduciary projections at the top of the dilatometer tube. The axis of one of the 
V grooves is parallel to the dilatometer axis and provides transverse and rota- 
tional constraint. The other V groove lies in a plane perpendicular to the 


- dilatometer axis and provides axial constraint as well as lateral constraint in 
- directions at right angles to that provided by the other V block. A thin metal 


strap with threaded terminals is provided to hold the dilatometer in contact 


with the four guide elements. This set-up locates the dilatometer in a fixed 


and reproducible manner with respect to a definite plane passing through the 


Quartz comparsion 
elements 


--Tube and gage 
carrier 


a 


Fic. A3.—General Assembly of Expansion Test Apparatus. 


transverse V block and so causes all axial changes to be referred to this guide 


block. The length of the transmission rod is so adjusted that its upper end 


lies in or near the plane perpendicular to the dilatometer axis and passing through 
the apex of the transverse V groove. Thus the expansion of the carrier member 


_ between this plane and the parallel plane passing through the point of attach- 
ment of the dial gage is compensated by the nearly equal and oppositely directed 


expansion of the gage between its point of attachment and the lower end of the 
gage contact pin. 

Figure A3 shows an assembly of the furnace and dilatometer parts mounted 
on an inclined base so that the test specimen is held by gravity against the 
guiding indentations in the dilatometer tube while at the same time being free 
of any appreciable bending stresses that would tend to cause plastic flexure at 
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Attachment of the dilatometer carrier to the upper head of the furnace — 
gives a very satisfactory assembly, but requires that this end of the furnace be 
provided with good thermal insulation and that heat flow to and along the 
carrier be obstructed as much as possible as by placing insulation under the 
attachment lugs and cutting holes or transverse slots in the webs of the carrier 
to reduce the effective cross-section offered to the flow of heat. 


Microscope 


\ 


} bands, 
Je. 


furnace 4 
| “Fixed clamp 


Fic. A4.—Type of Assembly for Use With Microscope. 


Quartz Tube, 11 in. 

Specimen, 2 in. long by 0.120 in. Diameter, Planed Ends. 
a of Quartz, 0.00000054. 

Quartz Rods and Tube Compensate Each Other. 
Correction Made for 2-in. Quartz Tube at Specimen. 


In Fig. A4 is shown a type of assembly that is intended for use with a 
microscope as a means of measuring dilatation. This representation is diagram- 
matic only and if this scheme is followed care shall be taken to provide such 


details of support for the cooperating parts as will ensure the required sensitivity 
and accuracy. 
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side. ‘These specimens, so far as practicable, shall be cut from sheets that 
are imperfect outside the zone from which the specimens are to be taken 
(c) The bend test shall be made on a specimen from one sheet in each 
lot of 250 sheets or fraction thereof of each gage. 
(d) If any test fails to meet the requirements, a retest shall be mac 
from two other sheets of the same lot, both of which shall meet th 
requirements. 


Weight 
5. (a) The weight per square foot shall conform to the following 
requirements: 


~ APPROXIMATE APPROXIMATE 

WEIGHT ‘THICKNESS, ‘THICKNESS, 

» PER SQUARE Foor, FRACTIONS DECIMALS 
GAGE OF AN INCH OF AN INcH 


0.172 
0.156 
0.141 
0.125 
0.109 
0.094 
0.078 
0.070 
0.063 
0.056 
0.050 
0.044 
0.038 
0.034 
0.031 
0.028 
0.025 
0.022 
0.019 
0.017 
0.016 


(b) A permissible variation in tonnage weight of 2} per cent over 0! 
under for gages Nos. 17 to 28, inclusive, and 5 per cent over or under for 
gages No. 16 and heavier shall be allowed. 


Dimensions 
6. Sheets shall conform to the dimensions specified, within the per 
_missible variations prescribed in the following Paragraphs (a) to (c): 
(a) The width shall not be less than specified, but may be } in. ove 
= sheets 48 in. or less in width, and 3 in. over for sheets over 48 in. in 
width. 
(b) The length shall not be less than that specified, but for sheets 
96 in. or less in length it may be ? in. greater. For each 24 in. or fractio? 
aan over 96 in., the permissible variation may be increased } in. over 412 


(c) When sheets are required accurate to size, they shall be ordered 
_ “re-squared.” Re-squared sheets shall not be less than the ordered width 


Ra 
| 
an 
ler 
wl 
wl 
fac 
all 
of 
No. 8 6.875 afi 
— 2.25 Iso 
at Ad, shi 
: 


A.S.T.M. DESIGNATION: A 162-35 T 703 


and Jength and shall not be more than jg in. over the ordered width and 
length, except for sheets over 48 in. in width or over 120 in. in length, in 
which case the permissible variation over the ordered size shall be § in. — 


8 
Marking 
7. The top sheet of each bundle or the top sheet of a number of sheets 
when shipped loose, shall show legibly the name and brand of the manu- 


facturer, gage and size, unless otherwise ordered. — ; 
Inspection 


8. The inspector representing the purchaser shall have free entry, at 
all times while work on the contract of the purchaser is being performed, 
to all parts of the manufacturer’s works which concern the manufacture 
of the material ordered. ‘The manufacturer of the material ordered shall 
afiord the inspector, without charge, all reasonable facilities to satisfy him 
that the material is being furnished in accordance with these specifications. 
All tests and inspections shall be made at the place of manufacture prior 
to shipment, unless otherwise specified, and shall be so conducted as not 
to interfere unnecessarily with the operation of the works. 

Rejection 

9. (a) Sheets represented by samples which fail to conform to the 
requirements of these specifications will be rejected, and the manufacturer 
shall be notified. 

(b) Samples tested in accordance with these specifications which repre- 
sent rejected material shall be preserved for two wecks from the date of the 
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768 MertHop or CHEMICAL ANALYSIS OF CEMENT 
ately filtered, and the separated silica washed thoroughly with hot water 
and reserved. ‘The filtrate shall again be evaporated to dryness, the residue 
being baked in an oven 1 hr. at a temperature of 105 to 110 C. The residue 
shall then be taken up with 10 to 15 ml. of dilute HCl (1:1) and heated on 
the hot plate. The solution shall be diluted with an equal volume of hot 
water and the small amount of silica it contains caught and washed on 
another filter paper. ‘The filtrate and washings shall be reserved. This 
paper and the reserved paper containing the residues shall be transferred 
to a weighed platinum crucible, dried, ignited first over a bunsen burner 
until the carbon of the filter paper is completely consumed without flaming 
and finally over a burner or in an electric oven at 1100 to 1200 C. until the 
weight remains constant. 

(b) The silica thus obtained will contain small amounts of impurities. 
It shall then be treated in the crucible with a few drops of water, about 
10 ml. of HF and one drop of H,SO, and evaporated to dryness over a low 
flame. ‘The small residue shall be finally heated at 1050 to 1100 C. 
for a minute or two, cooled, and weighed. The difference between this 
weight and the weight previously obtained represents the amount of silica. 
Washing of the silica precipitates can be made more effective by using a hot 
solution of dilute HCl (1:99), and then completing the washing with hot 
water. The weighed residue remaining after volatilization of the silica 
shall be considered as combined aluminum and ferric oxides and added to 
the result obtained in the determination of these oxides. 


FERRIC OXIDE AND ALUMINA _ 
Method 


5. The reserved filtrate (Note), which should have a volume of about 
250 ml., is treated with HCl, if necessary, to insure a total of 10 to 15 ml. 
of the acid, a few drops of methyl red indicator and then heated to boiling. 
It shall then be treated with NH,OH, drop by drop, until one drop changes 
the color of the solution to a distinct yellow. The solution containing the 
precipitated iron and aluminum hydrates shall be brought to boiling, boiled 
for 1 or 2 min., and then filtered. The precipitate is washed once by 
decantation and slightly on the filter with a hot 2 per cent solution of 
ammonium nitrate. Setting aside the filtrate, the precipitate and filter 
paper shall be transferred to the same beaker in which the first precipitation 
was effected. The iron and aluminum hydrates shall then be dissolved in 
hot diluted HCl (1:3), the solution made up to about 100 ml., and the 
hydrates reprecipitated as in the first case. The solution shall then be 
filtered and the precipitate washed with two 10-ml. portions of a hot 2 pé 
cent solution of ammonium nitrate. The filtrate and washings shall be 
combined with that set aside, and the precipitate placed in a weighed 
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platinum crucible, slowly heated by a bunsen or Meker burner until the 
papers are charred, and finally ignited to constant weight at 1050 to 1100 C. 
with care to prevent reduction, and weighed as Al,O; + Fe,Os. 


Note.—If a platinum evaporating dish has been used for the dehydration of silica, 
iron may have been partially reduced. At this stage, add about 3 ml. of saturated aqueous 
solution of bromine to the filtrate and boil the filtrate to eliminate the excess bromine 
beforeadding methyl red indicator, 


FERRIC OXIDE 


= determination is not affected by any titania or vanadium oxide that 
may bein the cement. It is, therefore, understood that these are counted as Al,O, in this 
method. If the precipitations of aluminum and iron are made as directed, little if any 


Solutions Required 


6. The following solutions will be required: 

(a) Stannous Chloride-——Dissolve 5 g. of the crystallized salt in four 
times its weight of a mixture of three parts of water and one of HCI (sp. gr. 
1.19). Add scraps of iron-free granulated tin and boil until the solution 
is clear. Keep the solution in a closed dropping bottle containing 
metallic tin. 

(b) Phosphoric Acid Mixture——Add slowly and with stirring 150 ml. 
of orthophosphoric acid (sp. gr. 1.71), and 150 ml. of sulfuric acid (sp. gr. 
1.84), to 500 ml. of water and then dilute to 1000 ml. with water and mix. 

(c) Diphenylamine Indicator.—Dissolve 1 g. of diphenylamine in 100 
ml. of sulfuric acid (sp. gr. 1.84). 

(d) Standard Potassium Dichromate Solution.—Dissolve 2.457 g. of 
potassium dichromate in distilled water and dilute to 1 liter. Standardize 
against standard iron wire of known iron content in the same manner as 
directed for the ferric oxide determination in cement (Section 7), using a 
weight of iron wire which will yield a titration approximately equal to that 
tequired by the cement sample in question. . 


Method 


7. To a 1-g. sample of cement shall be added 20 ml. of cold water and 

10 ml. of HCl (sp. gr. 1.19). The solution shall be heated and the material 
ground with the flattened end of a glass rod until it is evident that decom- 
Position of the cement is complete. The solution shall be diluted to 50 ml. 
and heated to boiling. ‘The solution shall then be treated with 5 ml. of 
HCI (sp. gr. 1.19) and then with a solution of stannous chloride, added 
P by drop while stirring, until the solution is decolorized, when one drop 
more shall be added. ‘The solution shall be cooled to room temperature, 
the inside of the vessel shall then be rinsed with water and 10 ml. of a cool 
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acid method, as described in Sections 5 to 9 of the Standard Methods oj 
Determining Weight and Uniformity of Coating on Zinc-Coated (Galvar 
ized) Iron or Steel Articles (A.S.T.M. Designation: A 90) of the America 
Society for Testing Materials! The weight of coating, in ounces per 
square foot, is numerically equal to that determined in grams from a samp] 
2} in. square. 


Bend Tests 

6. (a) Base Metal Tests.—Any part of the test specimen specified in 
Section 7 shall stand being bent cold without fracture of the base metal as 
follows: Where the line (axis) of the bend is parallel to the length of the 
sheet, 180 deg. over seven thicknesses of the material; and where the line 
(axis) of the bend is parallel to the width of the sheet, 180 deg. over three 
: thicknesses of the material. A vise with smooth jaws and operated by 
hand shall be used for making the bend tests. 

(b) Coating Tests.—Sheets of Classes A and B of the following gages 
shall stand corrugating and also subsequent curving, as given below, with- 
out flaking of the coating. The corrugation for these tests shall not be 
less than 23 in. in width and not more than 3 in. in depth. 


DIAMETER OF Cik 


For sheets of Class C of No. 16 gage and lighter, any part of the test 
specimen specified in Section 7 shall stand being bent with the line (axis 
of the bend parallel to the width of the sheet through 180 deg. over three 
thicknesses of the material without flaking of the coating. 


Test Specimens 

7. For the triple and minimum spot tests, three specimens exactly 
2} in. square shall be cut from each test sheet, one being cut from the cente! 
and the others from diagonally opposite corners, but at least 4 in. from the 
end and 2 in. from the side. The bend test specimens shall be from 3 t0 
4 in. in width and shall be cut from the test sheet at least 4 in. from the 
end and 2 in. from the side. These specimens, so far as practicable, sha! 
be cut from sheets that are imperfect outside the zone from which the 


specimens areto be taken. 


Number of Tests 

8. (a) Weight tests shall be made of not less than 1 per cent of the 
sheets of each gage and ordered coating, or at approximately hourly periods 
If an inspector representing the purchaser witnesses and accepts welg!! 


4 


11933 Book of A.S.T.M. Standards, Part I, p. 317. 
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tests, the triple and minimum spot tests shall not be made. If a certificate 
of weight tests be accepted, the triple and minimum spot tests shall not 
be made. 

(b) The bend and spot tests, if required, shall be made from one sheet 
in each lot of 250 sheets or fraction thereof, of each gage and ordered 
coating. 

(c) If any test fails to meet the requirements of these specifications, 
a retest shall be made from two other sheets in the same lot, both of which 
shall meet the requirements. 


Dimensions and Permissible Variations 


9. The sheets shall conform to the ian meatiel within the 
permissible variations prescribed in the following Paragraphs (a) to (c): 

(a) The width shall not be less than that specified but may be } in. 
over for sheets 48 in. or less in width, and ? in. over for sheets over 48 in. 
in width. 

(b) The length shall not be less than that ordered, but for sheets 
96 in. or less in length it may be ? in. greater. For each 24 in. or fraction 
thereof above 96 in., the permissible variation shall be increased } in 
over 3 in. 

(c) When sheets are required accurate to size, they shall be ordered 
“re-squared.” Re-squared sheets shall not be less than the ordered width 
and length and shall not be more than ; in. over the ordered width and 
length, except in the case of sheets over 48 in. in width or over 120 in. in 
length, in which case the permissible variation from the ordered size shall 
be in. Should the sheets be re-squared before galvanizing, double the 
foregoing tolerances are permissible. 


Weight 


10. The gage of galvanized — shall be determined by weight only. 
The weight per square foot of galvanized sheet shall conform to the follow- 
ing requirements within the permissible variations prescribed in Table IIT: 


WEIGHT OF WEIGHT OF 
GALVANIZED SHEETS, GALVANIZED SHEETS, 
G ALL CLASSES ALL CLASSES 
a SHEET OZ. PER b GALVANIZED SHEET Z. PE LB. PER 
GE 


SQ. FT. 
.656 
.406 
.156 
.906 
.844 
.656 
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METHOD oF CHEMICAL ANALYSIS OF CEMENT 


Method A. Acid-Alkali Method for Rapid Determination of Magnesia’ 


Solutions Required 

11. The following solutions will be required: 

(a) Trinitrobenzene Indicator—Dissolve 1.0 g. of c.p. 1-3-5 trinitro- 
benzene in 100 ml. of ethyl alcohol (95 to 100 per cent). 

(b) Phenolphthalein Indicator.—Dissolve 0.4 g. of c.p. phenolphthalein 
in 100 ml. of ethyl alcohol (50 per cent). 

(c) Standard Sodium Hydroxide Solution.—Dissolve 13.0 g. of sodium 
hydroxide in water, add 10 ml. of a freshly filtered saturated barium 
hydroxide solution, and dilute to 1 liter with distilled water which has been 
recently boiled and cooled. Shake the solution from time to time for several 
hours, and filter into a tubulature bottle fitted with an automatic burette 
Protect the solution from carbon dioxide in the air, with soda-lime tubes 
at the top of the bottle and the burette. 

The solution as prepared is approximately 3} N, and shall be standard- 
ized against acid potassium phthalate or benzoic acid acidimetric standards 
furnished by the National Bureau of Standards, using the methods in the 
certificates accompanying the standard samples. The exact normality of 
the solution shall be determined, and its MgO equivalent calculated on the 
basis that 1 ml. of a normal solution is equivalent to 0.02016 g. of MgO. 

(d) Standard Acid Solution.—Dilute 32.0 ml. of HCl (sp. gr. 1.19) or 
26.0 mJ. of HNO; (sp. gr. 1.42) to 1 liter with distilled water. ‘This solution 
will be slightly in excess of } N, and shall be standardized against the 
standard sodium hydroxide solution, using phenolphthalein indicator, and 
adjusted by dilution until the two solutions are of equal strength. 

(e) Potassium Iodide—Starch Paper.—Mix equal volumes of a 5 
per cent potassium iodide solution and a 1 per cent soluble starch solution, 
and dip strips of filter paper into the mixture. 


12. (a) To 5.0 g. of cement in a 600-ml. beaker shall be added about 
50 ml. of water and 50 ml. of HCl (1:1), and the solution boiled until the 
cement is completely in solution, excepting possibly some silica which may 
separate out (Note 1). Then 5 ml. of saturated bromine water shall be 
added and the boiling continued until the excess bromine is completely 
expelled, as indicated by the absence of a blue coloration on potassium 
iodide - starch paper when held in the issuing steam. ‘The solution shal 
then be diluted to about 250 ml. with hot water and a 20 per cent soluti0! 
of sodium hydroxide added to the boiling solution from a pipette, until the 


1 This procedure is a modification of the method originally published by Fred P. Diener in Concrete, Vol. 3, 
No. 6, December, 1931. The changes, which are in minor details and do not affect the underlying ema 
of the method, were made by the author in cooperation with the Working Committee on Methods of Ch ie 
Analysis of Cement of the A.S.T.M. Committee C-1 on Cement for use in the investigations sponso 


working committee. The theory of the method is discussed in the original article. 
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excess acid is neutralized and a permanent precipitate just forms. Then, 
continuing the boiling, HCl (1:1) shall be carefully added from a pipette 
until the precipitate dissolves and the solution assumes a yellow ferric 
chloride color, avoiding much excess acid. The sides of the beaker shall be 
washed down with hot water and the boiling continued for a minute or two, 
and then the beaker shall be removed from the burner. 

(b) To the solution shall be cautiously added 4.0 g. of calcium car- 
bonate (weighed to the nearest 0.1 g.). This amount should be sufficient 
tocompletely neutralize the acid, with some excess. The solution shall then 
be diluted to about 400 ml. with hot water and boiled vigorously for 10 
min. ‘The solution shall be removed from the burner, and a 0.5 per cent 
potassium permanganate solution carefully added to the hot solution from 
a burette, with vigorous stirring, until the supernatant liquid shows a faint 
pink color after settling for a moment. Avoid use of more permanganate 
than necessary to produce a faint pink color. Then the boiling shall be con- 
tinued for 2 min., 2.0 ml. of ethyl alcohol added, and the boiling continued 
for a few minutes or until the pink color has disappeared (Note 2). 

(c) The contents of the beaker shall then be transferred to a 500-ml. 
volumetric flask, cooled to room temperature, diluted to the mark, and 
mixed by shaking. The solution shall be filtered through a dry paper, and 
after discarding the first 10 or 20 ml. of filtrate, 200 ml. of the filtrate shall 
be transferred with a pipette to a 500-ml. Erlenmeyer flask. The solution 
in the flask shall be heated to boiling, and 3.0 ml. of trinitrobenzene indicator 
added. Then standard sodium hydroxide solution shall be added 1.0 ml. 
at a time with intermittent boiling for a few seconds, until the magnesium 
is completely precipitated and a definite pink color persists on boiling. 
The total amount of alkali used shall be recorded (Note 3). 

(¢) The solution shall be transferred to a 250-ml. volumetric flask, 
cooled to room temperature, diluted to the mark, and mixed by shaking. 
The solution shall be filtered through a dry paper, into a graduated cylinder, 
discarding the first 10 or 20 ml. of filtrate, until 125 ml. of filtrate are 
secured. The 125 ml. of filtrate shall be transferred to a flask, a few drops 
of phenolphthalein indicator added, and the solution titrated with standard 
acid solution to the disappearance of the pink color. 

(e) Calculation.—If the acid and alkali solutions are of equal strength, 
the quantity of alkali in milliliters minus twice the quantity of acid in 
milliliters is equivalent to the MgO in a 2-g. sample: 


MgO, per cent = 


100 —2 
== < MgO equivalent of 1 ml. standard alkali 
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71 SPECIFICATIONS FOR AUTOMOTIVE GRAY-IRON CASTINGS 


case the size of the transverse test bars is not specified, the 1.2-in. diameter 
bar shall be used. 


Tensile Strength 
7. Tension tests are not recommended as a part of these specifications 
except upon mutual agreement between the manufacturer and purchaser. 
_ In general, tension tests are for information only. Where tension tests 
r are made, the tension test specimens shall be machined from that portion 
of the casting where specified. The dimensions of the tension test speci- 


TABLE I.—PHYSICAL PROPERTIES* OF PLAIN CAsT IRON. 


Transverse | Transverse Sireneth, 


Strength, | Deflection, 
min., lb. min., in. 


min., Uses 
Ib. per sq. in. 


t-in, sections: Brinell, 192 max. Miscellaneous 
Sections over 4 in: Brinell, 163 soft iron 
max. castings 


Cylinders, 
Brinell, 163 to 207 


cases 


Rockwell “B,” 98 to 106 Piston rings 


@ For more complete information on physical properties, etc., see A.F.A.-A.S.T.M. Symposium on Cast Iron, Proceedings, 
Am. Soc. Testing Mats., Vol. 33, Part II, p. 115 (1933). : 

® These numbers are identical with corresponding S.A.E. numbers in the Standard Specifications for Automotive Gray- 
Iron Castings of the Society of Automotive Engineers. 

¢ Brinell hardness tests are to be made using 10-mm. ball and 3000-kg. load. 


TABLE II.—PuHysICAL PROPERTIES? OF ALLOY CAST IRON. 


Tensile 
Strength, 
min., 
lb. per sq. in. 


Brinell, 207 to 241 0.20 min. Cylinders 
Brinell, 179 to 212 0.27 to 0.37 Cylinders 
Brinell, 217 to 248 0.30 to 0.36 Cylinders | 
Brinell, 212 to 241 0.20 to 0.30 Cylinder liners 
Brinell, 187 to 228 are acne | rake drums 
.| Brinell, 207 to 241 0.24 to 0.34 sprockets 
Brinell, 228 to 269 plates 
Brinell, 187 to 228 ons The 
lron Casti 


Transverse | Transverse 
Hardness° Strength, Deflection, 
min., lb. Ib. 


Uses 


@ For more complete information on physical properties, etc., see A.F.A.-A.S.T.M. Symposium on Cast Iron, Proceedings, 
Am. Soc. Testing Mats., Vol. 33, Part II, p. 115 (1933). . J - 

© These numbers are identical with corresponding S.A.E. numbers in the Standard Specifications for Automotive Gray- pract) 
Iron Castings of the Society of Automotive Engineers. o a6 

¢ Brinell hardness tests are to be made using 10-mm. ball and 3000-kg. load. indica 
compe 
Costs, 
the p 
kinds 
Mutua 
Classes 
copper 


men will be governed by the section of the casting from which it is machined. 
The tensile strengths shown in Table I for plain cast iron and in Table II 
for alloy cast iron refer to test specimens machined from castings. If 
desired, by mutual agreement between the manufacturer and purchaser, 
tension test specimens may be machined from arbitration test bars and 
tested in accordance with the Tentative Specifications for Gray-Iron Cast- 
ings (A.S.T.M. Designation: A 48-35 T) of the American Society for 


Testing Materials.' 


1 See p. 713. 
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CHEMICAL COMPOSITION 

Chemical Composition 

8. (a) Plain Cast Iron.—The analyses in Table III are typical of 
plain cast iron but are not to be construed as required. With good foun- 
dry practice the physical properties given in Table I are usually met when 
the indicated analysis is used, although some variations from the suggested 
compositions may be necessary. 

(b) Alloy Cast Iron.—The analyses in Table IV are typical of > . 
cast iron but are not to be construed as required. With good foundry 


TABLE III.—CHEMICAL COMPOSITION OF PLAIN CAsT IRON. 


— 


ngs, 


Total 
Carbon, 
per cent 


Combined 
Carbon, 
per cent 


Manganese, 
per cent 


Phosphorus, 
per cent 


Sulfur, 
max., 
per cent 


Silicon, 
per cent 


Uses 


3.454+0.15 


3.25+0.15 


3.45+0.15 


0.45+0.15 


0.60+0.10 


0.60+0.10 


0.60+0.10 


0.30 max. 


0.20 max. 


0.60+0.15 


0.13 


0.13 


0.10 


2.5040.10 


2.204.0.10 


2.90+0.10 


soft iron 


Miscellaneous 
castings 


Cylinders, 
flywheels, 
transmission 
cases 


Piston rings 


* These numbers are identical with corresponding S.A.E. numbers in the Standard Specifications for Automotive Gray- 
Iron Castings of the Society of Automotive Engineers. 


TABLE IV.—CHEMICAL COMPOSITION OF ALLOY CAsT IRON. 


Total 
Carbon, 
per cent 


Combined 
Carbon, 
per cent 


Phosphorus, 


Sulfur, 


0.65+0.10 
0.60+0.10 
0.65+0.10 
0.83+0.10 
0.50+0.10 
0.65+0.10 
0.60+0.10 
0.40+-0.10 


SSSSSRq5 


Cylinders 
Cylinders 
Cylinders 
Cylinder liners 
e drums, 
sprockets, 
clutch plates 
ns 


7 ‘ These numbers are identical with corresponding S.A.E. numbers in the Standard Specifications for Automotive Gray- 
' Castings of the Society of Automotive Engineers. 


ray practice the physical properties given in Table II are usually met when the 
indicated analysis is used, although some variations from the suggested 
compositions may be necessary. Due to specific service requirements, 
‘osts, and the variables in foundry practice in influencing results, likewise, 
the possible variations in combinations of the alloying constituents, the 
kinds and amounts of the alloying elements used should be a matter of 
mutual agreement between the manufacturer and purchaser upon specific 
classes of castings. In general, one or more of the elements chromium, 
“pper, molybdenum and nickel should be used. 


711 
n 
aye 
per cent per cent per cent per cent ed : 
3-25-20. 15 040.10] 0.20 0.12 0.10 
8.250.165 70-+.0.10 0.20 0.12 0.10 
3.0040.15 15+.0.10 0.15 0.12 0.10 
3 2540.15 55+0.10 0.20 0.12 0.10 
04010] 0.20 0.12 0.10 
0 20 0.12 0.10 
0-+.0.10 0.20 0.12 0.10 
hei 50+-0.10 0.20 0.12 0.10 
| | 


METHOD OF CHEMICAL ANALYSIS OF CEMENT 


(d) Calculation.—The percentage of magnesia in a 0.5-g. sample may 
be calculated as follows: 


Percentage of MgO = [(B — C) X A] X 200 


where A = the weight of MgO in grams per milliliter of standard sodium 
thiosulfate solution; 
B = milliliters of standard sodium thiosulfate solution equivalent to 
25 ml. of standard bromate solution, and 
C = milliliters of sodium thiosulfate solution required in the titratior 


(e) Blank Determination.—A blank determination shall be made, using 
the same procedure as outlined above, and using approximately the same 
amounts of reagents. The titration results shall be corrected accordingly. 


Nore 1.—An excess of the 8-hydroxyquinoline reagent should be used. _If it is small, 
the result of the determination of magnesia may be low; on the other hand, if large, the 
result may be high. The following guide may be used: 


APPROXIMATE CONTENT APPROXIMATE AMOUNT 
OF MAGNESIA, PER CENT OF REAGENT REQUIRED, MI 


Note 2.—The precipitate should be filtered within an hour. Prolonged standing may 
cause high result. 
Note 3.—The amount of the standard bromate solution used may be as follows: 


APPROXIMATE CONTENT AMOUNT OF STANDARD 
OF MAGNESIA, PER CENT BROMATE SOLUTION, ML. 
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_ TENTATIVE METHOD OF TEST 
FOR 
FINENESS OF PORTLAND CEMENT BY MEANS OF THE 
TURBIDIMETER' 


A.S.T.M. Designation: C 115 34 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1934.2 
Scope 
1. This method of test covers the Wagner turbidimeter* apparatus and 
procedure for determining the fineness of portland cement as represented 
by specific surface expressed as total surface area in square centimeters per 


gram of cement. 


APPARATUS 

Apparatus 

2. The Wagner turbidimeter consists essentially of a source of light of 
constant intensity adjusted so that approximately parallel rays of light pass 
through a suspension of the cemeft to be tested and impinge upon the 
sensitive plate of a photo-electric cell. The current generated by the cell 
is measured with a microammeter and the indicated reading is a measure of 
the turbidity of the suspension. General considerations indicate that 
turbidity is in turn a measure of the surface area of the suspended sample 
of cement. The apparatus, illustrated in Figs. 1 and 2, shall consist specifi- 
cally of the parts described in Sections 3 to 9. 
Turbidimeter 


_ 3. The turbidimeter shall be mounted in a suitable case and shall 
include the following features: 


(a) Source of Light.—The source of light (Fig. 2) shall consist of a 3 
" 6 candlepower concentrated filament electric lamp operated by a 6-v. 
“torage battery. A parabolic reflector shall be mounted behind the lamp 


z $ Under the standardization procedure of the Society, this method is under the jurisdiction of the A.S.T.M. 
-ommittee C-1 on Cement. 

—e for publication as tentative by Committee E-10 on Standards, December 27, 1934. 
oratory ~eenime saad was developed by L. A. Wagner, Research Associate of the Cement Reference Lab- 
pa os cee Bureau of Standards, Washington, D. C. A description of the apparatus and mathematical 
Surface of - formulas used are given in the paper, “A Rapid Method for the Determination of the Specific 
(1933), ortland Cement,” by L. A. Wagner, Proceedings, Am. Soc. Testing Mats., Vol. 33, Part II, p. 553 
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SPECIFICATIONS FOR GRAY-IRON CASTINGS 


(6) By mutual agreement between the manufacturer and purchay: 
deflection values in the transverse test may be specified (Note 4). 

(c) The transverse breaking loads specified in Paragraph (a) are bas 
on actual averages of transverse test loads for each class of casting. It 
not implied by these specifications that the ratio of tensile strength: 
transverse load is constant. By agreement between the manufacturer a 
purchaser, tensile strength and transverse tests may be made and a ray 
of transverse values determined. These values will then supersede | 
values specified in Paragraph (a). 

(d) When an iron is specified by class (No. 20, No. 25, etc.) andt 
transverse test bar fails to meet the load requirements specified in P 
graph (a), then the manufacturer shall have the right to have testi 
tension test specimen machined from a broken end of the transverse 
In the event that this tension specimen meets the requirements of t 
specified class, as given in Section 2, the class requirement shall be cx: 
sidered as having been met, irrespective of the transverse breaking load 


DIMENSIONS 
DIAMETER LENGTH DISTANCE BETWEEN Sv?? 
IN TRANSVERSE TEST 


Fic. 1.—Transverse Test Bars. 


Test Bars 

4. Test bars shall be cast separately from the casting. Three standi 
sizes of transverse test bars are available under these specifications ‘ 
shown in Fig. 1 (Note 5). Tension test specimens shall be machined fr 
the transverse test bars to the dimensions shown in Fig. 2. 


Correlation of Test Bar and Casting 
5. (a) The manufacturer and purchaser shall agree upon the 0” 
trolling section of the a Then the corresponding test bar shal ” 


used as follows: 
CONTROLLING SECTION NoMINAL Diameres 
oF CASTING Bar Test Bar as © 


= 


(b) The correlation in Paragraph (a) is only approximate and : 
need modification for complicated castings. ‘The test bar size for ag 
casting may then be determined by mutual agreement between the ™ 
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A.S.T.M. DESIGNATION: A 48-35 T 


Molding and Pouring Test Bars 


6. Unless otherwise agreed upon by the manufacturer and purchaser, 
test bars shall be made under the same sand conditions as the castings 
(Notes 6 and 7). The bars shall be poured from a ladle or ladles of iron 
used to pour the castings. The test bars shall receive the same mechanical 
and thermal treatment as the castings. In the case of heat treatment, the 


test bars are to be treated adjacent to the castings they represent. —_ 


Radius 
U §. Standard / \ 
Thread 


DIMENSIONS OF TEST BARS 
Test Bar A Test Bar B Test Bar C 


1} in. 1} in. 
28 in. in. 
0.800 in. 1.25 in. 
1.00 in. 2.00 in. 
Shall be equal or greater than c (diameter) 
; 1.00 in. 13 in. 


0.25 in. in. 
1.50 in. 1 in, ; 
0.25 in. in. 
1.00 in. in. 
4.00 in. i 


* Length of parallel. 
‘Fic, 2.—Tension Test Specimens Machined from Transverse Test Bar. 


Tensile Strength Test Procedure 


_ 7. Tension test specimens shall fit the holders of the testing machine 
in such a way that the load shall be axial. The use of self-aligning shackles 
1s recommended (Note 8). 


Transverse Test Procedure 


8. The transverse test shall be made on the bar as cast with central 
loading between supports. Corrections shall be made for sizes of bars as 
shown in Table I. Controlling dimensions shall be the diameter of the 

ar at the fracture. ‘The rate of application of the load shall be such that 
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d 780 METHOD OF TURBIDIMETER FINENESS TEST OF CEMENT 


inside dimensions 2 by 1} in. by 8 in. in height. ‘The 2-in. faces of the tank fic 
shall be placed normal to the beam of light, and shaJl be equidistant within th 
0.003 in. at all points. A mark shall be placed on the side of the tank to se 
indicate a volumetric content of 335 ml., which is the level to which the th 
tank will be filled in a test. be 

(e) Photo-Electric Cell—The means of measuring the light intensity Cal 
shall be a sensitive photo-electric cell (Weston Photronic type) connected 
directly to a microammeter. A hood with a horizontal slot 3 in. in height Sd 
by 1% in. in width shall be mounted over the face of the photo-electric cell. 

(f) Shield.—A metallic shield having a slot 3-in. in height by 1} in. in CO! 
width, as indicated in Fig. 2, shall be placed between the water cell and the br 
sedimentation tank. 

(g) Elevating Device-—The source of light, water cell, photo-electri Tir 
cell, retarding filter and shield shall be mounted on a movable shelf which 
is raised or lowered by two connected lead screws so that the turbidity of fro 
the suspension may be determined at any desired depth. The sedimentation bag 
tank shall be mounted on a base which is independent of the rest of the Th 
apparatus so that the tank shall be free from vibration caused by moving du 
the shelf. The level of the light beam with reference to the surface of the lim 
suspension shall be indicated by a pointer which will travel along a scale 
mounted on the cabinet. The zero of the scale shall indicate that position 
at which the center lines of the slots for the light beam are at the same 
elevation as the surface of the liquid in the tank when filled to the 335-ml 
level. The lines on the scale to be marked 7.5, 10, 15, 20, 25, and 30-60, 
shall be located at distances from the zero mark equal to values “h” it —_ 
Table I, and shall indicate the positions at which the pointer should be = 
located when turbidity readings for these particle sizes are taken. The a 
interior of the turbidimeter cabinet and the exterior surfaces of the shell 
parabolic reflector, water cell, shield and photo-electric cell hood shall be Sus 
painted with a dull optical black paint. 

use 
Microammeter 
4. The microammeter shall have a range of 0 to 50 microamperes, sha! 
be readable to 0.1 microampere, and accurate to 0.25 microampere. Tht 
internal resistance of the microammeter shall be between 95 and 105 ohm Cali 
5. A 6-v. automobile starting and lighting storage battery shall l ben 
the 


6. The sieving apparatus, consisting of a No. 325 sieve, 2in. in diamet! 
_ and having side walls 3 in. in height, shall conform to the Standard Spec: 
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A.S.T.M. DEsIGNATION: C 115-34 T | 781 


fications for Sieves for Testing Purposes (A.S.T.M. Designation: E 11) of 
the American Society for Testing Materials.' A spray nozzle having 
seventeen 0.02-in. holes in the tip shall be used for washing the sample 
through the sieve. A pressure gage shall be installed in the water line 
between the shut-off valve and the nozzle so that the pressure on the nozzle 
can be regulated. 


Stirring Apparatus 


7. The stirring apparatus shall consist of a brush, which will fit the 
contour of the bottom of a test tube, attached to a stirring motor. The 
brush shall rotate at a speed of approximately 500 r.p.m. 


Timing Burette 


8. The time of settling for the different sized particles shall be obtained 
from a burette from which kerosine is allowed to flow. The burette shall 
consist of a glass tube having a capillary tube fused into the lower end. 
The upper end of the large tube shall be flared to serve as a funnel for intro- 
ducing kerosine into the tube. The burette shall conform to the following 
limiting dimensions: 

DIMENSION, PERMISSIBLE 


cM. VARIATION, CM. 


Length of large tube 


* Since glass tubing of desired dimensions is not always obtainable, the above wide permissible variations 


allow selection of dimensions to produce a burette having a duration of flow which will permit of calibration 
as described in Section 10. 


9. At least 20 gal. of any clear white kerosine shall be set aside for 
use with the turbidimeter apparatus. 

CALIBRATION OF APPARATUS 
Calibration of Turbidimeter . 

10. The turbidimeter apparatus shall be calibrated in accordance with 
the following procedure: 

(a) Calibration of Burette Scale-—For calibration of the burette scale a 
kerosine having a known viscosity and density for the temperature at which 
the calibration is to be made shall be used. The times of flow from the 
burette which correspond to the times of settling for the different sized 


particles shall be calculated from the following equation: 


11933 Book of A.S.T.M. Standards, Part II, p. 1244. cn” 
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SPECIFICATIONS FOR GRAY-IRON CASTINGS 


Note 4.—In the transverse test, it is recommended that the deflections at frac- Nor: 
ture be recorded and reported. bars are | 


the cente 
<- /3 Dia > </2 Dia, 


Sprue Riser --- Y 
Dia. ” 
Cope Dia.~~. Y 
Loren 
rag 


Pattern 


Follow Board 


Note:PencilGate__ 
Holes,4"Diameter 


| 
Gate Core Plug Core 


Fic. Al.—Transverse Test Bar, 1.20-in. Diameter, Cast Horizontally. © 


Test Bars Spaced 
Approximately 2” Apart 


Plan View of Cope Plan View of Drag Looking in Direction AA 


' 


© 


Support for Flasks 
/ 


Floor Line ¥ End of Flask to be 
WT Elevated Approximately 4” 


Fic. A2.—Test Bar Cast on Incline. 
Arrangement of Flasks for Casting Test Bars. 


_ The modulus of rupture for any bar tested under these specifications can be 


ascertained by application of the following formula: ae 
2.546 LS 1 


Modulus of Rupture = De 


_ where L = the span length or distance between supports in inches; 
S = the breaking load in pounds, and 
D = the diameter of the test bar in inches. 
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AS.T.M. DESIGNATION: A 48-35 T / 719 


Note 5.—Test bars shall be plain, cylindrical shapes as shown in Fig. 1. Where 
ters are cast on end, allowance for draft may be made. However, the diameter at 
the center of the length must correspond to the nominal diameter, within the following 
permissible variations: 


PERMISSIBLE 
VARIATIONS 


+ 0.10 in. 


Tension test specimens “‘cast to size”’ are not recognized in these specifications. 
Note 6.—A sound test bar is desired. Several methods of making transverse 
test bars are shown in Figs. A1, A2 and A3. All of these methods have been used and 


OilSand Core , , 

Note Detail 
£ fern Used for 
ta Making Recess in 
a. Mold for Oil Sand 


2 


> 


Molding 
Sand Gates, 5 


Flask in Core Box 


Dry Sand 

] Core 
K4"0. D> 

Test Bar Mold | 


Section A-A Detail of Oil Sand Core 
Fic. A3.—Transverse Test Bar Cast Vertically. 


> 


a7 Lage satisfactury results. Another method of making a transverse test 
« ne own in Fig. 1 of the Standard Specifications for the Arbitration Test Bar 
hone Test Specimen for Cast Iron (A.S.T.M. Designation: A 124) of the 
Society for Testing Materials." 
Beye 7.—Test bars shall not be cleaned by tumbling unless the castings are so 
a unless mutually agreed upon by the manufacturer and purchaser. 
a" 8.—The use of ball and socket holders in the tensile strength test is recom- 


- Tests made under conditions where eccentric loadings may occur will give 


results, 
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784 METHOD OF TURBIDIMETER FINENESS TEST OF CEMENT 


medium cement (70 to 85 per cent passing a No. 325 sieve), and 0.5 g. for 
a coarse cement (less than 70 per cent passing a No. 325 sieve) (Note). 


Note.—The size of sample is selected so that the microammeter readings will fall i: 
the middle portion of the microammeter scale. 


ry 
TEST PROCEDURE 


Sieve Determination 

12. A No. 325 sieve determination shall be made on a 1-g. sample of 
the cement in accordance with the procedure specified for calibration in 
Section 10 (b). The percentage of cement passing the sieve shall be noted 
_and recorded as r. 


‘ Preparation of the Suspension 
13. (a) The cement sample shall be placed in a test tube with 10 to 
15 ml. of kerosine and 5 drops of oleic acid. (Oleic acid is added as a dis 
persing agent and has slight or no effect on the viscosity of the kerosine 
The mixture shall then be stirred for 1 min. with the apparatus describe! 
in Section 7, and shall then be transferred to the settling tank, the brus: 
and tube washed with clear kerosine which shall also be added to th 
; suspension, and clear kerosine added until the total volume of the susper: 
sion in the tank is 335 ml. (Note). 


Note.—Since it is important that the level of the liquid in the tank coincide with tlt 
- zero mark on the scale of the instrument (see Section 3 (g)), it is correspondingly importat! 
that the volume of the suspension be close to 335 ml., as specified. This may be accurate 
determined by the use of a calibrated flask of 335-ml. capacity, from which all the kerosxt 
used in making up a suspension is taken; or a point gage may be used, consisting ess 
- tially of a flat plate approximately 2 by 24 in. to the center of which is attached vertica! 
a metal pin of such length that, when the plate is placed in position on top of the tat 
the point of the pin is at the 335-ml. level. Either of these methods should insure 
position of the liquid level within a few tenths of a millimeter. 


(b) Agitation of the Suspension.—The tank shall be agitated just befor 
being placed in the path of the light beam to effect a uniformity of th: 
suspension. The tank shall be covered with a ground-glass cover at 
oscillated 180 deg. about a horizontal axis at the rate of approximately 0% 
inversion per second for one minute (Note 1). Care should be taken " 
prevent loss of kerosine (Note 2). The suspension will then be ready! 
place in its proper position in the path of the light beam. 


Note 1.—The procedure described for oscillating the suspension must be carefu! 
followed. ‘The procedure used in shaking a cocktail must not be used. 


Note 2.—The faces of the glass tank may be wiped only when the tank -— 
contain a suspension of the cement particles. Wiping the tank may generate static e* 


tricity and interfere with the free fall of the particles. 
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AS.T.M. DESIGNATION: C 115 —34 T 


Test Procedure 
14. The turbidimeter apparatus shall be operated in accordance with 


fall ix the test procedure described in the following Paragraphs (a) to (h): 

(a) With retarding filter and sedimentation tank containing approx- 
imately 100 ml. of clear kerosine in the light path, the light shall be adjusted 
to the proper intensity, Jo, by taking repeated readings at 1-min. intervals 
until an unchanging value shall indicate that the lamp and photo-electric 

cell are in equilibrium (Note). 
ple oi 
on in Note.—The lamp must never be turned on without a suspension or the retarding 
noted filter in position to reduce the light intensity to a value within the range of the micro- 
ammeter. 

(b) The proper size of sample of cement (Section-11) shall be weighed 

and a suspension prepared in accordance with Section 13. 
10 to (c) The shelf level pointer shall be placed at the 30-60-micron position. 
a dis (d) The burette shall be filled with kerosine and oscillation started in 
ysine accordance with Section 13 (b). The oscillation shall be continued until 
cribe! the kerosine drains to the zero line on the burette, when the agitation shall 
brush be stopped (Note). The tank shall be immediately placed in position in 
to the the path of the light beam. 
— Note.—The lid to the tank must fit so that no kerosine drains down the outside faces 
of the tank. 
en (e) The retarding filter shall be removed from the light path and the 
iste cabinet door closed. 
keros (f) The microammeter shall be read at the instants the kerosine in the 
ge burette drains past marks 60, 55, 50, 45, 40, 35 and 30. 
oe (g) The shelf shall then be raised successively to the marks 25, 20, 15, 
aie 10 and 7.5 on the pointer scale, the microammeter being read at each position 
as the kerosine drains past the corresponding mark on the burette. 
(h) The filter shall be replaced in the path of the light beam, the tank 
before removed and the intensity of the lamp checked (Note). 
- be Note.—If the intensity of the lamp has shifted more than 0.3 microampere from the 
initial setting (Iv), the test must be repeated. A freshly charged storage battery should 
ely ont momentarily short-circuited to reduce the voltage to constant value. If the intensity 
ken t of the lamp continues to fluctuate, look for loose connections in the lamp and photo-cell 
ady t “rcuits, see that the rheostat contacts are clean and make certain that the lamp, socket 
and reflector are rigidly fixed in their mounting. 
careful 
CALCULATIONS 
does 00! Calculation of Results 
atic et 15. Calculation of the turbidimeter data shall be made in accordance 


with the following Paragraphs (a) to (c): 


P I~51 


| 
35 | 
for 
. 


786 METHOD OF TURBIDIMETER FINENESS TEST OF CEMENT 


(a) Specific Surface.—Specific surface shall be calculated from the 
following equation: 
ee 38 r (2 — log Iw) 

1.5+0.75 log Ins+log +log +log +log Iss—11.5 log I, 


where S = the specific surface of the sample in square centimeters per gram 
= the percentage by weight passing the No. 325 sieve, and 
Ins, Lio, Ie = the microammeter readings, in microamperes 
which correspond to the particle diameters 
60 microns. 
(b) Recording of Data.—The following form is suggested for the record- 
ing of turbidimeter data and calculation of specific surface: 


TABLE II.—FormM FOR RECORDING TURBIDIMETER TEST DATA AND CALCULATION 
OF SPECIFIC SURFACE. 
(Values shown are for purpose of illustration.) 

Sample Identification 

Passing No. 325 Sieve (wet method), r 

Test 20.5 microamperes 
20.5 microamperes 

Weight of Sample Tested 


PARTICLE SIZE, 
MICRONS MICROAMPERES Loc I 


of 
4 
7 


0.75 X 1.362 (log Iz.s) = 


11.5 K 1.041 (log Js.) 


Difference 
38 X 89.7 K 0.959 
1.713 


=1910 sq. cm. per gram 


* This figure, 13.693, is the summation of column 3, excluding log I7.s (1.362) and log Io (1.041). 


(c) Calculation of the Specific Surface from First Turbidity Readins, 
T «.—This method may be used for successive determinations from the sam 
plant, provided, that the same size test samples are used, and that there is 
no —_ aang in fineness, color, or other properties of the cement. Under 


thes 
first 
above 
dimet 
tests, 
| 
¢ 4 1.158 
1.281 
02! 
4 1.500 
13.6934 
| 


these conditions the specific surface of a sample may be calculated from the 
first turbidity reading, Ig, by using the following equation: 


where S = the specific surface in square centimeters per gram; ; 


I = the microammeter reading corresponding to particle diameter of 
60 microns, and 


c = the transmittancy constant for the particular plant. 
Note.—The transmittancy constant ‘“‘c’’ may be evaluated by substituting in the 
above equation known values of S and 2 — log Je as determined from a complete turbi- 


dimeter test. ‘The average of not less than five values of ‘‘c,"’ as determined from complete 
tests, should be used in the above equation. 


> 
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TENTATIVE SPECIFICATIONS 
FOR 
ILDING BRICK (MADE FROM CLAY OR SHALE)! 


A.S.T.M. Designation: C 62-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision sho.1.d be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED. 1935. 


1. These specifications cover brick made from clay or shale and prop- 
erly burned, intended for use in brick masonry. Seven grades of brick 
are covered, as follows: 

Grades A, B and C.—These grades are classified according to strength 

only. 

Grades AW-1 and BW-1.—Bricks intended for use where exposed t 

very severe weathering, such as severe frost action. 

Grades AW-2 and BW-2.—Bricks intended for use where exposed 

weathering. 


Properties 
. 2. (a) The bricks shall conform to the physical requirements for t! 
_ grade specified as follows: 


Compressive Strength Modulus of Rupture Water bu 
(bricks flatwise), (bricks flatwise), Absorption | C/B ral 
Ib. per sq. in., lb. per sq. in., by 5-hr. boil- 
as average gross area average gross area ing, per cent 
Grade 
Average of | Individual | Average of | Individual | Individual Individw 
5 bricks Minimum 5 bricks Minimum Maximum | Maximus 
4500 or more 3500 600 or more 
2500 - 4500 2000 450 or more 
1250 - 2500 1000 300 or more 200 


@ The ratio C’/B is the ratio of absorption by 24-hr. submergence in cold water to that after 5 br. in boiling water. 


(b) Unless otherwise specified by the purchaser, bricks of grades # 
‘ and B shall be accepted in lieu of grade C, grade A in lieu of grade b 


the jurisdiction of 


1 Under the standardization procedure of the Society, these specifications are under 
A.S.T.M. Committee C-3 on Brick. sede 
These Tentative Specifications are in effect a tentative revision of, and are intended to ope Shs) 
odopted as standard, the present Standard Specifications for Building Brick (Made from Clay of 
(A.S.T.M. Designation: C 62-30), 1933 Book of A.S.T.M. Standards, Part II, p. 109. . 
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A.S.T.M. DESIGNATION: C 62-35 


grades AW-1, BW-1 and AW-2 in lieu of grade BW-2, and grade AW-1 in 
lieu of grade AW-2 or BW-1. 


Test Specimens 

3. For purpose of tests, bricks representative of the commercial product 

shall be selected by a competent person appointed by the purchaser, the 

place or places of selection to be designated when the purchase order is 

placed. ‘The manufacturer or purchaser shall furnish specimens for tests 

without charge. All bricks shall be carefully examined and their condition 

noted before testing. For the purpose of tests, not less than ten brick 

shall be required for each investigation. In general, two samples of ten 

ject to fF brick each shall be tested for each 100,000 bricks contained in the lot under 

“* & consideration; but where the total quantity exceeds 500,000, one sample 

of 10 brick from each 100,000 shall be tested. Additional representative 
samples may be taken at any time or place at the discretion of the purchaser. — 


brick Standard Sizes 


4. The standard sizes of brick made from clay or shale shall conform — 
to the following dimensions, within permissible variations of + in. in 


rengtt 
depth, +4 in. in width, and +} in. in length: 


sed to TYPE DEPTH, IN. WIDTH, IN. LENGTH, IN. 
i 8 

sed ti smooth-face brick... 8 


Workmanship and Finish 

___5. When any particular surface appearance or uniformity is desired, 
for the  't shall be as mutually agreed upon by the manufacturer and purchaser. 

Visual Inspection 


6. All brick shall conform to the following requirements for general 


properties under visual inspection: 


—: __ (a) They shall be free from cracks, warpage, stones, pebbles, or par- 

india ticles of lime that would affect their serviceability or strength. 

Mee" — . (0) Bricks of grade A or grade B when struck together shall give a 
Rejection 

08 7. If the visual inspection (Section 6) appears to indicate inferior 

— strength, the brick may be rejected unless the physical tests show the 
cs! quality or grade to be as specified. 

ra 

rade ***eptance 


8. At the option of the purchaser, acceptance may be based on the 
a . Inspection requirements specified in Section 6 and the results of one 
the strength tests (compressive strength or modulus of rupture) specified 


iction of 


ersede 
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SPECIFICATIONS FOR CLAY BUILDING BRICK 


in Section 2. While the compressive strength is considered as generally 
giving the better basis for classification purposes, the flexure test gives 
important information on the strength and proper manufacturing detail 


Methods of Testing 


| 9. The bricks shall be tested in accordance with the Tentative Method; 
_ of Testing Brick (Modulus of Rupture, Compressive Strength, Absorption) 


(A.S.T.M. Designation: C 67-35 T) of the American Society for Testing 
Materials." 


1See p. 791. 
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‘TENTATIVE METHODS OF TESTING BRICK! 
(MODULUS OF RUPTURE, COMPRESSIVE STRENGTH, ABSORPTION) _ 


tion) 


esting 


A.S.T.M. Designation: C 67 - 35 T : 7 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. =~ 


IssUED, 1935. 
Scope 
1. These methods cover the following tests for brick: 
ae Modulus of rupture (flexure test) 
Compressive strength 
Absorption 


Definition of Terms 
2. The Standard Definitions of Terms Relating to Methods of Testing 
(A.S.T.M. Designation: E 6) of the American Society for Testing 


Materials,? shall be considered as applying to the terms used in these 
methods. 


Moputus oF Rupture (FLEXURE TEsT) 
Appraratus 


3. The testing machine, or other calibrated testing device, used for 
the flexure test of brick shall conform to the requirements of the Tentative 
Methods of Verification of Testing Machines (A.S.T.M. Designation: 
E 4-35 T) of the American Society for Testing Materials.* 


Test Specimen 


4. The test specimen shall consist of a whole brick. The specimen | 
shall be dried to constant weight at a temperature of 100 to 105 C. (212 


to 221 F.). It shall be cooled to room temperature before testing. 

Number of Specimens 

__>: Flexure tests shall be made on at least five test specimens. 
"Under the standardization procedure of the Society, these methods are under the jurisdiction of the 


AS.T.M. Committee C-3 on Brick. 


- tentative methods are in effect a tentative revision of, and are intended to supersede when adopted 
Standard, the present Standard Methods of Testing Brick (Compression, Flexure, Absorption) (A.S.T.M. 
. =e C 67 - 31), 1933 Book of A.S.T.M. Standards, Part II, p. 128. 
‘See Book of A.S.T.M. Standards, Part II, p. 1248. 
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TENTATIVE METHODS OF TESTING BRICK 


Flexure Test 

6. (a) The test specimen shall be supported flatwise on a span of 7 in. 
and loaded at mid-span. ‘The load shall be applied to the upper surface 
of the specimen through a steel bearing plate { in. in thickness and 1} in. 
in width and of a length at least equal to the width of the specimen. The 
direction of the load shall be perpendicular to the loaded surface of the 
specimen. 

(b) The supports for the test specimen shall be free to rotate in the 
longitudinal and transverse direction of the test specimen and shall be 
adjusted so that they will exert no force in these directions. 

(c) The speed of the moving head of the testing machine (or other 
calibrated testing device) during the application of the load shall not 
exceed 0.05 in. per min. 


Modulus of Rupture 
7. (a) The modulus of rupture of each specimen shall be calculated by 
the use of the following formula: 
3W1 
where W = the maximum load indicated by the testing machine, in pounds 
1 = the distance between the supports in inches (7 in.); 
b = the average over-all breadth, face to face, of the specimen, in 
inches, and 
d = the average over-all depth, face to face, of the specimen, in 
inches. 
(b) The average of the modulus of rupture determinations of all th 


specimens tested shall be reported as the modulus of rupture of the lot of 
brick. 


COMPRESSIVE STRENGTH TEST 
Apparatus 


8. (a) The testing machine used for the compressive strength test of 
brick shall conform to the requirements of the ‘Tentative Methods of Ven- 
fication of Testing Machines (A.S.T.M. Designation: E 4-35 T) of the 
American Society for Testing Materials.' 

(b) The testing machine shall be equipped with a lubricated spherical 
bearing block. 


Modulus of rupture, lb. per sq. in. = 


Test Specimen 

9. The test specimen shall consist of a half-brick, with approximately 
plane and parallel ends. The specimen may be obtained from a whole 
brick by any method that will produce, without shattering, a half-brick. 


Note.—This permits the use of suitable half-bricks available after the transv™ 
test has been made. : 


1See p. 1303. 
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A.S.T.M. DESIGNATION: C 67-35 T 


Number of Specimens 
10. Compressive strength tests shall be made on at least five test 


specimens, each from a different brick. ee 
Preparation of Specimen rr. 


11. (a) If the flatwise faces of the test specimen are recessed or paneled, 
the depressions shall be filled with a neat Portland cement paste, which 
shall then be allowed to age at least 24 hr. before the specimen is capped. 

(b) The two opposite flatwise faces of each specimen shall be coated 
with shellac which shall be allowed to dry thoroughly. 

(c) One of the dry shellacked faces of the specimen shall be bedded in 
a thin coat of a neat paste of calcined gypsum (plaster of Paris) which has 
been spread on an oiled non-abserbent plate such as glass or a machined 
metal plate. ‘This procedure shall be repeated with the other dry shellacked 
face. Care shall be taken that the opposite bearing surfaces so formed will 
be approximately parallel. The capping shall be allowed to age at least 
2 hr. before the compression test is made. 


Compression Test 


12. (a) The specimen shall be tested flatwise (that is, the load shall be 
applied in the direction of the thickness of the brick). 

(b) The spherical bearing block shall be placed between a capped face 
of the specimen and the platen of the testing machine. If a vertical testing 
machine is used, the spherical bearing shall be placed on top of the specimen. 
The center of the spherical surface of the block shall be in the plane of the 
bearing surface of the specimen and in an axis of the specimen. The 
spherical bearing block shall be adjusted by rotating it under a small 
initial load. 

(c) When the load on the specimen exceeds approximately one-half of 
the maximum load, the rate of loading shall be such that the load will be 
read accurately. Preferably, the rate of loading should not exceed 2000 Ib. 
per sq. in. per min., but this requirement may be considered as being met 
if the speed of the moving head of the testing machine during the applica- 
tion of the load is not more than 0.05 in. per min. 


Compressive Strength 


13. (a) The compressive strength of each specimen shall be calculated 
by the use of the following formula: 


V 

Compressive strength, lb. per sq. in. = - 

where W =the maximum load indicated by the testing machine, in 
pounds, and 

the average of the gross areas of the upper and lower bearing 


surfaces of the specimen, in square inches. 


A 
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TENTATIVE METHODS OF TESTING BRICK 


(0) The average compressive strength of all the specimens tested shall: 
be reported as the compressive strength of the lot of brick. _ 


ABSORPTION TEST 
24-Hour Immersion Test 
Test Specimen 


14. A test specimen shall consist of a half-brick conforming to the - 
requirements of Section 9. 


Number of Specimens 
15. Absorption tests shall be made on at least five test specimens. 


Absorption Test 
16. (a) The test specimen shall be dried to constant weight ata - 
temperature of 100 to 105 C. (212 to 221 F.). 
(b) When cool, the specimen shall be weighed on scales or balances - 
sensitive to within 0.1 per cent. 

(c) The dry specimen shall be submerged in clear water (soft, distilled 
or rain water) at a temperature of 15.5 to 30 C. (60 to 86 F.) for 24 br. 
The specimen shall then be removed, the surface water wiped off with a 
damp cloth, and the specimen quickly weighed. 


Absorption 
17. (a) The absorption of each specimen shall be calculated by the 
use of the following formula: ee 
Absorption, per cent = = 
where a = the dry weight of the specimen, on a 
_ b = the saturated weight of the specimen. 


(b) The average absorption of all the specimens tested shall be reported 
as the absorption of the lot of brick. 


5-Hour Boiling Test 
Test Specimen 
18. A test specimen shall consist of a half- pelo: conforming ‘to the 
requirements of Section 9. 


Number of Specimens 
19. Absorption tests shall be made on at least five test specimens. 


Absorption Test 

20. (a) If a dry test specimen is used it shall be dried to constant 
weight at a temperature of 100 to 105 C. (212 to 221 F.)._ In lieu of making 
the 5-hr. boiling test on a dry test specimen, the specimen, which has been 
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saturated 24 hr. in the cold-water immersion bath, may be returned to the 
bath and subjected to a 5-hr. boiling test as described in Paragraph (c). 

(b) When cool, the specimen shall be weighed on a scale or balance 
sensitive to within 0.1 per cent. 

(c) The dry specimen shall be submerged in clear water (soft, distilled 
or rain water) at a temperature of 15.5 to 30 C. (60 to 86 F.). The water 
shall be heated to boiling within 1 hr., boiled continuously for 5 hr. and 
then allowed to cool to a temperature of 15.5 to 30 C. (60 to 86 F.). The 
specimen shall then be removed, the surface water wiped off with a damp 
cloth, and the specimen quickly weighed. 


Absorption 
21. (a) The absorption of each specimen shall be calculated by the 
use of the following formula: 
where: @ = the dry weight of the specimen, “a 


6 = the saturated weight of the specimen. 


(b) The average absorption of all the specimens tested shall be reported 
as the absorption of the lot of brick. 


fi 
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TENTATIVE SPECIFICATIONS 
FOR 
STRUCTURAL CLAY FLOOR TILE! 
A.S.T.M. Designation: C 57-35 T 


This is a Tentative Standard and under the Regulations of the Society is subj 
to annual revision. Suggestions for revision should be addressed to the He 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 

IssuED AS TENTATIVE, 1924; ADOPTED IN AMENDED ForM, 1927; REVISED, 1930, 1931 
REISSUED AS TENTATIVE, 1933; REVISED, 1934, 1935. 
Scope 
These specifications apply to structural clay floor tile made 

from surface clay, shale, fire clay or admixtures thereof, and cover 
only physical requirements. If a purchaser desires tile having 
particular color, texture, or finish, such features should be covered by 
separate specifications. 
Classification 

2. (a) According to the results of physical tests, tile to be used in 
flat or segmental arches or used to resist stresses in combination tile 
and concrete ribbed slab construction, shall be classified as 5-16 and 
16-25 on the basis of the following strength and absorption 
requirements: 


Absorption, Compressive Strength Based on Net Area.* 
per cent Ib. per sq. in. 


End-Construction Tile Side-Construction Tile 
Individual | Individual — 
Maximum | Minimum 


Average of | Individual | Average of | Individual 
5 Tests Minimum 5 Tests Minimum 


5 to 16 19 4 3200 or more 2250 1600 or more 1100 
25 or less 28 4 2000 or more 1400 1200 or more 850 


@ Net area of a unit shall be taken as the area of solid material in shells and webs actually carrying stresses ins 
direction parallel to direction of loading. 


(b) Where end-construction tile are used on the side they shal 
conform to the requirements of that construction, and vice versa. 


' Under the standardization procedure of the Society, these specifications are under the junit 
diction of the A.S.T.M. Committee C-10 on Hollow Masonry Building Units. : 

These specifications are in effect a revision of, and replace the former Standard Specifications 4 
Tests for Structural Clay Floor Tile (A.S.T.M. Designation: C v= 31), which standard was accor 
ingly discontinued in 1934. 
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A. S.T.M. DESIGNATION: C 57 - 35 T 


Weights 


3. (a) Flat and segmental arch tile shall conform to the following 
requirements as to minimum number of cells in depth of arch and 
average dry weights per square foot of tile: 


TILE 


MINIMUM NUMBER AVERAGE Dry WEIGHT, — 
OF CELLS IN LB. PER SQ. FT. OF TILE 
Deptu or ARCH MINIMUM MAXIMUM 

q 25 29 

280 CO 34 

30 36 

37 

33 39 

43 

38 45 

41 48 

52 

53 

58 


SEGMENTAL ARCH TILE 
34 
40 


(b) ‘Tile designed to resist stresses in combination tile and con-| 
crete ribbed slab construction shall conform to the following require- 
ments as to minimum number of cells in the direction of depth of 
slab and average dry weights per square foot of tile: 


MINIMUM NUMBER AVERAGE Dry* WEIGHTS, 

7 OF CELLS IN LB. PER SQ. FT. OF TILE 

THICKNESS OF UNITS, IN. THICKNESS OF TILE MINIMUM MAXIMUM 
13.5 16. 
14.5 


21.0 


A 
ons ane 
accord: * The weights given in the table are for scored tile. If any of the faces are smooth, the weights 
shall be increased 0.5 Ib. per square foot of smooth area. 
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798 FOR Cray Froor’ 


Permissible Variations in Dimensions 


4. No dimension shall vary more than + 3 per cent from the 
specified dimensions for any form of tile. 


Color 

5. Color of tile varies with the type of clay used and degree of 
burning; hence, it cannot be taken as indicative of classification until 
after it has been related to absorption and strength by actual tests. 


Workmanship 

6. All tile shall be reasonably free from laminations and from 
such cracks, blisters, surface roughness and other defects as would 
interfere with the proper setting of the tile or impair the strength or 
permanence of the construction. 


Scoring 

7. Surfaces of all tile intended for the direct application of plaster 
shall be scratched or scored. When scored, each groove shall be not 
less than } in. nor more than 3% in. in depth, nor more than 1 in. in 
width. The area covered by the grooves shall not exceed 50 per 
cent of the area of the scored faces. 


Marking 
8. All tile shall bear the initials, name or trademark of the manu- 
facturer. ‘These marks shall be indented on the exterior of the tile 


and shall be plainly legible. 
Inspection 


9. Proper facilities shall be provided the purchaser for sampling 
and inspection either at the factory or at the site of the work, as may 
be specified. At least 10 days from the time of sampling shall be 
allowed for the completion of the test. The inspection shall be based 
on the requirements specified in Sections 2 to 8, inclusive. All tests 
shall be made in accordance with the methods specified in Section 12. 


Rejection 
10. (a) Individual tile shall be rejected for failure to meet the 
weight, size, or workmanship and finish requirements. In case of 
failure to meet the absorption and strength requirements for the class 
specified, the manufacturer may sort the shipment and new samples 
shall be selected by the purchaser from the retained lot and tested at 
the expense of the manufacturer. In case the second set of samples 
fails to meet the test requirements the entire lot shall be rejected. 
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A.S.T.M. C 57-35 T 


Acceptance 


(b) By agreement, acceptance may be based on ey weight of the 
units, percentage of absorption, and the workmanship and finish. 


Expense of Tests 


11. Except as specified in Section 10 and unless otherwise agreed, 
the expense of inspection and testing shall be borne by the purchaser. 


Methods of Testing 


12. Tile shall be sampled and tested in accordance with the 
Tentative Methods of Sampling and Testing Structural Clay Tile 
(A.S.T.M. Designation: C 112-35 T) of the American Society for — 
Testing Materials. Ji 


1See p. 807. 
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TENTATIVE SPECIFICATIONS 
FOR 
STRUCTURAL CLAY NON-LOAD-BEARING TILE! 


A.S.T.M. Designation: C 56-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Head- 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED AS TENTATIVE, 1924; ADOPTED IN AMENDED Form, 1930; REviseED, 1931 
REISSUED AS TENTATIVE, 1933; REVISED, 1934, 1935. _ 


Scope 
1. These specifications apply to structural clay partition, fire- 
proofing and furring tile made from surface clay, shale, fire clay or 
- admixtures thereof, and cover only physical requirements. If 
purchaser desires tile having a particular color, texture, or finish 
such features should be covered by separate specifications. a 


Classification 
2. According to results of physical tests, tile shall be classified 
as 5-16 and 16-25 on the basis of the following absorption 


requirements: 
ABSORPTION, PER CENT 
Crass AVERAGE OF INDIVIDUAL INDIVIDUAL 
Five Tests Maximum Minimum 


5 to 16 19 4 
16 to 25 28° 4 


Weights 

3. Partition and split-furring tile shall conform to the following 
requirements as to minimum number of cells and dry weights per 
square foot of tile: 


1 Under the standardization procedure of the Society, these specifications are under the juris- 
diction of the A.S.T.M. Committee C-10 on Hollow Masonry Building Units. 

These specifications are in effect a revision of, and replace the former Standard Specifications and 
Tests for Structural Clay Fireproofing, Partition and Furring Tile (A.S.T.M. Designation: C 56-31), 
which standard was accordingly discontinued in 1934. 
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MINIMUM 
MINIMUM MINIMUM AVERAGE Maximum INDIVIDUAL 
NUMBEROF NUMBER OF WEIGHT,* AVERAGE MINIMUM 
CeLts1n- CELLS IN DI- LB. PER WEIGHT,* LB. WEIGHT, LB. 
UNIT RECTION OF WALL SQ. FT. PER SQ. FT. PER SQ. FT. 
DIMENSIONS, IN. THICKNESS OF TILE OF TILE OF TILE 
2 by 12 3 l 14 16 13 
3 1 15 17 14 
2 25 28 24 
10 by 12 35 40 33 
12 by 12 4 2 40 45 38 
SPLIT FuRRING TILE 
3 8 9 74 


A.S.T.M. DESIGNATION: C 56-35 T . 801 


PARTITION TILE 


* The weights given in the table are for scored tile. 
shall be increased 0.5 lb. per square foot of smooth area. 


If any of the faces are smooth, the weights 
= 


Permissible Variations in Dimensions : 


4. No dimension shall vary more than + 3 per cent from the 
specified dimensions for any form of tile. 


Color 


5. Color of tile varies with the type of clay used and degree of 
burning; hence, it cannot be taken as indicative of classification until 
after it has been related to absorption and strength by actual tests. 


Workmanship 


6. All tile shall be reasonably free from laminations and from 
such cracks, blisters, surface roughness and other defects as would 
interfere with the proper setting of the tile or impair the strength or 
permanence of the construction. 


Scoring 


7. Surfaces of all tile intended for the direct application of plaster 
or stucco shall be scratched or scored. When scored, each groove 
shall be not less than } in. nor more than ;'; in. in depth, nor more than 
| in. in width. The area covered by the grooves shall not exceed 


30 per cent of the area of the scored faces. =a cone 
Marki 


8. All tile shall bear the initials, name or trademark of the manu- 
facturer. These marks shall be in indented on the exterior of the tile 
and shall be plainly legible. 
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802 FOR BEARING Cray TILE 


Inspection 

9. Proper facilities shall be provided the purchaser for sampling 
and inspection either at the factory or at the site of the work, as may 
be specified in the contract. At least 10 days from the time of sam- 
pling shall be allowed for the completion of the test. The inspection 
shall be based on the requirements specified in Sections 2 to 8, in- 
clusive. All tests shall be made in accordance with the methods 
specified in Section 12. 


Rejection 

10. (a) Individual tile shall be rejected for failure to meet the 
weight, size, or workmanship and finish requirements. In case of 
failure to meet the absorption requirements for the class specified, 
the manufacturer may sort the shipment and new samples shall be 
selected by the purchaser from the retained lot and tested at the 
expense of the manufacturer. In case the second set of samples fails 
to meet the test requirements, the entire lot shall be rejected. 


Acceptance 

(b) By agreement, acceptance may be based on dry weight of the 
units, percentage of absorption, and the workmanship and finish. 
Expense of Tests 


11. Except as specified in Section 10, and unless otherwise agreed, 
the expense of inspection and testing shall be borne by the purchaser. 


Methods of Testing 

12. Tile shall be sampled and tested in accordance with the 
Tentative Methods of Sampling and Testing Structural Clay Tile 
(A.S.T.M. Designation: C 112-35 T) of the American Society for 
Testing Materials.’ 


1 See p. 807. 
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TENTATIVE SPECIFICATIONS 
FOR 


STRUCTURAL CLAY LOAD-BEARING WALL TILE! 


A.S.T.M. Designation: C 34-35 T 


This is a Tentative Standard and under the Regulations of the Society is sub- 
ject to annual revision. Suggestions for revision should be addressed to the Head- 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


IssUED AS TENTATIVE, 1921; ADOPTED IN AMENDED Form, 1926; 
REVISED, 1927, 1930, 1931; REISSUED AS TENTATIVE, 1933; 
REVISED, 1934, 1935.? 


Scope 

1. These specifications apply to structural clay load-bearing 
wall tile made from surface clay, shale, fire clay or admixtures thereof, 
and cover only physical requirements. If a purchaser desires tile 
having a particular color, texture, or finish, such features should be — 
covered by separate specifications. 
Classification 


2. (a) According to results of physical tests, tile shall be classified 


as 5-16 and 16-25 on the basis of the following strength and absorption 
requirements: 


Absorption, 
per cent 


Compressive Strength B 
Ib. per 8 


ased on Gross Area,* 


q. in. 


Individual 


End-Construction Tile 


Side-Construction Tile 


Average of Individual 
5 Tests Mi 


um 


Maximum 

Individual 

Minimum 
1000 


700 


Average of 


Individual 
5 Tests 


Minimum 
500 
500 


Average of 
5 Tests 


5 to 16 


25 or less 


19 4 
28 4 


1400 or more 700 or more 


1000 or more 700 or more 


* Gross area of a unit shall be the total area of a section including cells perpendicular to the direction of loading 


aie want spaces are included in the gross area, unless these spaces are to be occupied in masonry by portions of adjacent 


(}) Where end-construction tile are used on the side they shall — 
conform to the requirements of that contruction, and vice versa. 


‘ he Under the standardization procedure of the Society, these specifications are under the juris 
ction of the A.S.T.M. Committee C-10 on Hollow Masonry Building Units. 


r These specifications are in effect a revision of, and replace the former Standard Specifications and 
es 


ts for Structural Clay Load-Bearing Wall Tile (A.S.T.M. Designation: C 34-31), which standard 
"as accordingly discontinued in 1934. 


* Latest revision accepted by Committee E-10 on Standards, August 22, 1935. 
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(c) Where tile is used in interior construction or as back-up for 
exposed walls with a facing of 3 in. or more of stone, terra cotta, 
brick or other facing, the requirements for average and individual 
maximum absorption shall be waived unless otherwise specified by 


the purchaser. 


(d) Bonding tile shall be so designed as to provide recesses for 


_ header brick courses when laid up in brick-faced walls. - 


_ Weights and Number of Cells 


3. (a) Load-bearing tile shall conform to the following require- 


-ments as to minimum number of cells* in the direction of wall thick- 
ness and dry weights per square foot of tile: 


Minmum 


AVERAGE Maximum __INbIVIDUAL 
NuMBER OF WEIGHT,” AVERAGE Minimum 
Cetts in Di- LB. PER WEIGHT,’ LB. WeiGut,’ LB 


NoMINAL HORIZONTAL THICKNESS RECTION OF WALL SQ. FT. PER SQ. FT. PER SQ. FT. 
or TILE AS LAID IN WALL, IN. THICKNESS OF TILE OF TILE OF TILE 

2 36 41 34 
2 42 48 40 


* Hollow spaces enclosed within the perimeter of the exterior shells and having a minimu 
dimension of not less than 4 in. and a cross-sectional area of not less than 1 sq. in. 


52 60 49 


+ The weights given in the table are for scored tile. If any of the faces are smooth, the weigh 


shall be increased 1 lb. per square foot of smooth area. 


(b) The area of bonding tile shall be calculated on the basis of 
the average height of the two vertical faces as laid in the wall. 


(c) In double-shell tile the two voids between exterior and interior 
shells on either side of the tile shall be considered as one cell in thick- 
ness of wall when their combined width is not less than } in., provided 
the short webs between the inner and outer shells are not greater in 
number or thickness than the long transverse webs holding the inner 


shells. 


(d) Re-entrant spaces not less than 1 in. in depth and not less 
than 1 sq. in. in area, which form cells when the units are laid in the 
wall, shall be considered as cells in the direction of wall thickness, 


but not in the units. 


Permissible Variations in Dimensions 


4. (a) The thickness of bonding and other types of tile manu- 
factured for use in combination with brick or other materials may 
vary from the nominal thicknesses specified in Section 3, as required 
by construction requirements, but no dimensions shall vary moré 
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than + 3 per cent from the purchasers’ or manufacturers’ specified — 
dimensions. 

(b) The average over-all thickness of the shells measured between 
the inner and extreme outer surfaces of end-construction load-bearing 
tile shall be at least ? in., except in double-shell tile the combined 
average over-all thickness of the inner and outer shell shall be not less 
than ?in. The minimum thickness of the webs shall be not less than 
in. 

(c) The width of cells in side-construction tile, measured in the 
direction of wall thickness, shall not exceed five times the average 


over-all thickness of either the upper or lower bearing shells. 
Weathering Resistance 


5. All tile which will be subjected to weathering conditions or 
intended to be stuccoed shall be able to withstand 100 alternate 
freezings and thawings. ‘Tile classed as 5-16 by these specifications 
may be considered as meeting the weathering requirements, provided 
they are burned to a normal maturity for the given clay. Tile classed 
as 16-25 shall be accepted as meeting the weathering requirements 
only on the basis of freezing-and-thawing tests. 


Color 


6. Color of tile varies with the type of clay used and degree of 
burning; hence, it cannot be taken as indicative of classification until 
after it has been related to absorption and strength by actual tests. 


Workmanship 


such cracks, blisters, surface roughness, and other defects as would 


interfere with the proper setting of the tile or impair the strength or _ 
permanence of the construction. . 


7. All tile shall be reasonably free from laminations and med 


Scoring 


8. Surfaces of all tile intended for the direct application of plaster 
or stucco shall be scratched or scored. When scored, each groove 
shall be not less than } in. nor more than } in. in depth, nor more than 
lin. in width. The area covered by the grooves shall not exceed 50 
per cent of the area of the scored faces. 

Marking 


ane All load-bearing tile shall bear the word “Load-Bearing”’ or 
L-B,” and name, initials or trademark of the manufacturer. These 


marks shall be indented on the exterior of the tile and shall be 
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Inspection 


10. Proper facilities shall be provided the purchaser for sampling 
and inspection either at the factory or at the site of the work, as may 
be specified. At least 10 days from the time of sampling shall be 
allowed for the completion of the test. The inspection shall be based 
on the requirements specified in Sections 2 to 9, inclusive. All tests 
shall be made in accordance with the methods specified in Section 13. 


Rejection 
11. Individual tile shall be rejected for failure to meet the weight, 
number of cells, specified size, or workmanship and finish requirements, 
but tiles that are overweight may be accepted at the discretion of the 
purchaser. In case of failure to meet the absorption and strength 
requirements for the class specified, the manufacturer may sort the 
_ shipment and new samples shall be selected by the purchaser from the 
retained lot and tested at the expense of the manufacturer. In cast 
the second set of samples fails to meet the test requirements the entir 
lot shall be rejected. 
Expense of Tests 
12. Except as specified in Section 11 and unless otherwise agreed, 
the expense of inspection and testing shall be borne by the purchaser. 


Methods of Testing 


13. Tile shall be sampled and tested in accordance with the 
Tentative Methods of Sampling and Testing Structural Clay Tile 


(A.S.T.M. Designation: C 112-35 T) of the American Society for 
Testing Materials." 


1See p. 807. 
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TENTATIVE METHODS OF SAMPLING AND TEST-_ 
ING STRUCTURAL CLAY TILE! 
A.S.T.M. Designation: C 112-35 T 


This is a Tentative Standard and under the Regulations of the Society is 
subject to annual revision. Suggestions for revision should be addressed to the 
Headquarters of the Society, 260 S. Broad St., Philadelphia, Pa. _ Ay 


IssUED, 1934; REVISED, 1935.2 


SAMPLING 


Selection of Test Specimens 


1. Specimens of tile for purpose of tests shall be selected by the 
purchaser or by a competent representative authorized by him to do 
this work. In all cases the specimens shall be representative of the 
whole lot of tile from which they are selected. Full-size tile shall be 
taken in all cases. oar 


Number of Specimens dn 

2. For the weight, strength and/or absorption determinations, 
a total of at least five individual tile specimens shall be selected from 
each kiln or from each 100-ton lot. In no case shall less than five tile 
be taken. If specimens are required for the freezing-and-thawing 


tests, they shall be taken from tile that have not been subjected to 
strength tests. 


Time and Place of Selecting Specimens 

3. Specimens of tile for purpose of tests shall be selected at the — 
factory or at the site of the work, as specified. If the freezing- 
and-thawing tests are to be made it shall be so specified at the time 
of placing the order, specimens being selected at the factory 90 days 
in advance of the time of filling the order. — 
Identification 


4. All specimens selected for purpose of tests shall be plainly and 
permanently marked for reference by the testing operator. 


WEIGHT DETERMINATIONS 
Test Specimens 


5. Five full-size tile specimens shall be tested. 


th Pn the standardization procedure of the Society, these methods are under the jurisdiction of 
¢ AS.T.M. Committee C-10 on Hollow Masonry Building Units. 
‘a. pp methods were formerly published with the Standard Specifications for Structural Clay — 
: 4,C 56 and C 57) and were issued separately in 1934 under the present designation. 
Latest revision accepted by Committee E-10 on Standards, August 22, 1935. a 
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Weight Determinations 


6. The five tile specimens, if not in kiln-dry condition, shall be 


dried to constant weight at a temperature of not less than 100 C. 
(212 F.) and shall then be weighed separately. 


Accuracy of Weighings 
7. The balance used shall be sensitive to within 0.5 ) per cent of 
the weight of the smallest specimen tested. 


Calculating and Reporting Results Oo 
8. (a) The weight per unit area of a tile specimen shall be cal- 
culated by dividing the total weight in pounds by the average area of 
the two faces of the tile as laid in the masonry. 
(b) The results shall be reported separately for each specime 
with the average for the five specimens. Oo 


COMPRESSIVE STRENGTH TESTS 
Test Specimens 


9. Five dry full-size tile specimens shall be tested. 


Capping Test Specimens 

10. (a) Bearing surfaces of the test specimens and d portions ad- 
joining them which are liable to absorb water from the plastic capping 
shall be coated with shellac and allowed to dry. A quantity of plastic 
mortar made of a mixture of three parts (by volume) of portland 
cement and one part of unretarded gypsum (plaster of Paris) mixed 
with sufficient water to spread evenly shall be placed on a plain surface 
which has been coated with oil. The surface to be capped shall be 
placed on this mortar, and while holding the specimen so that its 
axis is at right angles to the capping surface it shall be given a sing! 
firm pressure. 

(b) The average thickness of the cap after the extruded plaster 
has been removed and the edges trued shall not be more than § il. 
Patching of caps after setting shall not be permitted. Imperfect 
caps shall be removed and replaced with new ones. 

(c) When specimens have irregular bearing surfaces, they shal 
be brought approximately to the same horizontal planes by means 0! 
steel bearing plates not less than } in. in thickness set in capping 
mortar, mixed as specified in Paragraph (a) with bed joints not mort 
than }{ in. in average thickness. 

(d) Cement-gypsum capping shall be aged at least 3 days before 
the specimens are tested. If the tests must be made sooner, the 
specimens may be capped with a neat mortar of unretarded gypsum. 
Gypsum caps shall be aged at least 1 hr. before the specimens até 
tested. If the specimens tested with gypsum caps fail to meet the 
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strength requirements, other specimens from the same lot shall be 
tested with the cement-gypsum caps aged at least 3 days. 
Procedure 

11. (a) Position of Specimens.—All specimens shall be tested in 
a position such that the load is applied in the same direction as in 
service. 

(b) Bearing Block.—A spherical bearing block of proper design 
shall be placed on top of the test specimen. 

(c) Speed of Testing.—The speed of the moving head of the test- 
ing machine shall not be more than 0.05 in. per min. 

Calculating and Reporting Results 

12. (a) The compressive strength of load-bearing wall tile shall 
be taken as the maximum load in pounds divided by the gross cross- 
sectional area of the tile in square inches. The gross area of a tile is 
the total area of a section perpendicular to the direction of the load, 
including areas within cells and within re-entrant spaces unless these 
spaces are to be occupied in the masonry by portions of adjacent 
masonry. 

(b) The compressive strengths of floor tile and/or non-load- 
bearing tile shall be taken as the maximum load in pounds, divided 
by the net cross-sectional area in square inches. ‘The net area of a 
tile is the area of the fired clay in the section of minimum area taken 
perpendicular to the direction of the load. 

(c) The results shall be reported separately for each specimen, 
with the average for the five specimens. 


ABSORPTION TESTS 


Test Specimens 

13. (a) The specimens for the absorption test shall consist of 
five tile or three representative pieces from each of these five tile. 
If small pieces are used, two shall be taken from the shell and one from 
an interior web, the weight of each piece to be not less than 227 g. 
0.5 lb.). The specimens shall have had their rough edges or loose 
particles ground off and be free from cracks from the failure of the tile 
in compression, where taken from tile which have been subjected to 
strength tests. 
Identification 

(b) Each specimen shall be marked so that it may be identified 
at any time with the tile from which it was taken. Markings which 
do hot cover more than 5 per cent of the total superficial area of the 
specimen shall be used. 
Accuracy of Weighings 

14. The balance used shall be sensitive to within 0.2 per cent of 


the weight of the smallest specimen tested. _ a 
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Procedure 
15. (a) Drying.—All specimens shall be dried to constant weight 

in a drier or oven at a temperature of not less than 100 C. (212 F,), 
(b) Saturation.—After obtaining the dry weight of the specimens 
they shall be immersed in soft, distilled or rain water, the temperature 
raised to the boiling point and the water boiled continuously for 1 hr. 
The specimens shall then be allowed to cool in the water to room 


temperature. 
(c) Weighing.—After saturation, the specimens shall be removed = 
from the water and allowed to drain for not more than 1 min. The 
superficial water shall then be removed from the specimens with a 
damp cloth, after which they shall be weighed immediately. lend 
Calculating and Reporting Results u 
16. The absorption shall be calculated as a percentage of the Insula 
initial dry weight, carried to the nearest first decimal place. The | 
results shall be reported separately for each tile, with the average for Calcin 
the five tile. 
FREEZING-AND-THAWING TESTS 
Preparation of Specimens mie 
17. The specimens for the freezing-and-thawing test shall con- i 
sist of five tile or of a cell not less than 4 in. in length sawed from each b 
of these five tile. The specimens shall be saturated by immersion in Grog | 
cold water for at least 72 hr. prior to starting the freezing. fe 
Procedure Hard | 
18. Any practical method of obtaining alternate freezings and m 
thawings may be used, the freezings to be always made with fully he 
saturated specimens and the time and temperature to be such as to ae 
insure full freezing and thawing throughout the specimen. The < 


initial weighing and all weighings for loss of weight shall be made on 


dry specimens. 
Accuracy of Weighings 


19. The balance used shall be sensitive to within 0. 1 per cent tof 
the weight of the smallest specimen tested. 


Interpretation of Results 
20. Failure under the freezing-and-thawing treatment shall be 

considered to be reached when: 
(a) The specimens show superficial disintegration or spalling 

with loss of weight of more than 5 per cent of the initial weight; 

(b) The specimens are badly cracked; or 

(c) The specimens show evident loss of structural strength. 
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TENTATIVE DEFINITIONS OF TERMS RELATING TO 


REFRACTORIES! 
t 
A.S.T.M. Designation: C 71 - 35 T 
This is a Tentative Standard and under the Regulations of the Society is subject to . 


annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


use as a lining for furnaces. 

Insulating Brick.—A product manufactured in standard brick shapes used _ 
primarily for heat insulating purposes. 

Calcining.—In the case of refractories manufacture, the heat treatment of 
raw materials preparatory to incorporation in a refractory mix to a 
temperature high enough to remove volatile and combustible con- 7 
stituents and produce incipient vitrification. 

Burning (Firing).—In the case of refractories manufacture, the heat i 


IssuED, 1935. 
Insulating Fire Brick.—A product with low heat conductivity suitable for — 


ment of a refractory mix at a temperature high enough to develop a 
bond by partial vitrification. 

Grog Fire-Clay Mortar.—Raw fire clay mixed with calcined fire clay, or — 7 
with broken fire-clay brick, or both, all ground to suitable fineness. 

Hard Burned, Medium Burned, Light Burned.—In the case of refractories 
manufacture, these terms refer to decreasing degree of intensity of - 
heat treatment in the order named. 


' ‘Under the standardization procedure of the Society, these definitions are under the jurisdiction of the 
AS.T.M. Committee C-8 on Refractories. 


These definitions, when adopted as standard, will be added to the Standard Definitions of Terms Relating 
to Refractories (A.S.T.M. Designation: C 71-31), 1933 Book of A.S.T.M. Standards, Part II, p. 18° 
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TENTATIVE SPECIFICATIONS 
FOR 
CONCRETE IRRIGATION PIPE! 
A.S.T.M. Designation: C 118-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject t 
annual revision. Suggestions for revision should be addressed to the Headquarters of 


Society, 260 S. Broad St., Philadelphia, Pa. 


. These specifications cover concrete pipe intended to be used for 


the of irrigation lines. 
Class 


2. Pipe manufactured under these specifications shall be known 2 


“Standard Concrete Irrigation Pipe.” 
Alternative Design 


3. Manufacturers may submit to the purchaser, for approval, designs 
other than those given in Table I. In no alternative — however, shal 
the test requirements be less than those given in Table I _ a 
Acceptability and Basis of Acceptance 

4. The acceptability of the pipe shall be determined by the results 
of the hydrostatic tests specified in Sections 16 and 17 and Table I and by 


inspection to determine whether or not the pipe conforms to these specifice- 
tions as to design and freedom from defects. . 


IssUED, 1935. 


MATERIALS 


Concrete 
5. The concrete shall consist of portland cement, mineral aggregat 
and water. 


Cement 
6. Portland cement shall conform to the requirements of the Standat 
Specifications for Portland Cement (A.S.T.M. Designation: C 9) of thé 
American Society for Testing Materials.’ 
1 Under the standardization procedure of the Society, these specifications are under the jurisdiction © 
the A.S.T.M. Committee C-13 on Concrete Pipe. 


21933 Book of a. S. T.M. Standards, Past If, p. 3. 
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Fine aggregate 

7. (a) Fine aggregate shall consist of sand, stone, screenings, or — Z 
other approved inert materials with similar characteristics, or a combina- 
tion thereof, having clean, hard, strong, durable, uncoated grains and free 
from injurious amounts of dust, lumps, soft or flaky particles, shale, alkali, 
or organic matter, loam or other deleterious substances. Fine aggregate 


shall be well graded and shall pass a }-in. well 7 


Coarse Aggregate 

(b) Coarse aggregate shall consist of crushed stone, gravel, or other 
inert materials with similar characteristics, or combinations thereof, having 
clean, hard, strong, durable, uncoated particles, free from injurious amounts 
of soft, friable, thin, elongated or laminated pieces, alkali, organic, or 


TABLE I.—STANDARD CONCRETE IRRIGATION PIPE. 


Test Requirements 
for 


Internal Diameter, in. mum 


Shell? Minimum Tensile | Internal Hydrostatic Maximum Head 


Strength of Concrete |Pressure on Individual Under Which 
in Shell of Pipe, Pipe, Properly Designed 
Ib. per sq. in. Ib. per sq. in. a be 
it. 


d by 
fica- 


other deleterious matter. Coarse aggregate shall contain no particles 
having a maximum dimension exceeding one-half the thickness of the 


shell of the pipe. - 
Mixture : 
8. The aggregates shall be so graded and proportioned and thoroughly 


mixed with such proportions of cement and water as will produce a homo- 
geneous concrete mixture of such quality that the concrete will conform 7 


'o the test and design requirements of these specifications. Oe 
DESIGN 


Minimum Designs 


9. The shell thickness shall not be less than the minimum nn 


requirements given in Table I for sizes of pipe and the strength of concrete 
therein specified. 


813 
300 50 30 
‘ons 1} 300 45 25 
hal RE. 13 250 39 20 
13 200 33 20 
13 200 35 20 
13 200 33 20 
24 200 37 20 
\daré 
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Joints 

10. The ends of concrete irrigation pipe shall be so formed that when 
the pipe are laid together and the joints cemented they will make a con. 
tinuous and uniform line of pipe with a smooth and regular interior surface 
The joint shall be of such design as will permit effective cementing and 
placement without appreciable irregularities in the flow line. 


PuysIcAL TEST REQUIREMENTS 
Tensile Strength 

11. The tensile strength of the concrete in the shell of concrete irriga- 
tion pipe shall conform to the requirements given in Table I. 1 


Hydrostatic Test : 
12. When individual pipe is subjected to the internal hydrostatic 
pressures given in Table I, there shall be no leakage through the shell of 
the pipe. Moisture appearing on the surface of the pipe in the form of 
patches or | beads adhering to the surface shall not be considered leakage. 


PHYSICAL TESTS 
Test Specimens 

13. The specimens for the tensile strength and hydrostatic test shal 
be full size pipe which shall in every respect conform to the inspection 
requirements specified in Section 22. 


Selection of Specimens for Tests 


14. The specimens to be tested shall be representative and shall be 
selected by the purchaser or his representative at the point or points desig 
nated by him when placing the order. The manufacturer shall furnish for 
testing purposes and at his own expense, one specimen for every 1000 ft 
of each size included in the order; the manufacturer bearing all expense 
testing such pipe. Should additional tests be made upon demand of tl 
purchaser or manufacturer, then the cost of such additional test specimet 
and the expense of testing shall be borne by the party making such deman¢ 


Complying with Strength Tests 

15. (a) Should the test specimens selected by the purchaser conform 
to the test requirements in Table I, then all pipe represented by such 
specimens shall be accepted as to strength, provided the pipe shall other 
wise conform to the specifications. 

(b) Should any of the specimens first tested fail to conform to th 
test requirements, then the manufacturer shall have the right to test 
three additional lengths of pipe from the same lot for each specimen thi! 
has failed. If the additional pipe so tested all conform to the test requite 
ments, then all pipe represented by such tests shall be accepted; otherwis 
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they shall be rejected, unless other tests, mutually agreed upon between , 
the purchaser and manufacturer, demonstrate to the satisfaction of 1 the 
purchaser, the acceptability of the pipe. 


HyprRostTATiIc TEST 
Hydrostatic Test for Tensile Strength 


16. The tensile strength of the concrete in concrete irrigation pipe 
shall be determined by any method in which the ends of the pipe are tightly 
dosed in such a way that no longitudinal stresses are produced in the 
pipe shell. Suitable fittings shall be provided for exhausting the air and 
admitting the water into the specimen. A standardized pressure gage for 
recording the internal pressure shall be connected close to the specimen. 
The water pressure shall be applied uniformly until the required pressure is 
reached. ‘The specimen shall not be required to stand under hydrostatic 
pressure longer than is required to observe and record the pressure, and to 
meet the test requirements. a 


Calculation of Tensile Strength a 


17. Tensile strength of the concrete in the shell of the pipe shall be 7 
alculated from the internal hydrostatic pressure shown in hydrostatic — 
tests by use of the following formula: 


where T. S. = the tensile strength of the concrete in the shell of the pipe, 

in pounds per square inch 

P = the internal hydrostatic pressure in pounds per square inch © 

as shown by a standard pressure gage 

the radius (one-half the internal diameter) of the pipe in 
inches 

the average thickness of the shell of the pipe in inches. 


ll 


_§$IZE AND PERMISSIBLE VARIATIONS 


Standard Sizes 


18. Pipe of the internal diameters listed in Table I shall be considered © | - 
standard sizes. 


Variation in Dimensions 
19. Variation of the internal diameter shall not exceed + 2 in. on a 
"pe Up to and including 18 in. in diameter, and + 3 in. on pipe 20 in. and 


to including 24 in. in diameter. 
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SPECIFICATIONS FOR CONCRETE IRRIGATION PIPE 


WORKMANSHIP AND FINISH 
Finish 
20. Pipe shall be free from fractures, cracks and surface roughne: 
other than those normally produced in the manufacture of the pipe. 
planes of the ends of the pipe shall be perpendicular to their longitu 
axes. 
INSPECTION AND REJECTION 
Maximum Age for Shipment 
21. Pipe shall be considered ready for shipment when they confor 
to the test requirements. 


_ Causes for Rejection 
22. Pipe shall be subject to rejection on account of failure to confor 
to any of the specification requirements or on account of any of the following 
(a) Fractures or cracks passing through the shell. 
(b) Defects which indicate imperfect mixing, placing or curing of ti 
concrete. 
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AMERICAN ASSOCIATION STATE 
HIGHWAY OFFICIALS STANDARE 
A.A.S.H.O.S. No.: M-41 AND T-33 § 


TENTATIVE SPECIFICATIONS 


FOR 
REINFORCED-CONCRETE CULVERT PIPE! ; 
A.S.T.M. Designation: C 76-35 T 


This is & Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IsSUED, 1930; REVISED, 1935. 

Scope 

1. These specifications cover reinforced-concrete pipe intended to be | 
ued for the construction of culverts. 
Classes 

2. Pipe manufactured according to these specifications shall be of 
two classes known respectively as ‘‘Standard-Strength Reinforced-Con- 
crete Culvert Pipe” and ‘‘Extra-Strength Reinforced-Concrete Culvert 
Pipe.” 
Basis of Acceptance 

3. The acceptability of pipe shall be determined by the results of the 
strength and absorption tests specified herein, if and when required, and 
by inspection to determine whether the pipe conforms to the specifications 


indesign and freedom from defects. 
MATERIALS 


Reinforced Concrete 

4. The reinforced concrete shall consist of portland cement, mineral — 
aggregate, and water, in which steel has been embedded in such a manner ; 
that the steel and the concrete act together. 
Cement 


_ 5. Portland cement shall conform to the requirements of the Standard : 
‘pecifications for Portland Cement (A.S.T.M. Designation: C 9),? or 
lentative Specifications for High-Early-Strength Portland Cement — 


eng Designation: C 74-30 T),? of the American Society for Testing | 
Materials, 


Stee] 


6. Reinforcement may consist either of wire which conforms to the 
“quirements of the Standard Specifications for Cold-Drawn Steel Wire 


57 wd the standardization procedure of the Society, these specifications are under the jurisdiction of the 
033 pmmittee C-13 on Concrete Pipe. 
Sos ook of A.S.T.M. Standards, Part II. p. 3. 
eedings, Am. Soc. Testing Mats., Vol. 30, Part I, p. 1016 (1930); also 1935 Book of A.S.T.M. Tenta- 
andards, p. 412. 
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818 SPECIFICATIONS FOR REINFORCED CONCRETE ‘CULVERT 


for Concrete Reinforcement (A.S.T.M. Designation: A 82),' or of bars Joints 
of structural or intermediate grade which conform to the requirements of 1 
the Standard Specifications for Billet-Steel Concrete-Reinforcement Bars, /aid 
structural or intermediate grade (A.S.T.M. Designation: A 15)? of the § surfac 
American Society for Testing Materials. >, Longit 

7. Aggregates shall conform to the veaslonnente of the Tentative J into a 
Specifications for Concrete Aggregates (A.S.T.M. Designation: C 33- JP extenc 
31 T) of the American Society for Testing Materials? = © rigidly 


Mixture 
8. The aggregates shall be so graded and proportioned and thoroughly 
mixed in a batch mixer with such proportions of cement and water as will 
produce a homogeneous concrete mixture of such quality that the pipe 
will conform to the test and design requirements of these specifications 
In no case, however, shall the proportion of Portland cement in the mixture 
be less than six U. S. standard bags (94 lb.) per cubic yard of concrete. 


Placing Reinforcement 
9. In circular pipe having one line of circular reinforcement, the 
reinforcement shall be placed equally distant from the inner and outer 


. surfaces of the pipe. In circular pipe having two lines of circular reinforce- % 
ment, each line shall be so placed that the net protective covering of con- B ._ 
crete over the reinforcement shall be 1 in. In circular pipe having elliptical rere 
reinforcement, and in elliptical pipe having circular reinforcement, the Jy. 
reinforcement shall be so placed that the net protective covering of con- ‘heap 
crete along the vertical diameter of the pipe shall be 1 in. from the ins eines 
surface of the pipe, and the net protective covering of concrete along t! ig 
horizontal diameter of the pipe shall be 1 in. from the outside surface 0 § 4... 
the pipe. (See Section 31 (d)). The location of the reinforcement shal F —_ 
be subject, however, to the tolerance permitted in Section 29 (0). Ps 


DESIGN 
Minimum Designs 

10. The shell thickness and the amount of circumferential reinforc- 
ment shall not be less than that given in Tables I and II for the classes an 
sizes of pipe therein specified. 


Alternative Designs 
11. Manufacturers may submit to the purchaser, for approval, desig 

other than those given in Tables I and II, provided that such pipe sht! 
meet the same physical tests and inspection requirements as herein Pi 
scribed for the pipe for which it is substituted. In no alternative desi 
however, shall the shell thickness be less than given in the tables. 

11934 Supplement to Book of A.S.T.M. Standards, p. mm. 

21935 Supplement to Book of A.S.T.M. Standards, p 


8 Proceedings, Am. Soc, Testing Mats., Vol. 31, Part i p. 750 (1931); also 1935 Book of A.S.T.M. Tent 
tive Standards, p. 578. 
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A.S.T.M. Desicnation: C 
Joints 


12. The ends of the pipe shall be of such design that the pipe when 
laid shall form a continuous conduit with a smooth and uniform interior 
surface. 

Longitudinals 

13. Each line of circumferential reinforcement shall be assembled 
into a cage which shall contain sufficient longitudinal bars or members, 
extending through the barrel of the pipe, to maintain the reinforcement 
rigidly in exact shape and correct position within the form. 


TABLE I.—STANDARD-STRENGTH REINFORCED-CONCRETE CULVERT PIPE. 


Concrete, 3500 Ib. per sq. in. Concrete, 4500 Ib. per sq. in. Strength Test 
Requirements, 
Ib. per linear ft. 

Mini Reinfor t, Minimum Reinforcement, of pipe 
sq. in. per linear ft. of pipe sq. in. per linear ft. of pipe 


Three-Edge 
Minimum Elliptical Minimum Elliptical Bearing® 
Shell Reinforcement] _ Shell Reinforcement 
Thickness, Circular in Circular | Thickness, Circular in Circular 
in. Reinforcement Pipe and in. Reinforcement Pipe and Load to 
in Circular Circular in Circular Circular Produce | Ultimate 
Pipe Reinforcement Pipe Reinforcement |a 0.01-in.| Load 
in Elliptical in Elliptical 
Pipe Pipe 


lline . | 1 line 0.08 
1 line 1 line 0.11 
1 line i 1 line 0.14 
1 line i 1 line 0.20 | 1 line 
2 lines, each 0.17 i 1 line 0.28} lline 
2 lines, each 0.18 i 2 lines, each 0.22 1 line 
2 lines, each 0.21] Iline 0. 2 lines, each 0.25) 1 line 
2 lines, each 0.25] lline 0. 2 lines, each 0.31! 1 line 
2 lines, each 0.30 | Iline 0. 2 lines, each 0.37 | 1 line 
2 lines, each 0.33} Lline 0. 2 lines, each 0.41 | 1 line 
2 lines, each 0.40} lline 0. 2 lines, each 0.48 | 1 line 
2 lines, each 0.46} lline 0.46 2 lines, each 0.54 | 1 line 


* Test loads for sand-bearing tests shall be one and one-half times those specified in this table for the three-edge-bearing 
Vata. 


laps, Welds, and Spacing 

14. If the splices are not welded, the reinforcement shall be lapped 
not less than 30 diameters for bars, and 40 diameters for cold-drawn wire. 
If welded, the splices and intersections shall develop a tensile strength not 
less than the minimum strength required for the reinforcement by the 
applicable specifications cited in Section 6. The spacing center to center 
of adjacent rings of circumferential reinforcement in a cage shall not exceed 
tin. for pipe up to and including 48 in. in diameter, and shall not exceed 
the shell thickness for larger pipe, and shall in no case exceed 6 in. 
Joint Reinforcement 


15. The joint shall have a circumferential reinforcement equal in unit 
‘tea to that of a single line within the barrel of the pipe. 
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820 SPECIFICATIONS FOR REINFORCED CONCRETE CULVERT PIPE 


CURING 


16. Pipe shall be subjected to any one of the methods of curing described 
in the following Paragraphs (a) to (c) or to any other method, approved by 
the purchaser, that will give satisfactory results: 


Steam Curing 

(a) Pipe may be placed in a curing chamber, free from outside drafts, 
where the pipe shall be subjected to the action of thoroughly saturated 
steam at a temperature between 100 and 130 F. (38 and 54 C.) for a period 
of not less than 36 hr. or, when necessary, for such additional time as may 
be needed to enable the pipe to meet the strength requirements (Note). 
When a curing chamber is not available, pipe may be placed in an enclosure 
of canvas or other closely woven material and subjected to saturated steam 

TABLE IJ.—ExtTRA-STRENGTH REINFORCED-CONCRETE CULVERT PIPE. 


Concrete, 4500 Ib. per sq. in. Strength Test 
Requirements 
Ib. per linear ft, 

Minimum Reinforcement, of pipe 
sq. in. per linear ft. of pipe 


Internal Diameter of Pipe, in. se Three-Edge Bear 
Minimum Elliptical 
Shell Reinforcement 
Thickness, Circular in Circular 
in. Reinforcement Pipe and Load to 
in Cireular Circular Produce 
Pipe Reinforcement 
in Elliptical 
Pipe 


1 line 0.26 | Lline 0.20 
2 lines, each 0.24 | 1line 
2 lines, each 0.28 | 1 line 
2 lines, each 0.33 | 1 line 
2 lines, each 0.38 | 1 line 
2 lines, each 0.44 | 1 line 
2 lines, each 0.50 | 1 line 
2 lines, each 0.60 | 1 line 
2 lines, each 0.72 | Lline 


& ww 


@ Test loads for sand-bearing tests shall be one and one-half times those specified in this table for the three-edge-bearing 
tests. 


at the temperature and for the time specified above. The enclosure sha 
be so erected as to allow full circulation of steam around the entire pipt 
The interior surfaces of the curing room or canvas jackets and the surfaces 
of the pipe shall be entirely moist at all times. 


Water Spray Curing 

(b) Under the conditions of enclosure prescribed in Paragraph ( 
pipe may be cured by subjecting it to a continuous or frequently-applicé 
fine spray of water in an enclosure maintained at a temperature of nd! 
less than 70 F. (21 C.) for a period of not less than 72 hr., or such ad 
tional time as may be necessary to meet the strength requirements ( Not 
If the enclosure is maintained at a temperature of less than 70 F. (21 ‘ 
the curing period shall be increased as may be necessary to meet the streng' 
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requirements (Note). The ends of the pipe shall be so enclosed as to 
prevent the free circulation of air through or around the pipe. If the 


temperature of the water is less than 70 F. (21 C.), the curing period shall 
be increased as may be necessary to meet the strength requirements. 


Note.—When high-early-strength Portland cement is used the time of curing specified 
for each of the methods prescribed in Paragraphs (a) to (c) may be reduced to 24 hr., or 
such om al time as may be necessary to meet the requirements of the purchaser. sO 


AS.T.M. 76 - 35 
Saturated Cover Curing 
(c) The sides and top of each pipe may be covered with heavy viii 
or other suitable material, saturated with water before applying and kept 
saturated with water at a temperature of not less than 70 F. (21 C.) for 
72 hr., or such additional time as may be necessary to meet the strength 
PHYSICAL TEST REQUIREMENTS 

Strength Requirements 

17. The ultimate load, as determined by either of the methods described 
in Section 20, shall be not less than the ultimate load specified in Tables 
land I. W hen the test load reaches the cracking load given in the tables, 
for the size and class of pipe tested, there shall be in the barrel of the pipe 
no crack having a width of 0. yy in. or more for a length of 1 ft. or more. 
“ver inch..__ 


0.01" in Thickness” 
FG, 1,—Gage Leaf for Measuring Cracks. 


The crack shall be mney 0.01 in. in width when the point of the measur- 
ing gage will penetrate it j¢ in. at close intervals throughout the specified 


distance of 1 ft. The fhe of crack shall be measured by means of a 
gage made from a leaf 0.01 in. in thickness (as in a set of standard machin- 
ist’s gages), ground to a point jj; in. in width, with corners rounded, and 
a taper of { in. per inch, as illustrated in Fig. 1. The ultimate load is 
reached hen the pipe will sustain no greater load. 
Elliptical Pipe 

18. Elliptical pipe shall conform to the test requirements a circular — 
bipe having the same horizontal internal diameter 


Test Requirements and Acceptability Oe 
Under Absorption Tests 
19. The absorption, determined as specified in Section 26, shall not 
exceed 8 per cent of the dry weight. Pipe shall be considered as conform- 
ing to these specifications for absorption when not less than 80 per cent 
a the number of specimens tested, including any retested, conform to the 
‘t requirements. When the initial absorption specimen from a pipe fails 
hendoen to these specifications, the absorption test shall be made on 
another specimen from the same pipe and the results of the retest shall 
be substituted for the original test results. 
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822 SPECIFICATIONS FOR REINFORCED CONCRETE CULVERT PIPE 


PHYSICAL TESTS 
Strength Tests 


50 h 


Strength Tests The 
20. Pipe may be tested for strength by either the three-edge-bearing in co 
or sand-bearing method, as described in the following Paragraphs (a) to (c if de 


Three-Edge-Bearing Method edge, 


(a) When the three-edge-bearing method is used, the lower bearing 
for the pipe shall consist of two wooden strips with vertical sides, having 
their interior top corners rounded to a radius of approximately } in. The 
strips shall be straight and shall be securely fastened to a rigid base with 
the interior vertical sides parallel and spaced a distance apart of 1 in. per 
foot of pipe diameter, but in no case less than 1 in. ‘The upper bearing 
shall be a rigid wooden block, straight and true from end to end. The 
upper and lower bearings shall extend the full length of pipe exclusive of 
bell. ‘The pipe shall be placed symmetrically between the two bearings 
as illustrated in Figs. 2 and 3. In testing pipe which is “out of line” the 
lines of the bearings chosen shall be those which appear to give the most 
favorable conditions for fair test. 


Sand-Bearing Method 

(b) When the sand-bearing method is used (see Figs. 4 and 5) the 
ends of each specimen of pipe shall be accurately marked prior to the test, 
in quarters of the circumference. Specimens shall be carefully bedded in 
sand, above and below, for one-fourth the circumference of the pipe, meas 
ured on the middle line of the barrel. The depth of bedding above and 
below the pipe at the thinnest points shall be one-half the radius of the 
middle line of the barrel. 

The sand used shall be clean and shall contain not less than 5 per cent 
of moisture, and shall be such as will pass a 4760-micron (No. 4) sieve 
The sand in the lower bearing shall be loose when the pipe is placed. 

The top bearing frame shall not be allowed to come into contact with 
the pipe nor with the top bearing plate. The upper surface of the sand 
in the top bearing shall be struck off level with a straight edge, and shall be 
covered with a rigid top-bearing plate having its lower surface in a trt 
plane, made of heavy timbers or other rigid material and capable of ds 
tributing the test load uniformly and without appreciable bending. The 


test load shall be applied at the exact center of this top bearing plate, Testing 
in such manner as to produce uniform deflection throughout the full lengt! (c) 
of the pipe. For this purpose a spherical bearing is preferred, but shall p; 
rollers at right angles may be used. The test may be made without the Any m 
use of a testing machine, by piling weights directly on a platform restilt applies 
on the top bearing plate; provided, however, that the weights shall be making 
piled symmetrically about a vertical line through the center of the PIP* throug] 


and that the platform shall not be allowed to touch the top bearing fram* 
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A.S.T.M. DESIGNATION: C 76-35 T 


The frames of the top and bottom b 
# heavy as to avoid appreciable bendi 
The interior surfaces of the frames shall 
in contact with the pipe during the test. 
if desired, to the inside of the upper fra 
edge, to prevent the escape of sand betw 


earings shall be made of timbers 
ng by the side pressure of sand. 
be dressed. No frame shall come 
A strip of cloth may be attached, 
me on each side, along the lower 


een the frame and the pipe. 


(beyond 
Bearing) 


~~~ Space I“per Foot 
of Diameter bot 
Not less than I" 


a Bearing 
--At least 
6"* 6" 
. 2.—Three-Edge Bearings. 


_- Space Foot 
Diameter but 
Not less than {" 


Fic. 3.—Three-Edge Bearings. 
Testing Apparatus 


(c) It is desirable that the testin 
shall produce a uniform deflection t 


making the test. 
ughout; so that 
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ably by the deformation or yielding of any part. The load shall be applie, 
continuously until the ultimate strength of the pipe is reached. 


Preliminary Tests and Tests for 
Extended Deliveries 


21. A purchaser of pipe whose needs require shipments at intervals 
over extended periods of time, shall be entitled to preliminary tests of not 


Upper 
Side View. : Bearing Frame. 
Fic, 4.—Sand Bearings. 


more than three pieces of pipe covering each size in which he is interested. 
The acceptability of the larger sizes of the pipe shall not be based on the 
results of tests of smaller sizes. After these preliminary tests, a purchast 
shall be entitled to additional tests in such numbers and at such times # 
he may deem necessary, provided that the total number of pipe tes! 
shall not exceed 2 per cent of the deliveries. 
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_A.S.T.M. DEsIGNATIO 


Tests for Occasional Orders 
22. A purchaser who places occasional orders shall be entitled to test 

a number of pipe not to exceed 2 per cent of an order, and not to exceed 

five pieces of any one size; otherwise the number of pipe desired for testin g 

shall be included in the order. 


Selecting Test Specimens 

23. The specified number of pipe for purpose of tests shall be furnished 
without charge by the manufacturer and shall be selected at random by 
the purchaser, and shall be pipe which would not otherwise be rejected 
under these specifications. The pipe shall be surface-dry when tested 
and shall not have been exposed to a temperature below 40 F. (5 C.) for 
the 24 hr. immediately preceding the test. 


Bedding of Barrel. 
Fic. 5.—Sand Bearings. 


Acceptability and Retests 

24. Pipe shall be acceptable under the strength tests when all test 
specimens conform to the test requirements. Should any of the pre- 
liminary test specimens provided for in Section 21, or any of the test speci- 
mens provided for in Section 22, fail to meet the test requirements, then 
the manufacturer will be allowed a retest on two additional specimens for 
each specimen that failed, and the pipe shall be acceptable only when all 
of these retest specimens meet the strength requirements. : 
Concrete Tests and Reinforcement -_ 

Examinations 

25. By agreement between the purchaser and manufacturer, the 


ee acceptability of the pipe (after the preliminary pipe tests have 
een made), may be determined by tests of the quality of the concrete_as — 
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placed in the pipe, and examination of the quality, amount, and accuracy 
of placement of reinforcement. If the quality of the concrete is determined 
from 6 by 12-in. test cylinders, they shall be made from the concrete used 
in making the pipe and shall be manufactured and cured under identical 
conditions with the pipe. Such cylinders shall be tested in accordance 
with the Standard Methods of Making Compression Tests of Concrete 
(A.S.T.M. Designation: C 39) of the American Society for ‘Testing 
Materials." 


Absorption Test 


26. Absorption tests shall be made in accordance with the procedure 
described in the following Paragraphs (a) to (e): 


Test Specimens 
(a) The number of absorption test specimens shall be equal to the 
number of pipe provided for testing. ‘The specimens shall be obtained 
from pipe that are acceptable as to strength, and shall be taken from pipe 
used in making the strength test after that test is made. The specimens 
shall be marked with the number or identification mark of the pipe from 
which they were taken. Each specimen shall have an area of 16 to 24 
sq. in., as measured on one surface of the pipe, and a thickness equal to the 
full depth of the pipe shell, and shall be free from visible cracks. - 


Drying Specimens 

(b) Specimens shall be dried at a temperature not to exceed approx- 
mately 230 F. (110 C.) until two successive weighings at intervals of not 
less than 2 hr. show an increment of loss not greater than 0.1 per cent of 
the original weight of the specimen. 


Immersion and Reweighing 
(c) The dried specimens shall be placed in a suitable receptacle, 
covered with distilled water or rain water, raised to the boiling point and 
boiled for 5 hr., and then cooled in water to a fina) temperature of from 59 
to 68 F. (15 to 20 C.). When cool, the specimens shall be removed from 
the water and allowed to drain for not more than 1 min. The superficial 
water shall then be removed by a towel or blotting paper, and the specimens 


immediately weighed. 


Weighing Devices 

(d) The balance used shall be sensitive to 0.5 g. when loaded with 
1 kg., and weighings shall be read at least to the nearest gram. Where 
other than metric weights are used, the same degree of accuracy shall be 
obtained. 


1 1933 Book of A.S.T.M. Standards, Part II, p. 230. 
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Calculation and Reporting of Results 

(e) The increase in weight of the boiled specimen over its dry weight 
hall be taken as the absorption of the specimen, and shall be expressed as 
a percentage of the dry weight. The results shall be reported separately 


Test Equipment 
27. Every manufacturer furnishing pipe under these specifications 


shall furnish all facilities necessary to carry out the tests required in these 
specifications. 


SIZE AND PERMISSIBLE VARIATIONS 

Standard Sizes 

28. Pipe of the internal diameters listed in Tables I and II shall be 
the standard sizes for culvert construction. In elliptical pipe, the inside 
diameter at the minor axis shall be equal to the diameter of the correspond- 
ing size of circular pipe. 
Variations in Dimensions 

29. (a) Variations of the internal diameter shall not exceed +1 per 
cent for pipe having an internal diameter of 36 in. or less, and shall not 
exceed +0.75 per cent for larger pipe. ‘The shell thickness shall not be 
less than that intended in the design, by more than 5 per cent at any point. 

(b) Variations of the position of the reinforcement shall not exceed 
jin. from the position provided in the design for pipe having an internal 
diameter of 48 in. or less, and shall not exceed 3 in. for larger pipe; but 
the cover on the reinforcement shall not be less than 3 in. at any point. 


WORKMANSHIP AND FINISH 
Finish 
30. Pipe shall be substantially free from fractures, large or deep 
racks and surface roughness. ‘The planes of the ends of the pipe shall be 
perpendicular to the longitudinal axis. 


MARKING 
Marking 
31. The following shall be clearly stenciled on the pipe: 
The by an “S-C” for Standard-Strength Pipe, 
PIP by an “X-C” for Extra-Strength Pipe; 


a) 
(b) The date of manufacture; 
(¢) The name or trade-mark of the manufacturer, and 7 
(d) Elliptical pipe with circular reinforcing and circular pipe with 
tlliptical reinforcing shall have the word “Top” or “Bottom” clearly 


“enciled on the inside of the pipe at the correct place to indicate the proper 
Position when laid. 


A.S.T.M. Desicnation: C 76-35 
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INSPECTION AND REJECTION 
Minimum Age for Shipment 

32. Pipe shall be considered ready for shipment when they conform 
to the requirements, as indicated by the specified tests. 


Inspection 
33. All materials, processes of manufacture and finished pipe shall be 


subject to inspection and approval by an inspector employed by the pur. 
chaser. The manufacturer, when so directed by the inspector, shall have 
holes cut in such sections of the finished pipe (not exceeding one hole ir 
every 50 sections delivered), as desired, so that a proper inspection may be This 


made of the quantity and placement of the reinforcement. If the pipe is 
also tested for strength or absorption, inspection of the reinforcement sha 
be made on the pipe sections used for those tests, and in no case shall th 
total number of pipe cut open for inspection of reinforcement exceed t 

number to which the purchaser is entitled under the provisions of Sectior 


Externc 
21 or 22. the 
Causes for Rejection of Pipe Interna 

34. Pipe shall be subject to rejection on account of failure to meet a1 Abrasio 
of the specification requirements or on account of any of the following: 

(a) Fractures or cracks passing through the shell, except that a sing 
end-crack that does not exceed the depth of the joint shall not be cause for J Clay.— 
rejection. If a single end-crack that does not exceed the depth of tl hy 
joint exists in more than ten per cent of the pipe inspected, however, t we 
defective pipe shall be rejected. ten 

(b) Defects which indicate imperfect mixing and molding. Surface 

(c) Surface defects indicating honeycombed or open texture. Fire Cl 

(d) Spalls deeper than one-half the depth of the joint or extendin Nori 
more than 4 in. around the circumference. If spalls not deeper t! Shale. 
one-half the depth of the joint or extending not more than 4 in. aroundt cle: 
circumference exist in more than 10 per cent of the pipe, however, ! 
defective pipe shall be rejected. 

(e) Exposure of the reinforcement when such exposure would indicat? J Sewer 7 
that the reinforcement is misplaced. = | ind 
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TENTATIVE DEFINITIONS OF TERMS RE 
SEWER PIPE! 
A.S.T.M. Designation: C 8-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


Forces AcTING UPON SEWER PIPE 


External Forces.—Forces resulting from pressures or impact acting from — 
the outside upon the pipe. 

Internal Forces.—Forces resulting from interior fluid pressure. 

Abrasion.—Wearing away of surface material by friction. 


Raw MATERIALS 


(lay.—An earthy or stony mineral aggregate consisting essentially of 
hydrous silicates of alumina, plastic when sufficiently pulverized and 
wetted, rigid when dry, and vitreous when fired at a sufficiently high 
temperature. 

Surface Clay.—An unconsolidated, unstratified clay, occurring on the surface. Re 

Fire Clay.—A sedimentary clay of low flux content. 

Note.—It is usually associated with coal measures. 


Shale—A thinly stratified, consolidated sedimentary clay with well-marked _ 
cleavage parallel to the bedding. 


PIPE 


‘ewer Pipe.—Separate pipe suitable for the conveyance of domestic and 
industrial sewage and storm water, and capable of being joined to 
_ form a conduit. 
Fillings —A pipe other than a straight pipe. 


Fittings or Branches.—A pipe attached to and diverging from the barrel — 


of another pipe, such as Y-branches, T-branches, etc. 
Demands upon Sewer Pipes.—Requirements of qualities which are desirable 
and attainable under conditions of actual practice. 


astanter the standardization procedure of the Society, these definitions are under the jurisdiction of the 
Vommittee C-4 on Clay’ Pipe. 
tandard definitions are in effect a tentative revision of, and are intended to supersede when adopted as 
ve 1933 € present Standard Definitions of Terms Relating to Sewer Pipe (A.S.T.M. Designation: C 8 - 24), 
Book of A.S, r.M. Standards, Part II, p. 218. ion 
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PARTS OF SEWER PIPE Fire ( 
Barrel.—Main body of a pipe, exclusive of differently formed ends. it 
Ends.—Those parts of a pipe which terminate it and are so formed as tp § //4"” 
permit of making a proper joint. s 
Socket.—That end of a pipe which is sufficiently enlarged for a short distance ms 
to receive and enclose the spigot end of the adjoining pipe to form, § "4 
joint. 
Spigot-—That end of a pipe which enters and is formed to fit the socket 4" 
of the adjoining pipe; it is sometimes scored. t 
Base, Form of.—Shape of that part of a pipe which rests upon a foundation 
Annular Space.—The space extending around the periphery of a pipe Vert 
Mark 


between the inside of the socket and the outside of the spigot. 


Spigot Joint.—Formed by inserting the spigot end of one pipe into the 
socket of another and applying the jointing material. 

Jointing Materials—The materials which are inserted in the annular spac 
between the inside of the socket and the outside of the spigot and 
between the ends of adjoining pipes for the purpose of forming a 
continuous closed conduit. 

Elasticity of Joints—Ability of jointed pipes to resist strains caused by 

bending and returning to original position. 


0 


Propuct 
(a) Material 
Durability—Resistance to disintegration or deterioration. 
Serviceability.—Ability to readily and effectively render satisfactory servi 

Thickness.—Distance between outside and inside surfaces. 

Strength.—Ability to resist physical forces imposed during handling an 
after pipe has been put in use. 

Smoothness.—Evenness of surface without projections or irregularities. 


(b) Covering 


Glazing.—Hard glassy surface covering. 
Salt Glazing.—Glazing produced by injection of salt into kilns at ti 
of maturing temperature. 


Warp.—Twisted out of normal shape. 

Fracture. —Rupture of the material by a break through its entire thicknes 

Crack.—Fissure or open seam not necessarily extending through body «! 
material. 


i 
Bach 
Defects 
eh 


A.S.T.M. DesicnaTIon: C 8-35 T 


Fire Crack.—A crack resulting from lack of uniformity in shrinkage after 
the application of excessive heat. 

Hair Crack.—Irregularly running, fine, narrow crevice or fissure at the 
surface of a pipe not penetrating deeply, and caused by a shrinkage 
of material during manufacture. 

Blister. Convex hollow prominence formed by separation and raising of a 
film in the process of burning. 

Lamination.—A stratification of the material in the plane of the wall of 


the pipe. 
IDENTIFICATION 


Marking and Imprints.—Impressions made upon pipe at the place and time 
of manufacture for the purpose of identification. 
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ately OV 
DETERMINATION OF AMOUNT OF MATERIAL FINER THAN 


(c) 

No. 200 SIEVE IN AGGREGATES! rete 
A.S.T.M. Designation: C 117-35 T Na, 20 

pension 


This is a Tentative Standard and under the Regulations of the Society is subject to ‘ 
annual revision. Suggestions for revision should be addressed to the Headquarters of the Care sh 
Society, 260 S. Broad St., Philadelphia, Pa. coarse | 

wash W 


Scope (d) 


1. This method of test outlines the procedure for determining the total washed 
quantity of material finer than a standard No. 200 (74-micron) A.S.T.M. ata ten 
sieve in aggregates. (See Explanatory Note.) 102 per 


Apparatus Calculati 
2. The apparatus shall consist of the following: 5 
(a) Sieves.—A nest of two sieves, the first being a No. 200 (74-micron, 

sieve conforming to the requirements of the Standard Specifications for — 

Sieves for Testing Purposes (A.S.T.M. Designation: E 11) of the American AST. 

Society for Testing Materials,? and the second, a sieve having approximately 

16 meshes per linear inch. Check D 
(b) Container.—A pan or vessel of a size sufficient to contain the sampl 6. 

covered with water and to permit of vigorous agitation without inadvertent & «ther ¢ 

loss of any part of the sample or water. shail su 


lated ff 
Test Sample 


3. (a) The test sample shall be selected from material which has beet 
thoroughly mixed and which contains sufficient moisture to prevent segr 
gation. A representative sample, sufficient to yield not less than th 
appropriate weight of dried material, as shown in the following table, sha 
be selected: 


APPROXIMATE 
NOMINAL DIAMETER OF Minimum WEIG N 
LARGEST PARTICLE, IN. OF SAMPLE, KG NOT 


1 Under the standardization procedure of the Society, this method is under the joint jurisdiction of se Suction 
Committee C-9 on Concrete and Concrete Aggregates and Committee D-4 on Rcad and Paving Mates 4 Apgereg t 

This method is in effect a tentative revision of, and is intended to supersede when adopted as stan 308 at 
the present Standard Method of Test for Quantity of Clay and Silt in Gravel for Highway eT Wy 
(D 72-21), and Standard Method of Decantation Test for Sand and Other Fine Aggregates (D 156~¢ purpose } 
see 1933 Book of A.S.T.M. Standards, Part II, pp. 950 and 951, respectively : 

2 1933 Book of A.S.T.M. Standards, Part if p. 1244. 
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Procedure 

4, (a) The test sample shall be dried to constant weight at a tempera- 
ure not exceeding 110 C. (230 F.) and weighed to the nearest 0.02 per cent. 

(b) The test sample after being dried and weighed shall be placed in 
the container and sufficient water added to cover it. The contents of the 
‘ntainer shall be agitated vigorously and the wash water poured immedi- 
tely over the nested sieves, arranged with the coarser sieve on top. 

(c) The agitation should be sufficiently vigorous to result in the com- 
dete separation from the coarse particles of all particles finer than the 
‘No. 200 (74-micron) A.S.T.M. sieve and bring the fine material into sus- 
gension in order that it will be removed by decantation of the wash water. 
(are shall be taken to avoid, as much as possible, the decantation of the 
coarse particles of the sample. ‘The operation shall be repeated until the 
wash water is clear. 

(d) All material retained on the nested sieves shall be returned to the 
washed sample. The washed aggregate shall be dried to constant weight 
ata temperature not exceeding 110 C. (230 F.) and weighed to the nearest 
(.02 per cent. 


Calculation of Results _ 
5. The results shall be calculated from the following formula: 


Percentage of material finer = 
than No. 200 (74-micron) _ Original dry weight — dry weight after washing 


; x 100 
ASTM. sieve Original dry weight 


Check Determinations 


6. When check determinations are desired, the wash water shall be 
‘ither evaporated to dryness or filtered through tared filter paper which 
‘hail subsequently be dried, the residue weighed and the percentage calcu- 
ated from the following formula: 


Percentage of material finer than Weich id 
No. 200 (74-micron) A.S.T.M, of residue 
sieve Original dry weight 


Note.—This tentative method was prepared by a joint Conference Committee 

a silt and Loam, representing Committee C-9 on Concrete and Concrete Aggregates 

“d Committee D-4 on Road and Paving Materials, as a replacement of the existing 

“tandard Method of Test for Quantity of Clay and Silt in Gravel for Highway Con- 

“tuction (D 72-21) and Method of Decantation Test for Sand and Other Fine 
“seregates (D 136 - 28) for the following reasons: 


__ 1. To eliminate two existing standard methods which essentially are for the same 
— but which differ somewhat in technique and which may not give comparable © 


x 100 


EXPLANATORY NOTE 
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834 METHOD OF TEST FOR FINE MATERIAL IN AGGREGATES 


2. To define with precision the maximum size of the fine material determined by the 
test and thus eliminate such indefinite terms as clay, silt and loam. 2 

3. To eliminate the sedimentation methods of the two existing standards. To secur 
accurate results by means of sedimentation it is necessary to control several varial 
which are not controlled in either of the existing standards. The control necessary for 
accurate sedimentation test is a refinement which is not warranted by the purpose of t 
tests. The desired results may be secured by the simple washing test described in t 
proposed tentative method. 

Attention should be called to the fact that the proposed method will not necessar 
give results comparable with those obtained with either of the existing standard meth 
The differences will depend on the grading and amount of the fine material and on t 
variations in the technique which are possible in conducting the tests in accordance 1 
the present standard methods. Generally speaking, the new method may be expected t 
show somewhat higher percentages of fine material than the present standards and t 
replacement of these by the proposed method may require some revision in the test lis 
of existing standard specifications. 

A number of tests made in one laboratory on representative sands for portland-cemer 
concrete gave, with the proposed method, percentages of material finer than the No. 2 
(74-micron) sieve which averaged about 0.3 per cent higher than the fine material det 
mined by the present standard decantation test. 

While it appears that relatively few commercial sands as now produced would | 
affected by the proposed change in the test method, recognition of the increased loss sho 
probably be made in specification requirements to avoid the exclusion of what are, a 
present, border-line materials. For example, the usual limit for concrete sand of 3.0 per 
cent removed by decantation might be changed to 3.5 per cent of material finer than t! 
No. 200 (74-micron) sieve, or to some other value which might be established by fur 
tests. 
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"TENTATIVE METHOD 
MAKING COMPRESSION TESTS OF CONCRETE USING 
PORTIONS OF BEAMS BROKEN IN FLEXURE! 
_ (MODIFIED CUBE METHOD) 


A.S.T.M. Designation: C 116-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
260 S. Broad St., Pa. 


ISSUED, 1935. 


1. This method is intended to cover compression tests of concrete 
using for the test specimens portions of beams broken in flexure in accord- 


ance with the Tentative Laboratory Method of Making Flexure Tests of 
Concrete Using a Simple Beam with Center Loading (A.S.T.M. a 
tion: C 78-30 T) of the American Society for Testing Materials,? 
portions of beams having a square cross-section molded and tested in 
accordance with other recognized methods. 


Size and Shape of Specimen 


2. The broken portions of beams selected for the compression test shall 
have a length not less than 2 in. greater than the depth of the beam, and 
they shall be free from cracks, chipped surfaces, or other obvious defects. 


Preparation of Test Specimen 


3. If the sides of the beam as cast consist of plane, smooth surfaces 
‘ccurate to 0.005 in., no capping will be necessary. If the sides of the 
veam as cast are not true planes they shall be capped in such a manner that 
plane surfaces are secured on opposite sides of the beam as cast. The caps 
shall cover the full width of the beam and shall be of such length as to permit 
the adjustment of the bearing plates for the test so that the upper bearing 
plate may be placed directly over the lower bearing plate. ‘The material 


sed for capping and the thickness of the cap shall be such that it will not 
‘OW under the load. 


nder the standardization procedure of the Society, this method is under the jurisdiction of the A.S.T.M. 
ttee C-9 on Concrete and Concrete Aggregates. 


voceedings, Am. Soc. Testing Mats., Vol. 30, Part I, p. 1027 (1930); also 1935 Book of A.S.T.M. Tenta-— 


andards, p. 597, 
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836 TENTATIVE METHOD OF MAKING COMPRESSION TESTS _ 


Method of Testing 

4. Only the ultimate compressive strength shall be determined. The 
specimen shall be tested between machined metal bearing plates not less 
than 3 in. in thickness. The diameter of the spherical bearing block shal] 
be at least 75 per cent of the depth of the beam. The dimension of the 
plates parallel to the length of the beam shall be equal to the nominal depth 
of the beam. ‘The upper bearing plate shall be placed directly over the 
lower plate. A device which insures the proper location of the upper plate 
with reference to the lower plate is shown in Fig. 1. The load shall be 
applied to the bearing blocks by means of an adjustable head. 


_b0ss Welded to Bearing Plate 
/ to keep Plate in Alignment 


Concrete--> 
Specimen 


About # Clearance 


Bottom Bearing Plate q 
Width Equals A Plus 


Guide Supports Welded bout £ Ch 
to Bottom Bearing Plate por Side 


Fic. 1.—Device for Aligning Bearing Plates. 


Application of Load 

5. The load shall be applied uniformly and without shock. The rate 
of application of load shall be not in excess of that applied by a testing 
machine, the moving head of which under no load travels at the rate of 0.05 
in. per min. 


Record of Test 

6. The total load indicated by the testing machine at failure of the 
test specimen shall be recorded and the unit compressive strength calculated 
in pounds per square inch. In calculating the unit compressive strength, 
the cross-sectional area shall be taken as the average of the upper and lower 
contact areas. The type of failure and appearance of the concrete shall be 
noted. 
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TENTATIVE METHOD OF TEST 
FOR 


NESS OF COARSE AGGREGATES BY USE OF SODIUM 
SULFATE OR MAGNESIUM SULFATE! 


A.S.T.M. Designation: C 89-35 T 


- This is a Tentative Standard and under the Regulations of the Society is subject to. 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


— 
Issuep, 1931; REVISED, 1932, 1935. 
Scope 


1. This method describes the procedure to be followed in testing coarse 
aggregates to determine their soundness as indicated after immersion in a 
saturated solution of sodium sulfate or magnesium sulfate (Note). 

Note.—This method of test for the soundness of coarse aggregates includes two testing 
procedures, one by the use of sodium sulfate and the other by the use of magnesium sulfate. 
Either or both of these methods may be used at the option of the user. Special attention, 
however, is called to the fact that the test results by the use of these two methods differ 
considerably and care must be exercised in fixing proper test limits in any specifications 
which may include requirements for these tests. ‘ 

It is recommended that the results obtained with this test method shall be considered 
only as a guide in the selection of aggregates. It is not intended that the test shall] be used 
as an arbitrary basis for rejection of the material without taking other factors into account; 


consideration should be given to the results obtained with the material when exposed to 
actual weathering conditions. 


Apparatus 


2. The apparatus shall consist of the following: 

_ (a) Solution.—Supply of sodium sulfate or magnesium sulfate satura- 
tion solution prepared in accordance with Section 3 (a) or (b). 

(b) Sieves—A No. 4 sieve conforming to the Standard Specifications 
for Sieves for Testing Purposes (A.S.T.M. Designation: E 11) of the 
American Society for Testing Materials,? and sieves with square openings 
in sizes $ in., 3 in., 1} in., 2} in. and larger sizes by 1-in. spread for screening 
the samples in accordance with Sections 4 and 5. 

(c) Containers.—Suitable containers (Note) for immersing the samples 
of aggregate in the solution in accordance with the procedure hereinafter 
described shall be selected. The containers shall be non-metallic or of 
metal not subject to corrosion by sodium sulfate or magnesium sulfate. 


Comma iit the standardization procedure of the Society, this method is under the jurisdiction of the A.S.T.M. 
11933 Bo on Concrete and Concrete Aggregates. 
; ook of A,S.T,.M. Standards, Part II, p. 1244. 
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Nore.—No standard form of container is recommended since different practices wil] 
be most convenient in various laboratories, and the committee does not feel that this 
question, except for obvious fundamentals, is of importance. ‘Two general methods of 


immersion have been used, as follows: 
(1) Each sample placed in a water-tight container and covered with sodium sulfate 


or magnesium sulfate solution. 
(2) Each sample placed in a perforated container and immersed in a vat containing 


the sodium sulfate or magnesium sulfate solution. 

(d) Temperature Regulation.—Suitable means for regulating the tem- 
perature of the samples during immersion in the sodium sulfate or mag- 
nesium sulfate solution shall be provided. 

(e) Balance.—A balance having a capacity not less than 5000 g,, 
sensitive to at least 1 g., shall be used. 

(f) Drying Oven.—The drying oven shall provide a free circulation of 
air through the oven and shall be capable of maintaining a temperature of 
105 to 110 C. (221 to 230 F.). 


Sodium Sulfate Solution 

3. (a) The sodium sulfate solution shall be saturated by dissolving the 
salt, either of the anhydrous (Na,SQ,) or crystalline (Na2SO,-10 H,0) 
form, in water at a temperature of 24 to 27 C. (75 to 80 F.). The solution 
shall be thoroughly stirred during the addition of the salt and sufficient 
excess salt shall be added to insure saturation. (About 500 g. of the 
anhydrous form or 1000 g. of the decahydrate will be required for each 
liter of water.) ‘The solution shall be allowed to cool, before use, to a tem- 
perature of 21 C. = 1C. (70 F. = 2 F.). 


Magnesium Sulfate Solution 

(b) The magnesium sulfate solution shall be saturated by dissolving 
the salt, either of the anhydrous (MgSO,) or crystalline (MgSO,-7 H,0) 
(Epsom salt) form, in water at a temperature of 24 to 27 C. (75 to 80 F’). 
The solution shall be thoroughly stirred during the addition of the salt and 
sufficient excess salt shall be added to insure saturation. (About 325 g. 
of the anhydrous form or 650 g. of the crystalline form will be required for 
each liter of water). The solution shall be allowed to cool to room tempera- 
ture before use, which shall not be lower than 20 C. (68 F.). 


Samples of Coarse Aggregate 

4. (a) Samples of coarse aggregrate for the test shall consist of 
material from which the sizes finer than the No. 4 sieve have been removed. 
The sample shall be of such a size that it will yield not less than the follow- 
ing amounts of the different sizes, which are available in amounts of 5 pet 
cent or more. 


No. 4 to j-in. size (square openings).............sccsccececccccccs 100 g. 
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(b) Should the samples of coarse aggregate contain less than 5 per cent 
of any of the sizes specified in Paragraph (a), that size shall not be tested, 
but, for the purpose of calculating the test results, shall be considered to 
have the same loss in sodium sulfate or magnesium sulfate treatment as 
the average of the sizes tested. . 


Preparation of Test Sample = 


5. (a) The sample shall be thoroughly washed and dried to constant 
weight at a temperature of 105 to 110 C. (221 to 230 F.), and the samples 
of gravel or crushed stone shall be separated into different sizes by screening 
torefusal. The proper weight of sample for each fraction shall be weighed 
out and placed in separate containers for the test. In the case of fractions 
coarser than the 3-in. sieve, the number of particles shall be counted. 

(b) For testing ledge rock, the sample shall be prepared by breaking 
it into fragments reasonably uniform in size and shape and weighing 
approximately 100 g. each. The test sample shall weigh 5000 g. + 2 
percent. The sample shall be thoroughly washed and dried previous to 
test as described in Paragraph (a). 


Storage of Samples in Solution 


6. The samples shall be immersed in the prepared solution of sodium 
sulfate or magnesium sulfate for 18 hr. in such a manner that the solution 
covers them to a depth of at least } in. The containers shall be covered to 
reduce evaporation and prevent the accidental addition of extraneous 
substances. ‘The samples immersed in the sodium-sulfate solution shall be 
maintained at a temperature (Note) of 21 C. + 1C. (70 F. + 2F-.) for 
the 18-hr. period. 


Notr.—A moist room such as is used for curing concrete and mortar test speci- 
mens offers a convenient means of controlling the storage temperature. The presence 
it a few crystals of sodium sulfate or magnesium sulfate in the container is essential 
‘o keeping the solution saturated. 

Attention is called to the fact that it is not necessary to control the temperature 

of the magnesium-sulfate solution, as the solubility of this salt is practically constant 
at laboratory temperatures between 20 to 30 C. (68 to 86 F.). However, it is neces- 
“aty to keep a saturated solution which can be done by maintaining the specific 


tavity of the solution at not less than 1.29 at 25 C. dd F.) as determined with a 
ydrometer, 


Drying Samples After Immersion 


7. After the 18-hr. immersion period the aggregate samples shall be 
‘moved from the solution and placed in the drying oven. ‘The tempera- 
lure of the oven shall have been brought previously to 105 to 110 C. 

221 to 230 F.). Care shall be exercised to avoid loss of any aggregate 
particles (Note). The samples shall be dried to constant weight at the | 
Pecified temperature. After drying, the samples shall be allowed to cool | 
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to room temperature, when they shall again be immersed in the prepared 
solution as described in Section 6. 


Note.—The detritus also should be saved if the complete analysis suggested in { 
Note in Section 11 (6) is made. 


Cycles 


8. The process of alternate immersion and drying shall be repeat 
until the required number of cycles is obtained. _ a 


Examination 

9. Fractions of samples coarser than { in. shall be examined qualita. 
tively after each immersion and quantitatively at the completion of th 
test. Fractions finer than { in. shall be examined quantitatively only, an 
after the completion of the test. 


10. The qualitative examination and record shall consist of two parts 

_ (1) Observing the effect of action (Note) by the sodium-sulfate or mag. 
nesium-sulfate solution and the nature of the action, and (2) counting th 
number of particles affected. 


Note.—Many types of action may be expected. In general they may be classif 
disintegration, splitting, crumbling, cracking, flaking. 

While only particles larger than the ?-in. size are to be examined qualitativel 
recommended that examination of the smaller sizes be made in order to determine if t 
is any evidence of excessive splitting. 


Quantitative Examination 
11. The quantitative examination (Note) shall be made as follows: 
(a) After the completion of the final cycle and after the sample h 
cooled, the sample shall be washed free from the sodium sulfate or ma 
nesium sulfate as determined by the reaction of the wash water will 
barium chloride (BaCl.). 
(b) In the case of gravel or crushed stone after the sodium sulfate or 
magnesium sulfate has been removed, each fraction of the sample shall | 
dried to constant weight at 105 to 110 C. (221 to 230 F.), weighed 
screened over the same sieve on which it was retained before the te 
The weight of the material passing the sieve shall be determined and t 
weight recorded. 
Note.—In addition to the procedure described in Paragraphs (a) and (0) th 
_ lowing is suggested as giving additional information of value: . 
After treating each separate fraction of sample as described in Paragraph (6) all 
et the detritus, shall be combined and a sieve analysis made using a complete 


sieves for the determination of the fineness modulus. ‘The results of the sieve 4 
shall be recorded as cumulative percentages retained on each sieve. 


(c) In the case of ledge rock the loss in weight shall be determined | 
subtracting from the original weight of the sample the final weight o! ‘ 
fragments which have not broken into three or more pieces. 


| 
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Report 
12. The report shall include the following data (Note): 
(a) For gravel, crushed stone or slag: 

(1) Weight of each fraction of sample before test. 

(2) Number of particles in each fraction of sample coarser than 7 
2 in. before test. 

(3) The number of pieces affected, in fractions coarser than 3 in. 
only, classified as to number disintegrated, split, cracked, 
flaked, etc. 

(4) Material from each fraction of sample, finer than sieve on 

_ which fraction was retained before test, expressed as per- 
centage by weight of fraction. 

(5) Weighted average calculated from the percentages of loss for 
each fraction, based on the grading of the sample as re- 
ceived or, in the case of ledge rock, as prepared by break- | 
ing into particles for the test. 

(6) Character of solution (sodium or magnesium sulfate). 

(b) For ledge rock: 

(1) The percentage of loss calculated as described in Section 1 1 ( (), 

(2) The number of pieces affected, classified as to number 
disintegrated, split, cracked, flaked, etc. 

(3) Character of solution tesla or magnesium sulfate). 


_ Note.—The following table, shown with test values inserted for purpose of illustra- 
tion, is a suggested form for recording test data. 


Chemical Used in Test Sodium Sulfate 


(b) (c) 
Sieve Size Grading ei Percentage | Weighted 
of Original Passing Finer} Average 
Sample, Fractions | Sieve After | (Corrected 
Retained on per cent Before {Test (Actual 
Test, g. |per cent Loss) 


20.0 30002 
45.0 15002 
23.0 3002 
12.0 100° 


Totals...... 100.0 4900 
“Minimum amounts; larger samples may be used. 
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TENTATIVE METHOD OF TEST 
FOR 
SOUNDNESS OF FINE AGGREGATES BY USE OF SODIUM 
SULFATE OR MAGNESIUM SULFATE! 


A.S.T.M. Designation: C 88 - 35 T 


This is a Tentative Standard and under the Regulations of the Society is subject 1 tive to 
annual revision. Suggestions for revision should be addressed to the Headquarters of t ( f 
Soc iety, 260 S. Broad St., Philadelphia, Pa. 


"ae 1931; REVISED, 1932, 1935. 


air thr 


105 to 


This method describes the procedure to be followed in testing fine Sodium 
ospicaues to determine their soundness as indicated after immersion ina 3. 
saturated solution of sodium sulfate or magnesium sulfate. salt, € 


Note.—This method of test for soundness of fine aggregates includes two testir form, i 
procedures, one by the use of sodium sulfate and the other by the use of magnesium sulfate shall b 
Either or both of these procedures may be used, at the option of the user. Special atten- ‘ 
tion, however, is called to the fact that the test results by the use of these two mett €XCESS 
differ considerably and care must be exercised in fixing proper test limits in any specif fica- drous | 
tions which may include requirements for these tests. 

It is recommended that the results obtained with this test method shall be considered water). 
only as a guide in the selection of aggregates. It is not intended that the test shall be u of 21 ( 
as an arbitrary basis for rejection of the material without taking other factors into accour is 
consideration should be given to the results obtained with the material when expos — 
actual weathering conditions. magnes 

(b 
the sal 


Epson 


Apparatus 
2. The apparatus shall consist of the following: 
(a) Solution.—Supply of sodium-sulfate or magnesium-sulfate satu 
rated solution prepared in accordance with Section 3 (a) or (0). and ue 
(b) Sieves.—A nest of sieves comprising sizes Nos. 100, 50, 30, 16,° Bf 1, 
and 4, conforming to the Standard Specifications for Sieves for Testi 
Purposes (A.S.T.M. Designation: E 11) of the American Society f 
Testing Materials? and also a 3-in. sieve for screening the samples as spec 
fied in Sections 4 and 5. Sample 
(c) Containers.—Suitable containers (Note) for immersing the sample 
of aggregate in the solution in accordance with the procedure hereinafter J sieve, 
described shall be selected. Containers shall be non-metallic or of met J of each 
not subject to corrosion by sodium sulfate or magnesium sulfate. or more 


for eac] 
peratur 


Note.—No standard form of container is recommended since different practices " 
be most convenient in various laboratories, and the committee does not feel that 


: 1 Under the standardization pyeeetuse of the Society, this method is under the jurisdiction of the AS. 
Committee C-9 on Concrete and Concrete Aggregates. 
2 1933 Book of A.S.T.M. Standards, Part II, p. 1244. 


| @ sulfate 
(2) 
| vat con 
to prev 
used pr 

tempel 

manana 

1 \ 

| 

q 

| 


A.S.T.M. DESIGNATION: C 88-35 T 843 


question, except for obvious fundamentals, is of importance. ‘Two general methods of 
immersion have been used as follows: 


(1) Each sample placed in a water-tight container and covered with the sodium 
gilfate or magnesium sulfate solution. 

(2) Each sample placed in a container with a wire mesh bottom and immersed in a 
vat containing the sodium sulfate or magnesium sulfate solution. Care should be taken 
to prevent loss by flotation if uncovered containers are submerged. If nesting sieves are 
wed precaution should be taken to prevent loss of material from one sieve to another. 


Temperature Regulation.—Suitable means for regulating the 
temperature of the samples during immersion in the sodium sulfate or 
magnesium sulfate solution shall be provided. 

(e) Balance.—A balance having a capacity not less than 500 g., sensi- 
tive to at least 0.1 g., shall be used. 

(f) Drying Oven.—The drying oven shall provide a free circulation of 
air through the oven and shall be capable of maintaining a temperature of 
105 to 110 C. (221 to 230 F.). 


Sodium Sulfate Solution 


3. (a) The sodium sulfate solution shall be saturated by dissolving the 
alt, either of the anhydrous (NaSO,) or crystalline (Na2SO,°10 
form, in water at a temperature of 24 to 27 C. (75 to 80 F.). The solution 
shall be thoroughly stirred during the addition of the salt and sufficient 
excess salt shall be added to insure saturation (about 500 g. of the anhy- 
drous form or 1000 g. of the decahydrate will be required for each liter of 
| water). The solution shall be allowed to cool before use to a temperature 
+#1C.(70F.+2F). 
| Magnesium Sulfate Solution 
(b) The magnesium sulfate solution shall be saturated by dissolving 
the salt, either of the anhydrous (MgSO,) or crystalline (MgSO,°7 H,0) 
Epsom salt) form, in water at a temperature of 24 to 27 C. (75 to 80 F.). 
The solution shall be thoroughly stirred during the addition of the salt 
and sufficient excess salt shall be added to insure saturation (about 325 g. 
of the anhydrous form or 650 g. of the crystalline form will be required 
loreach liter of water). The solution shall be allowed to cool to room tem- 
perature before use, which shall not be lower than 20 C. (68 F.). 


Sample of Fine Aggregate 


mpls @ 4. (a) Fine aggregate for the test shall be passed through a 3-in. 
nafte § Seve. The sample shall be of such size that it will yield not less than 100 g. 
met [Of each of the following sizes, which are available in amounts of 5 per cent 
of more, expressed in terms of the following A.S.T.M. sieves: 
= Retained on Sieve No. 100, passing Sieve No. 50 . 

a Retained on Sieve No. 50, passing Sieve No. 30 

; Retained on Sieve No. 30, passing Sieve No. 16 

Retained on Sieve No. 16, passing Sieve No. 8 


Retained on Sieve No. 8, passing Sieve No. 4 
Retained on Sieve No. 4, passing 3-in. sieve 
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METHOD OF TEST FOR SOUNDNESS OF FINE AGGREGATE 


(b) Should the fine aggregate contain less than 5 per cent of any of 
the sizes specified in Paragraph (a), that size shall not be tested but, for 


the purpose of calculating the test results, shall be considered to have the 
same loss in sodium-sulfate or magnesium-sulfate treatment as the averag; 
of the sizes tested. = 
Preparation of Test Sample 

5. The sample shall be thoroughly washed on a No. 100 sieve and 
dried to constant weight at a temperature of 105 to 110 C. (221 to 230F 
and separated into the different sizes by sieving as follows: 

Make a rough separation of the graded sample by means of a nest of 
the standard sieves specified in Section 4. From the fractions obtained in 
this manner select samples of sufficient size to yield 100 g. after sieving to 
refusal. (In general, a 110-g. sample will be sufficient.) Fine aggregat 
sticking in the meshes of the sieves shall not be used in preparing tl 
samples. Samples consisting of 100 g. shall be weighed out of each of th 


separated fractions after final sieving and placed in separate containers f 
the test. 


of in Solution 

The samples shall be immersed in the prepared solution of sodium 
adie or magnesium sulfate for 18 hr. in such a manner that the solutia 
covers them to a depth of at least } in. The containers shall be cover 
to reduce evaporation and prevent the accidental addition of extran 
substances. ‘The samples immersed in the sodium-sulfate solution si 
be maintained at a temperature (Note) of 21 C. +1 C. (70 F. +2 F. 
the 18-hr. period. 

Note.—A moist room such as is used for curing concrete and mortar test spect! 
offers a convenient means of controlling the storage temperature. The presence of a! 
crystals of sodium sulfate or magnesium sulfate in the container is essential to keeping 
solution saturated. 

Attention is called to the fact that it is not necessary to control the temperature 
the magnesium-sulfate solution, as the solubility of this salt is practically constant 4 
laboratory temperatures between 20 to 30 C. (68 to 86 F.). However, it is necessar 


keep a saturated solution which can be done by maintaining the specific gravity ol 
solution at not less than 1.29 at 25 C. (77 F.) as determined with a hydrometer. 


Samples After Immersion 

. After the 18-hr. immersion period the aggregate samples shall be 
4 aie from the solution and placed in the drying oven. The te 
perature of the oven shall have been brought previously to 105 to 110¢ 
(221 to 230 F.). Care shall be exercised to avoid loss of any of the ager 
gate particles or detritus coarser than a No. 100 sieve. The samples sh 
be dried to constant weight at the specified temperature. After drying 
the samples shall be allowed to cool to room temperature, when they sha. 
again be immersed in the prepared solution as described in Section 6. 
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Cycles 
8. The process of alternate immersion and drying shall be =p 
yntil the required number of cycles is obtained. 


Examination 
9. The examination (Note) of the test sample shall be made as follows: 
(a) After the completion of the final cycle and after the sample has 

cooled, the sample shall be washed free from the sodium sulfate or mag- 

sesium sulfate as determined by the reaction of the wash water with 
barium chloride (BaCl,). 

(b) After the sodium sulfate or magnesium sulfate has been removed, 
each fraction of the sample shall be dried to constant weight at 105 to 
110 C. (221 to 230 F.), weighed and screened over the same sieve on which 
it was retained before the test. The particles retained on this sieve shall 
ve weighed and the weight recorded. 


Note.—In addition to the procedure described in Paragraphs (a) and (b), the follow- 
ing is suggested as giving additional information of value: 


Each fraction should be examined visually in order to determine if there i is any evidence _ 


if excessive splitting of the grains. 
Report 

10. The report shall include the following data (Note): 

(a) Weight of each fraction of sample before test. 

(b) Material from each fraction of sample, finer than sieve on which 
iraction was retained before test, expressed as a percentage by weight of 
the fraction. 

(c) Weighted average calculated from the percentages of loss for each 
iraction and based on the grading of the sample as received for exam- 


| ination. 


(d) Character of solution (sodium or magnesium sulfate). 


Note.—The following table, shown with test values inserted for purpose of 
ilustration, is a suggested form for recording test data: 


Gradi ( ercentage (c) 

Sieve Size jrading of fa) Passing Weighted 

Original Weight of Paley 
Sample, | Teat Fractions | Finer Seve | Average, 

— Test, g. 
(Actual per | per cent Loss) 

Retained on cent 103s) 


sine pa tzan”, Percentage loss (6.3 per cent) of all sizes tested is used as the percentage loss for this size, since this size 


per cent of the original sample as received. See Section 5. 
iy treating each separate fraction of sample as described in Paragraph (5), all 
it puting the detritus, shall be combined and a sieve analysis made using as many 
me ollowing sieves as are required: Nos. 100, 50, 30, 16, 8, 4. The results of the sieve 
ysis shall be recorded as cumulative percentages retained on each sieve. 
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TENTATIVE METHOD OF TEST 

FOR 

DETERMINATION OF VOIDS IN COARSE AGGREGATE FOR 
CONCRETE (DRY RODDED)! 

A.S.T.M. Designation: C 30-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject 
annual revision. Suggestions for revision should be addressed to the Headquarters of 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1935. 


of Voids 
The voids in dry rodded coarse aggregate shall be determined by 
the formula: 


. gr. X 62.355) — Wt 
Percentage of voids = Gp. gf. X = — x 100 
sp. gr. X 62.355 


where sp. gr. = the apparent specific gravity of the coarse aggregat 
determined by the method referred to in Section 2 (a 


= the weight in pounds of 1 cu. ft. of water at the standar 
temperature of 16.7 C. (62 F.) 

Wt. = the weight in pounds per cubic foot of the coarse aggregat 

as determined by the method referred to in Section 2 | 


Methods of Testing 
The specific gravity and weight of the aggregate shall be determine! 

in accordance with the following methods of test of the American Socie! 
for Testing Materials: 

(a) Specific Gravity—Standard Method of Test for Apparent Spe 
Gravity of Coarse Aggregates (A.S.T.M. Designation: D 30).* 

(b) Weight of Coarse Aggregate.—Standard Method of Test for Ur 
Weight of Aggregate for Concrete (A.S.T.M. ere C 29).* 


1 Under the standardization procedure of the Society, this \d is under the jurisdiction of the A. 
Committee C-9 on Concrete and Concrete Aggregates. 

This tentative method, when adopted as standard, will be added to the present Standard Method ¢ 0 
for Determination of Voids in Fine Aggreg sate for Concrete (A.S.T.M. Designation: C 30-22), see 1933 
of A.S.T.M. Standards, Part II, p. 24 


21933 Book of A.S.T.M. hat nd Part II, p. 994. 
3 Jbid., p. 247. 
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TENTATIVE SPECIFICATIONS _ 
FOR 


CLASSIFICATION OF COALS BY RANK! 


A.S.T.M. Designation: D 388 - 35 T 


This is a Tentative Standard and under the Regulations of the Society is subject 
toannual revision. Suggestions for revision should be addressed to the Headquarters 


of the Society, 260 S. Broad St., Philadelphia, Pa. a 
IssUED, 1934; REVISED, 1935. 


Scope 


1. These specifications cover the classification of coals by rank, 
that is, according to their degree of metamorphism, or progressive 
alteration, in the natural series from lignite to anthracite. 


Basis of Classification 


2. The basic scheme of classification is according to fixed carbon 
and calorific value (expressed in B.t.u.) calculated to the mineral- 
matter-free basis. The higher-rank coals are classified according to 
fixed carbon on the dry basis; and the lower-rank coals according to 
Btu. on the moist basis. Agglutinating and slacking indices are 
used to differentiate between certain adjacent groups. 


CLASSIFICATION BY RANK _ 
Classification by Rank 


3. (a) Fixed Carbon and B.t.u.—Coals shall be classified by rank 
in accordance with Table I. Coals having calorific values of 14,000 
B.tu. or more on the moist, mineral-matter-free basis, and coals 
having fixed carbon of 69 per cent or more on the dry, mineral-matter- 
free basis, shall be classified according to fixed carbon on the dry, 
mineral-matter-free basis; coals having calorific values less than 
14,000 B.t.u. on the moist, mineral-matter-free basis shall be classified 
according to B.t.u. on the moist, mineral-matter-free basis, provided 


the fixed carbon on the dry, mineral-matter-free basis is less than 
69 per cent. 


(6) Weathering Index.—Coals showing average weathering indices 


of less than 5 per cent shall be considered non-weathering, coals 


showing average weathering indices of 5 per cent or more shall be 
considered weathering from the standpoint of classification. 

' Under the standardization procedure of the Society, these specifications are under the jurisdiction 


thie Sectional Committee on Classification of Coals functioning under the procedure of the American 
ndards Association with the American Society for Testing Materials as sponsor. 
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SPECIFICATIONS FOR CLASSIFICATION OF COALS BY RANK 


(c) Agglutinating Index.—Coals having average agglutinating in- 
dices of 500 g. or more at a ratio of 15 parts sand to 1 part coal shall 
be considered agglutinating from the standpoint of classification. 


Legend: F.C. = Fixed Carbon. 


TABLE I.—CLASSIFICATION OF COALS BY RANK. 


V.M. = Volatile Matter. 


B.t.u. = British thermal units, 


Class 


Group 


Limits of Fixed Carbon or B.t.u. 
Mineral-Matter-Free Basis 


Requisite Physical 
Properties 


I, Anthracitic 


II. Bituminous*.... 


III. Subbituminous 


IV. Lignitic 


1. Meta-anthracite 
2. Anthracite. . 


3. Semianthracite 


1, Low volatile bituminous coal... . 


2. Medium volatile bituminous coal 


3. High volatile A bituminous coal 


4. High volatile B bituminous coal. 


5. High volatile C bituminous coal. 


1. Subbituminous A coal 
2. Subbituminous B coal 
3. Subbituminous C coal 


1. Lignite 
2. Brown coal 


per cent or more 
, 2 per cent or less) 

Dry c. “i per cent or more 

and less than 98 per cent (Dry 
8 per cent or less and 
more than 2 per cent) 

Dry F.C., 86 per cent or more 
and less than 92 per cent (Dry 
V.M., 14 per cent or less and 
more than 8 per cent) 


Dry F.C., 78 per cent or more 
and leas than 86 per cent (Dry 
V.M., 22 per cent or less and 
more than 14 per cent) 

Dry F.C., 69 per cent or more 
and less than 78 78 per cent (Dry 

., 31 per cent or less and 
more than 22 per cent) 

, F.C., less than 69 per cent 
(Dry V. .M., more than 31 per 
cent); and moist’ t.u., 
14, 0004 or more 

Moist? B.t.u., 13, 000 or more and 
less than 14, 0004 

Moist B t.u., 11,000 or more and 
less than 13, 0004 


Moist B.t.u., 11,000 or more aud 
less than 13,0004 

Moist B.t.u., ‘9500 or more and 
less than il ,0004 

Moist B.t.u., ‘8300 or more and 
less than 95004 


Moist B.t.u., less than 8300 
Moist B.t.u., less than 8300 


Non-agglutinating* 


Either agglutinating or 
non-weathering 


Both weathering and 
non-agglutinating 


Consolidated 
Unconsolidated 


© If agglutinating, classify in low-volatile group of the bituminous class. 
> Moist B.t.u. refers to coal containing its natural bed moisture but not including visible water on the surfac 


of the coal. 


¢ Pending the report of the Subcommittee on Origin and Composition and Methods of Analysis, it is recognized 
that there may be non-caking varieties in each group of the bituminous class. 
having 69 per cent or more fixed carbon on the dry, mineral-matter-free basis shall be classified accordit 

to ses carbon, regardless of B.t.u. 


* There are three varieties of coal in the High-volatile C bituminous coal group, namely, Variety 1, 


and non-weathering; Variety 2, agglutinating and weathering; Variety 3, non-agglutinating and non-weat 


Symbols for Expressing Classification 
4. (a) The position of a coal in the scale of rank may be expressed 
in condensed form as in the following example: 
(62 — 146) 
in which the parenthesis signifies that the contained numbers ar¢ 
on the mineral-matter-free basis. 
carbon on the dry basis, reported to the nearest whole per cent. 
The second number represents B.t.u. on the moist basis, expressed 4s 


hundreds of B.t.u. (to the nearest hundred); 
B.t.u. would be represented as 146. 


The first number represents fixed 


for example, 14,580 
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(b) When agglutinating or weathering properties enter into the 
classification of a coal, they shall be expressed outside and immediately 
following the parenthesis by the following symbols: 

ag. = agglutinating 

na. = non-agglutinating 
we. = weathering 

nw. = non-weathering. 

(c) Symbols describing the grade of coal shall be placed after | 
the parenthesis, as shown in the following illustration: 

(62-146) 132—-A8-F24-S1.6 
The numbers in parenthesis are on the mineral-matter-free basis, 
and give the position of the coal in the scale of rank as explained in 
Paragraph (a) of this section. The numbers and symbols following 
the parenthesis show the position of the coal according to classifica- 
tion by grade as shown in Section 2 of the Tentative Specifications for 
Classification of Coals by Grade (A.S.T.M. Designation: D 389 — 34 T) 
of the American Society for Testing Materials.1 That is, 132-A8- 
F24-S1.6 indicates a heating value of approximately 13,200 B.t.u., 
an ash content of 6.1 to 8.0 per cent, inclusive, an ash-softening 
temperature of 2400 to 2590 F., inclusive, and a sulfur content of 1.4 


to 1.6 per cent, inclusive, all expressed on the basis of the coal as 
sampled. 


SAMPLING 
Bed Samples 


5. (a) The classification of a coal bed, or part of a coal bed, in 
any locality shall be based on the average analysis and calorific value 
(and agglutinating and weathering index where required) of not less 
than three and preferably five or more face samples taken in different 
and uniformly distributed localities, either within the same mine or 
closely adjacent mines representing a continuous and compact area 
not greater than approximately four square miles in regions of geo- 
logical uniformity. In regions where conditions indicate that the : 
coal probably varies rapidly in short distances the spacing of samples : 
and grouping of analyses to provide average values shall not be such 
that coals of obviously different rank will be used in calculating | 
average values. 
(b) The samples shall be taken in accordance with.the U. S. 7 
Bureau of Mines method? or its equivalent, and shall be placed in — 


' Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 841 (1934); also 1935 Book of A.S.T.M. 
tntative Standards, p. 624. 


moisture-tight containers in the mine. | 


. *J. A. Holmes, “The Sampling of Coal in the Mine,” U.S. Bureau of Mines Technical Paper 
©. 1 (1918), 
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(c) Analyses of samples from outcrops or from weathered or 
oxidized coal shall not be used for classification by rank. 

(d) In case the coal is likely to be classified on the “moist”’ basis, 
that is, containing the natural bed-moisture, the samples shall be 
taken at freshly exposed faces, which are free from visible surface 
moisture if possible. Samples of low-rank coals which appear dry 
at the time of collection frequently give off moisture which condenses 
on the inner surface of the sample containers, before they are opened 
for analysis. In the case of coals which were free from visible surface 
moisture when sampled, but which show moisture on the inner sur- 
face of the containers when opened, both the container and the coal 
shall be weighed before and after air-drying and the total loss in weight 
shall be reported as air-drying loss. 

(e) If it is impossible to sample the coal without including visibl 
surface moisture, and the coal is likely to be classified on the “moist” 
basis, the sampler shall include the following statement in the descrip- 
tion: ‘‘Sample contains surface moisture.”” Samples so marked shall 
not be used for classification on a moist basis unless brought to a 
standard condition of moisture equilibrium at 30 C. in a vacuum 
desiccator containing a saturated solution of potassium sulfate (97 

per cent humidity) as suggested by Stansfield and Gilbart.! Analyses 
of such wet samples which have been treated in this manner shall 
be designated as ‘‘wet samples equilibrated at 30 C. and 97 per cent 


Tipple or Shipment Samples 


6. (a) The classification of “run of mine” coal and prepared 
sizes of coal shall be based on representative samples taken in accord- 
ance with the Standard Method of Sampling Coal (A.S.T.M. Designa- 
tion: D 21) of the American Society for Testing Materials. 

(b) In case the coal is likely to be classified on the ‘moist 
basis, the samples shall be taken at the tipple or preparation plant 
and protected against loss of moisture as specified in Sections 8 and 
9 of the Standard Method D 21. Samples which appear dry at th 
time of collection shall be handled in accordance with Section 5 (d 
above to ensure correct determination of total air-drying loss. 
Samples which have visible surface moisture on the coal when 
sampled, and which are likely to be classified on the “moist” basis, 
shall be marked by the sampler, equilibrated, and the analyses 
designated in accordance with Section 5 (e) above. 


& Edgar Stansfield and K. C. Gilbart, ‘‘ Moisture Determination for Coal Classification,” Transe¢ 
tions, Am. Inst. Mining and Metallurgical Engrs., Coal Division, p. 125 (1932). 
1933 Book of A.S.T.M. Standards, Part II,p.318, 
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A.S.T.M. DESIGNATION: D 388-35 T 


METHODS OF ANALYSIS AND TESTS 
Laboratory Sampling and Analysis 


and Coke (A.S.T.M. Designation: D 271) of the American Society 
for Testing Materials.! 


Weathering or Slacking Index 4 


~ 
8. Pending the adoption of a method by the American Society 
for Testing Materials, the weathering or slacking characteristics of 
coals shall be determined by the U. S. Bureau of Mines method? 
modified with respect to the selection of a standard humidity. 
Briefly, the test consists of air-drying 500 to 1000 g. of approximately 
1 to 1} in. lumps at a temperature of 30 to 35 C. and a humidity of 30 
to 35 per cent for a period of 24 hr. and then immersing the lumps in 
water for 1 hr.; the water then being drained off, and the sample again 
air-dried for 24 hr. The amount of disintegration is determined by 
sieving on an 8-in. wire-mesh sieve with 0.263-in. square openings, 


7. The coal shall be prepared and analyzed in accordance with 
the Standard Methods of Laboratory Sampling and Analysis of Coal 


and weighing the quantity of coal passing (undersize) and that re- 
tained on (oversize) the sieve. The percentage of coal passing the 
sieve (undersize), after deducting a blank sieving test, is the weather- ; 


ing or slacking index of the coal. 


Agglutinating Index 


9. Pending consideration of an agglomeration test now being in- 
vestigated, the agglutinating index shall be determined in accordance 
with the Proposed Method of Test for Agglutinating Value of Coal, 
published as information by the American Society for Testing 
Materials. 


CALCULATION TO MINERAL-MATTER-FREE BASIS 
Calculation of Fixed Carbon and B.t.u. 


10. (a) For classification of coal according to rank, fixed carbon 
and B.t.u. shall be calculated to the mineral-matter-free basis in 
accordance with either the Parr formulas‘ (1), (2) and (3) or the 
approximation formulas (4), (5) and (6) given below. In case of 
litigation the appropriate Parr formula shall be used. oe 
1933 Book of A.S.T.M. Standards, Part II, p. 269. 
- *A.C, Fieldner, W. A. Selvig and W. H. Frederic, “Accelerated Laboratory Test for Determination 
” Slacking Characteristics of Coal,”’ U. S. Bureau of Mines Report of Investigations No. 3055 (1930), 


* Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 457 (1934). 


SS. W. Parr, “The Classification of Coal,” Bulletin No. 180, Engineering Experiment Station, 
versity of Illinois (1928). 
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852 SPECIFICATIONS FOR CLASSIFICATION OF COALS BY RANK 


Calculation from ‘‘moist”’ basis: 
Parr Formulas: 


F.C. — 0.158 
100 — (M + 1.08A + 0.558) 


Dry, Mm-free V.M. = 100 — Dry, Mm-free 
Moist, Mm-free B.t.u. = 3 
100 — (1.08A + 0.558) 
Note.—The above formula for fixed carbon is derived from the Parr formula samp 
for volatile matter. of Mi 
Suita 
A pproximation Formulas: . 
OLU 

in wh 

Dry, Mm-free F.C. = 
ba 100 — (M + 1.1A +-0.15) * be us 
repre: 
Dry, Mm-free V.M. = 100 — Dry, Mm-free F.C....................008: from 
B.t.u. senta 
Moist, Mm-free B.t.u. = ~ ] 
100 — (1.1A + 0.1S) cat 
where: 
Mm = mineral matter; of fin 
B.t.u. = British thermal units; ingto 
F.C. = percentage of fixed carbon; helen 
V.M. = percentage of volatile matter; gave 
M = percentage of moisture; the U 
A = percentage of ash; Labor 
S = percentage of sulfur; of cos 
Moist refers to coal containing its natural bed moisture, but n y, 
ena: visible water on the surface of the coal. See Sec there 
a tion 5 (d) and (e) and Section 6 (b) above. adopt 
ip 
Modification for Coals High in Materi 
Carbonate 
esting 
(b) In case of controversy, samples containing more than 1.0 wt 
per cent of carbon dioxide occurring as carbonates shall be eithe re 
(1) crushed to pass through an 840-micron (No. 20) sieve and floated the Uni 


on a heavy liquid of such specific gravity as to reduce the carbon 
dioxide occurring as carbonate to 1.0 per cent or less on a dry basis 
provided, however, that the recovery of float coal shall not be les 
than 75 per cent; or (2) shall be analyzed for mineral matter accord 
ing to the Parr method! for coals with high calcium carbonate conten! 
In case of litigation, method (1) shall be used. 


1S. W. Parr, “Chemical Study of Illinois Coal,” Illinois Coal Mining Investigations, >4* 
Geological Survey, Urbana, IIl., Bulletin No. 3, p. 35 (1916). 
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APPENDIX 


PUBLISHED ANALYSES SUITABLE FOR COAL CLASSIFICATION 


Only such published analyses as have been made in accordance with the 
standard methods of the American Society for Testing Materials shall be 
ysed in the classification of coal; and if classification is on the basis of moist 
B.t.u., then only those samples which have been taken and transported to the 
laboratory in such a manner as to preserve the true moisture content of the 
wal shall be used. In general, the principal sources of published analyses of 
samples suitable for coal classification are the publications of the U. 5S. Bureau 
of Mines, the U. S. Geological Survey, and the Canadian Department of Mines. 
Suitable analyses are published also by some of the State Surveys and some 
of the Provinces of Canada. However, it must be kept in mind that many 
of the bed sample analyses of the governmental organizations are from prospects 
in which the coal may have been altered by exposure. Such samples shall not 
be used for classification. Analyses published prior to 1904 are unlikely to 
represent the true moisture content of coal, and even after this date, analyses 
from sources other than governmental laboratories are not likely to be repre- 
sentative with respect to moisture. 

In view of the importance of the fixed carbon determination in coal classi- 
fication, special attention is called to the 1913 revision in this method by the 
American Chemical Society.!. The new.revision was substantially the same as 
that introduced by the U. S. Bureau of Mines? a few years earlier, as a result 
of finding large discrepancies between results of the Pittsburgh, Pa., and Wash- 
ington, D. C., laboratories. A considerable number of analyses were made 
before it was discovered that the natural-gas burners at the Pittsburgh laboratory 
gave high results for fixed carbon.? For this reason, the fixed carbon results of 
the U. S$. Geological Survey or U. S. Bureau of Mines analyses designated by 
Laboratory Nos. 5147 to 9120, inclusive, shall not be used for the classification 
f coal. 

All analyses made by any laboratory prior to 1913 should be rejected unless 

e is positive evidence that the methods of analysis were essentially those 

lopted by the American Society for Testing Materials in 1913. 


‘Preliminary Report of the Committee on Coal Analysis of the American Society for Testing 
Hat tials and the American Chemical Society, Journal of Industrial and Engineering Chemistry, 
. 5, p. 517 (1913); see also Report of Subcommittee IV on Volatile Matter, Proceedings, Am. Soc. 
ng Mats., Vol. XIV, Part I, p. 424 (1914). 
A. C. Fieldner, ** Notes on the Sampling and Analysis of Coal," U. S. Bureau of Mines Technical 
aper No. 76, p. 16 (1914). 
: N, W. Lord, J. A. Holmes, F. M. Stanton, A. C. Fieldner and S. Sanford, “Analyses of Coals in 
t United States,” U. S. Bureau of Mines Bulletin No. 22, Part I, p. 28 (1913). 
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TENTATIVE METHOD OF TEST _ 
FOR 
GRINDABILITY OF COAL BY THE BALL-MILL METHOD! 
A.S.T.M. Designation: D 408-35 T 
This is a Tentative Standard and under the Regulations of the Society is subject t 


annual revision. Suggestions for revision should be addressed to the Headquarters of t 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1935. _ 


Scope 


1. This method describes a laboratory procedure for estimating tl 
grindability of coal.2 Briefly, the relative amounts of energy necessary t 
pulverize different coals is determined by placing a sample of coal in a ba 
mill and finding the number of revolutions required to grind it so that 
80 per cent of the sample passes a 74-micron (No. 200) A.S.T.M. sieve. 


Apparatus 
2. The apparatus for the grindability test shall consist of the following 


(a) Ball Mill—A cylindrical steel mill 8 in. in length and 8} in. 


diameter, inside dimensions, and } in. in thickness shall be used. Thr 
steel lifters, each 34; in. square and 8 in. in length, shall be riveted long 
tudinally at 120-deg. intervals to the inside wall of the mill. They sh 
be so fastened that no space is left between the wall and the lifters. 1 
lid shall be fitted to the mill by means of a rubber gasket and held secur 
in place by the yoke and crossbar arrangement ordinarily employed wit 
laboratory porcelain jar mills. A suitable mill can be made of a sectio! 


of ordinary 8-in. water pipe with a bottom and lid of }-in. steel plate. Thi 


bottom may be welded to the pipe section. 


(b) Ball Charge-—The charge for the mill shall consist of 100 steel ba! 


bearings, each 1 in. in diameter. 


Note.—Ball bearings are specified because they are of uniform diameters and smo l 
polished, 


(c) Rotation of Mill.—The mill shall be rotated in a horizontal positio! 
- about its cylindrical axis at 40 r.p.m. The jar-mill frame used for pulvett 


1 Under the standardization procedure of the Society, this method is under the jurisdiction of the A 
Committee D-5 on Coal and Coke. a 

2 For information concerning the experimental work on which this method is based, see, the P 
H. F. Yancey, O. L. Furse and R. A. Blackburn, “‘Estimation of the Grindability of Coal, Transé 
Am. Inst. Mining and Metallurgical Engrs., Vol. 108, p. 267 (1934). 
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ing coal samples for analysis is suitable for this purpose. A revolution- 
counter shall be used to show the number of revolutions of the mill. : 
(d) Sieves.—The following sieves will be required: 1680-micron (No. 
12), 10 in. or more in diameter; and a 74-micron (No. 200), 10 in. in diam- 
eter. The sieves shall conform to the requirements of the Standard Speci- 
fcations for Sieves for Testing Purposes (A.S.T.M. Designation: E 11) of 


the American Society for Testing Materials.' 
Gross Sample 


3. A representative gross sample of coal shall be collected and prepared 
in accordance with the Standard Method of Sampling Coal (A.S.T.M. 
Designation: D 21) of the American Society for Testing Materials. 
Approximately 10 lb. of coal crushed to pass a 4760-micron (No. 4) 
sieve shall constitute the laboratory sample. _ 


Preparation of Sample 


4. The 10-lb. laboratory sample shall be treated by a graded roll 
crushing procedure* in order to minimize the production of fine sizes of 
coal. First, the 10-lb. lot shall be passed in a thin stream through a 
laboratory-type double-roll crusher set with a spacing of } in. between 
the rolls. ‘The sample shall then be divided into two equal parts by riffling 
and one part discarded. The remaining 5-lb. portion shall then be screened 
on the 1680-micron (No. 12) sieve and the oversize passed through the rolls 
with a spacing between the rolls set at ;3; in. The product of the crushing 
operation shall be again screened on the 1680-micron (No. 12) sieve and 
the undersize combined with that previously obtained. The oversize now 
remaining on the 1680-micron (No. 12) sieve shall be further reduced in 
size by successions of crushing with the clearance between the rolls set at 3, 
is, and 3; in., respectively. Material finer than the 1680-micron (No. 12) 
sieve shall be removed after each crushing and only the oversize shall be 
crushed at the next closer roll setting. The 5-lb. lot shall then be thoroughly 
mixed and divided into two equal parts by riffling; one part being set 
aside as a reserve sample. ‘The other part shall be air-dried at room tem- 
perature to constant weight and then screened on the 74-micron (No. 200) 
‘léve to remove the undersize, which shall be discarded. 


Test Procedure 


_ 5. A 500-g. sample of the air-dried product sized between the 1680- 
micron (No. 12) and 74-micron (No. 200) sieves shall be obtained by riffling. 
The charge of 100 balls shall be placed in the mill and the 500-g. sample 
‘dded. Then the mill shall be closed and rotated at 40 r.p.m. for 50 revolu- 


1 
mae aot of A.S.T.M. Standards, Part II, p. 1244. 


n, < E. Baltzer and H. P. Hudson, “*A Method for Rating the Grindability or Pulverizability of Coal, 
D me by the Fuel Research Laboratories (F.R.L.), Department of Mines, Canada,” Report No. 737-1, 
vartment of Mines, Mines Branch, Canada (1933). 
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856 METHOD OF TEST FOR GRINDABILITY OF COAL 


tions. The contents of the mill shall then be poured onto a sieve coars 

enough to retain the balls but not the coal. The mill and balls shall } 

brushed to remove the coal and the product shall be screened on the 74 

micron (No. 200) sieve until not more than 0.5 g. passes in 1 min. of scree 

ing. ‘The undersize shall then be weighed and the number of revolutions 
required to increase its weight to 50 g. shall be calculated by direct propor- 

tion. ‘This number of revolutions constitutes a ‘‘cycle.” Both the oversize 

and the undersize shall be returned to the mill and it shall be rotated for 

the additional number of revolutions required to complete the cycle 

Again the mill shall be removed from the frame and the contents screened 

on the 74-micron (No. 200) sieve as before. The undersize product including This 
the loss, which usually ranges from 1 to 3 g. and is assumed to belong to “4! re 
the undersize, should weigh between 45 and 55 g. ‘These operations com meaty, 
prise the first cycle. For the second cycle the oversize only shall be returned 
to the mill and ground for the number of revolutions previously found 
necessary to give approximately 10 per cent of undersize. ‘The material 
finer than the 74-micron (No. 200) sieve shall be removed as before. The 
same procedure of alternate milling of the oversize and removal of the 
undersize shall be continued with the same number of revolutions per cycle 
until at least 80 per cent or 400 g. of the original sample passes the 74- 
micron (No. 200) sieve. The endpoint of the test shall be considered as the 
number of revolutions required to grind exactly 80 per cent of the sample. ff Ayparaty 
This exact number of revolutions shall be determined by interpolation. 7! 
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7. Duplicate tests made in the same laboratory shall agree aa 50 Bi made ex 


revolutions. (6) 
a 16), 590. 
Expression of Results micron ( 


8. The average number of revolutions necessary to grind the sample § \,, 32: 
so that 80 per cent of it passes the 74-micron (No. 200) sieve shall be Bh Scifica 
expressed in the following two ways: {the A 


Grindability, Ib. per hr. = (¢) 


6. Duplicate tests shall be made. In the second test the preliminary 
step taken in the first test to determine the number of revolutions necessary 
to give 45 to 55 g. of undersize shall be omitted. The number of revolutions 
per cycle shall be the same in both tests. 


Average number of revolutions - able, alt 
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TENTATIVE METHOD OF TEST 


ize BCRINDABILITY OF COAL BY THE HARDGROVE-MACHINE 
for METHOD! 


cle. 
ned A.S.T.M. Designation: D409-35T 
Ing This is a Tentative Standard and under the Regulations of the Society is subject to 
to conual revision. Suggestions for revision should be addressed to the Headquarters of the 
‘iety, 260 S. Broad St., Philadelphia, Pa. 
ym- 
IssuED, 1935. 

0} 
ind pe 


1. This method? is used to determine the relative grindability or ease 


“9 i pulverizing of coals in comparison with a coal chosen as 100 grindability. 
the & !temethod is based on Rittinger’s Law, which states: “The work done in 
wlverizing is proportional to the new surface produced.” A prepared 
74. § wmple receives a definite amount of grinding energy in a miniature pul- 
the “ter and the new surface is determined by sieving. 
ple. Apparatus 
2. The apparatus for the grindability test shall consist of the following: | 
(a) Grindability Machine.—A grindability machine such as is shown in 
ary U% Lis required for this test. The eight 1-in. balls roll on a stationary 
ary sand are driven from above by a rotating ring. The action of the rolling 
‘ons “lS causes an increase in the surface of the sample being tested. A defi- 
‘ite pressure of 64 Ib. on the balls is obtained by the weights, shaft. top 
minding ring and gear. A predetermining counter is used to stop the motu¢ 
‘utomatically as soon as the vertical shaft of the grindability machine has 
n 50 "ade exactly 60 revolutions. 
b) Sieves.—The following sieves will be required: 1190-micron (No. 
590-micron (No. 30), 250-micron (No. 60), 149-micron (No. 100), 105- 
™ ron (No. 1 40), 74-micron (No. 200), 62-micron (No. 230), and 44-micron 
be Ws. 325). The sieves shall conform to the requirements of the Standard 


llications for Sieves for Testing Purposes (A.S.T.M. Designation: E 11) 
the American Society for Testing Materials. 

| Mechanical Sieving Device—A mechanical sieving device is desir- 

though not necessary. If a mechanical sieving device is not avail- 


| 
a the Standardization procedure of the Society, this method is under the jurisdiction of the A.S.T.M. 


ee D-5 on Coal and Coke. 
sregmation concerning the experimental work on which this method is based, see paper by R. M. 
:'B ndability of Coal," Transactions, Am. Soc. Mechanical Engrs., Vol. 54, F.S.P., p. 37 (1932). 

ook of A.S.T.M. Standards, Part IT, p. 1244. 
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able, it will be necessary to give the sample an equivalent amount of hand 
jeving. 

(d) Balance.—A triple beam balance having a sensitivity of 1 cg., and 
vith which weighings from 1 cg. to 111 g. can be made, is well adapted for 
this test. However, a torsion or trip balance with suitable pan, and of the 
specified sensitivity may be used. Greater sensitivity than 1 cg. is not 
necessary for this test. 

(e) Laboratory Crusher.—The sizing of the sample to be placed in the 
sindability machine shall be such that it will pass the 1190-micron (No. 
16) sieve, and remain on the 590-micron (No. 30) sieve. In order to break 
up the coarser particles of the sample being prepared for test, a laboratory 
crusher or a coffee mill will be found desirable. The use of such a device 

| allows the reduction of the coarser particles without the production of 
excess fine material. 


Gross Sample 

3. A representative gross sample of coal shall be collected and prepared : 
in accordance with the Standard Method of Sampling Coal (A.S.T.M. ; 
Designation: D 21) of the American Society for Testing Materials.' _ 7 


Preparation of Sample 


4. An air drier and a riffle sampler, as described in Section 1 (a) and (h), 
respectively, of the Standard Methods of Laboratory Sampling and Analysis | 
of Coal and Coke (A.S.T.M. Designation: D 271) of the American Society __ 
ior Testing Materials,? or equivalent are desirable in preparing the sample. — 

he laboratory sample, after air drying until the loss in weight is not more 
n 0.1 per cent per hour, shall be placed on the 1190-micron (No. 16) | 
ve nested with a 590-micron (No. 30) sieve and bottom pan. ‘The sieves — 
ll be shaken by a mechanical sieving machine for approximately 2 min., | 
'given an equivalent amount of hand sieving. The material remaining on 
1190-micron (No. 16) sieve shall be put into a laboratory crusher or a — 

é mill in which the set screw has been adjusted so that the coarsest | 

tticles are broken up. ‘The sample after passing through the laboratory 

‘usher or coffee mill shall be returned to the 1190-micron (No. 16) sieve 

‘the nest of sieves and again shaken by the mechanical sieving machine 

‘hand sieved. This operation shall be repeated several times until the 
ure sample has passed through the 1190-micron (No. 16) sieve. The 
terial remaining on the 590-micron (No. 30) sieve shall then be shaken 
thoroughly remove any material smaller than this size. All material 
ing the 590-micron (No. 30) sieve shall be discarded. By using this’ 
hod of preparing the sample, a minimum of fines is produced. 

m oF fines 


1933 Boo 
Ihid., p. 2 


at A.S.T.M. Standards, Part IT, p. 318. 
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Operation of Grindability Machine 
5. The predetermined counter shall be set so that the machine yi] 
automatically stop after 60 revolutions have been completed. ‘To insure 
stoppage of the machine within one quarter of one revolution, two trippers 
are furnished. One tripper is fixed, and the other may be set to correspond 
with the coasting of the machine after the switch is opened. Therefore, 
the number of counts on the counter will be 120, or just twice the number 
of revolutions made by the machine. The grinding elements shall be thor- 
oughly cleaned by brushing before the sample to be tested is added. The 
eight 1-in. diameter balls shall be placed in the bottom of the lower grinding 
element and 50 g. of the prepared No. 16 to No. 30 size sample shall be dis- 
tributed evenly over the balls. Any material falling on the elevated section 
of the lower grinding element shall be brushed toward the balls. The 
upper grinding element shall then be placed on the balls and the lower 
end of the shaft shall be fitted to the square opening in the disk and the 
grinding elements securely fastened in place by two thumb screws on the 
sides of the lower grinding element. Care shall be taken to pull the bow! 
up evenly with the thumb screws. The set screw on the collar which 
supports the driving gears shall always be kept tight, otherwise the weights 
will rest on the frame and there will be no pressure on the balls. The pri 
determining counter shall be set to zero, and the starting switch clos 
After the machine has been automatically stopped, the sample shall b 
transferred to the 590-micron (No. 30) sieve of the nest of sieves. TI! 
sieves used and the order in which they are nested shall be as follows: 
SIEVE 
250-micron (No. 60) 
149-micron (No. 100) 
105-micron (No. 140) 
74-micron (No. 200) 
62-micron (No. 230) 
44-micron (No. 325) 
Sieving 
6. The nest of sieves shall be shaken by a mechanical sieving machine 
for 10 min., or given an equivalent amount of hand sieving. ‘The sieves 
shall then be separated and the underside of each carefully brushed (No! 
while holding the sieve in an inclined position in such a way that any pa! 
ticles removed by brushing fall on the sieve beneath, thus keeping the loss 
of any portion of the sample at a minimum. The sample shall then b 
shaken by the mechanical sieving machine for 5 min. more or given 
equivalent amount of hand sieving, after which the brushing of the unde! 
side of each sieve shall be repeated. After an additional 5 min. of siewin! 
the material is ready for weighing. A total of 20 min. of mechan! 
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jeving, or an equivalent amount of hand sieving, should result in compara- 
tively clean sieves. 


Note.—A 1-in. bristle brush is satisfactory for brushing the underside of the wire cloth. 


Weighing the Sample 


7. Coals having a high residual moisture content (this is especially 
true of lignites) lose some of their residual moisture when in a pulverized - 
condition. For this reason rapid and fairly accurate weighing is essential. 
Accumulative weighing is used to weigh the screened portion to eliminate 
the necessity of cleaning the pan after weighing the contents of each sieve. 
The material remaining on the 590-micron (No. 30) sieve shall be trans- 
ferred to the balance pan and weighed to within 0.1 g. and the weight 
recorded. ‘The contents of the 250-micron (No. 60) sieve shall be added 
to the material on the balance pan and weighed, and the weight recorded. 
The contents of each succeeding sieve shall be thus weighed accumulatively. 
The weight of material between any two screens may be determined by 
subtraction. ‘The amount of material passing the 44-micron (No. 325) 
deve shall be taken as the difference between the original weight of the 
sample taken and the accumulated weight of the material retained on 
sieves Nos. 16, 30, 60, 100, 140, 200, 230, and 325. 


Calculation of Results 


8. After weighing the sieved portions of the pulverized sample, it is 
iecessary to determine the surface units produced in order to obtain the 
srindability of the material. A typical calculation is as follows: 


DESIGNATION GRAMS OF 
. S. STANDARD MATERIAL SURFACE FINAL 
SIEVE SERIES BETWEEN THE UNIT SURBACE 
NUMBER Two Sreves Factor® Units 
1.35 9.3 
2.86 49. 
6.02 38. 
9.45 30.3 
13.4 29. 
17.7 24. 
sieves 219, 
Note 


v4 pat- ‘The surface unit factor is obtained as follows: 


1€ loss Surface Unit Factor = 


Y2 
en be 


en al Yiand Y2 = the openings of the two screens expresse ed in microns. 


§ we my" a ‘surface units” are equivalent to specific surfé ace in square centimeters per gram with 
gravity of 1 


ynder- { material" A better way of defining surface units is ‘square centimeter per cubic centimeter of 
eving, 
anica! 
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METHOD oF TEST FOR GRINDABILITY OF COAL 


Final surface units of sample 
Original surface units 


New surface units of 100 grindability samples = 656 


New surface units produced os 
New surface units of 100 grindability coal 656 


“ The 100 grindability coal is a low volatile run-of-mine coal from the Jerome Mine, Upper Kitta 
bed, Somerset County, Pa. Due to the variations in sieves within the specified tolerance, it is desira 


determine the new surface produced by the 100 grindability coal each time a new set of sieves is placed in ser 


Grindability = 


Permissible Variations 
9. The permissible variation between two or more determinations sha 
not exceed the values as specified below: 
Per Cent 


Same laboratory 
Different laboratories 


297-m 
deves 
Purpe 
Testir 


Time « 
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FOR 
SCREEN ANALYSIS OF COAL! 
A.S.T.M. Designation: D 410-35 T 
This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 
IssuED, 1935. 


wa E METHOD OF TEST 


Scope 
1. This method shall apply to all coal except anthracite, powdered 
wal as used in boiler plants, and crushed coal as charged into coke ovens. 


APPARATUS 
Screens 


2. Screens of the following series shall be used: 

(a) Gage Rings or Plates——Gage rings or gage plates with 8, 6, and 
jin. diameter openings. ‘The actual diameters of openings shall not vary 
from the nominal diameters more than +3 per cent. 


(b) Round-Hole Screens.—Round-hole screens with 4, 3, 23, 2, 14, E 


|, 7, 3, and 3-in. diameter openings, conforming to the Standard Specifi- 
cations for Round-Hole Screens for Testing Purposes (A.S.T.M. Designa- 
tion: E 17) of the American Society for Testing Materials.? 

¢) Sieves.—Wire-cloth sieves with square openings, 4760-micron (No. — 
+), 2380-micron (No. 8), 1190-micron (No. 16), 590-micron (No. 30), — 
7-micron (No. 50), 149-micron (No. 100), and 74-micron (No. 200) 
‘eves, conforming to the Standard Specifications for Sieves for Testing 
Purposes (A.S.T.M. Designation: E 11) of the American Society for 
Testing Materials. 


SAMPLING 
TimeofSampling 
3. The coal shall be sampled when it is being loaded into or unloaded 
tom railroad cars, ships, barges, or wagons, or when discharged from 
‘upply bins, or from industrial railway cars, or grab buckets, or from any 
‘“al-conveying equipment, as the case may be. It is not feasible to collect 
presentative samples for screen analysis from the surface of coal in piles 
t irom loaded cars or bins. 


. Under the standardization procedure of the Society, this method is under the jurisdiction of the A.S.T.M. 
ittee D-5 on Coal and Coke 


"1933 Book ‘ 
Standards, Part II, p. 1242. 
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864 oF TEST FOR SCREEN ANALYSIS OF 
Collection of Gross Sample 
4. Increments shall be regularly and systematically collected, so that 

the entire quantity of coal sampled will be represented proportionately in 

- the gross sample, and with such frequency that a gross sample of the 
required amount shall be collected. ‘The number of increments collected 
shall be not less than 20. When the coal is passing over a conveyor or 
down a chute, increments the full width and thickness of the stream of 
coal shall be taken either by stopping the conveyor and removing all coal 
from a transverse section of it or by momentarily inserting a suitable 
container into the stream. If it is impracticable to collect increments 
the full width and thickness of the coal stream, increments shall be 
systematically collected from all portions of the stream. 


Weight of Gross Sample 
5. The weight of the gross sample collected shall conform to the 
following: 


Screened coal with upper limit larger than 4-in. round .not less than 4000 Ib. 
Coal smaller than 4-in. round... ............ccccc0e0. not less than 2000 lb. 
Coal smaller than l-in. round....................c0- not less than 500 lb. 
Coal smaller than 4-in. round..... not less than 100 lb. 


Reduction of Gross Sample 

6. Reduction of the quantity of the gross sample shall conform t 
the following: 

(a) Coal Larger than 1-in. Round.—Coal larger than 1-in. round shall 
be screened without mixing or reducing. 

(b) Coal Smaller than 1-in. Round.—Coal smaller than 1-in. row 
may be reduced in amount to not less than 125 lb. by riffling or by arranging 
it in a long, flat pile and successively halving it or quartering it by the 
alternate-shovel method as follows: Take successive shovelfuls in passilg 
around the pile (advancing a distance equal to the width of the shovel 
for each shovelful), and retain alternate shovelfuls or every fourth shovelfu 
for the sample. 

(c) Coal Smaller than 3-in. Round.—Coal smaller than }-in. round 
may be reduced to not less than 25 lb. by passing it through a rifile 
equally accurate reducing device, or by hand-quartering as described in 
the Standard Method of Sampling Coal (A.S.T.M. Designation: D 2! 
of the American Society for Testing Materials.! 

(2) Coal Smaller than No. 4 Sieve.—Coal smaller than the No. 4 sievé 
may be reduced to not less than 2 lb. by riffling or hand-quartering. 

(e) Coal Smaller than No. 8 Sieve-—Coal smaller than the No. 8 sieve 
may be reduced to not less than 1 Ib. by riffling or hand-quartering. 

1 1933 Book of A.S.T.M. Standards, Part II, p. 318. 
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_A.S.T.M. DEsIGNATION: D 410-35 T 


PROCEDURE 
Drying Sample 
7. In case the coal is wet, the sample may be tested on screens 1-in. 
round and larger without drying, but the sample of coal smaller than. 
in. round (reduced in amount to 125 lb., as described in Section 6 (0), shall 
be dried sufficiently to remove surface moisture which causes small particles 
to cling to the larger pieces. In cases of lignite, subbituminous, and high 
able | volatile C bituminous coals, care shall be observed not to over dry and cause 
ents weathering of the coal. 


1 be 
Screen Analysis 
8. The sample shall be accurately weighed before screening. - Starting 


with the largest gage-ring or screen, the sample shall be screened in such | 
increments as will allow the pieces to be in direct contact with the openings 
at the completion of the screening of each increment. The smallest screen 
through which all the sample passes shall be determined by actual test, in 

accordance with the following Paragraphs (a) to (c): 

(a) Coal Larger than 2}-in. Round.—Pieces of coal not passing readily 
through screens 2}-in. round and larger shall be tried by hand to see if they 
will pass through the openings in any position. Screens 2}-in. round and 
larger shall not be shaken except for whatever jiggling may be necessary 


) clear the screens of fine coal 

b) Coal Smaller than 2}-in. Round.—Coal passing the 2}-in. ound 
screen shall be tested with screens down to and including 1-in. round as’ 
tollows: ‘The screen shall be moved horizontally a distance of about 8 in. 


ount @ 4tiust sufficient rate to cause the pieces of coal to tumble or roll on the 

nging ren. The motion of the screen shall be stopped without impact. After 
(0 such shakes (5 in each direction), screening of the increment shall be 

nsidered complete. 

¢) Coal Smaller than 1-in. Round.—Coal passing the 1-in. round and 

‘maller screens may be weighed and then reduced in amount as provided 

Section 6 and then shall be dried as provided in Section 7. Screens smaller | 

han 1-in. round shall be shaken gently with a reciprocating horizontal 
otion until practically no more coal will pass through the openings. 
‘hen both No. 100 and No. 200 sieves are used, the latter shall be used 


tin order to facilitate screening. 
Report 


9. (2) The screen analysis results shall be reported to the nearest 


0.1 per cent as follows: 


865 
\ 
| 
: 
tne 
m ty 
: 
it 
sieve 
sieve 


Retained on in. round : 
Retained on in. round, passing 


Retained on No. ............ , passing 
Retained on No. ...........- 


(b) If the sum of the weights shows a loss of over 2 per cent, the 
analysis shall be rejected and another test made. 
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TENTATIVE DEFINITIONS OF THE TERMS GROSS 
CALORIFIC VALUE AND NET CALORIFIC 
VALUE OF FUELS! 


A.S.T.M. Designation: D 407 - 35 T ae 
This is a Tentative Standard and under the Regulations of the Society is subject to 

snnual revision. Suggestions for revision should be addressed to the Headquarters of the 

Society, 260 S. Broad St., Philadelphia, Pa. 


ISSUED, 1935. 


bross Calorific Value, H,.—In the case of solid fuels and liquid fuels of low 
volatility, the heat produced by combustion of unit quantity, at 


constant volume, in an oxygen bomb calorimeter under specified 
conditions. 


Note.—The conditions are initial oxygen pressure of 20 to 40 atmospheres, final 
temperature of 68 to 95 F. (20 to 35 C.), products in form of ash, liquid water, and gaseous 
, SO, and nitrogen. This definition is not applied to gaseous or highly volatile liquid 


d Calorific Value, H;.—In the case of solid fuels and liquid fuels of low 
volatility, a lower value calculated from the gross calorific value as 
the heat produced by combustion of unit quantity, at constant at- 
mospheric pressure, under conditions such that all water in the prod- — 7 
ucts remains in the.form of vapor. 


\otE.—The net calorific value is calculated from the gross calorific value by making 
iction of 1020 B.t.u. per Ib. (567 cal. per g.) of water derived from unit quantity of 
neluding both the water originally present as moisture and that formed by com- 
n. The deduction is not equal to the latent heat of vaporization of water (1050 
per Ib. at 75 F. (24 C.)) because the calculation is made to reduce from gross value 


ww to net value at constant pressure, for which the correct factor is 1020 
per Ib. 


inder the standardization procedure of the Society, these definitions are under the jurisdiction of the 
M. Committee D-5 on Coal and Coke. 
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TENTATIVE SPECIFICATIONS 
FOR 


TIMBER PILES! 
A.S.T.M. Designation: D 25-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Head- 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED AS TENTATIVE, 1915; ADOPTED, 1920; REISSUED AS TENTATIVE IN AMENDED 
Form, 1930; REVISED, 1934, 1935. 

Scope 

1. These specifications cover requirements for round timber piles 
to be used untreated, or treated by standard preservatives. Where 
sawed timber is used as piling, such as heavy sheet piles, appropriate 
specifications should be selected from the Standard Specifications for 
Structural Wood Joist and Planks, Beams and Stringers, and Posts 
and Timbers (A.S.T.M. Designation: D 245) of the American Society 
for Testing Materials.? 
Kinds of Wood 


2. (a) The purchaser shall specify the kind or kinds of wood he 
desires to use, and shall designate the kinds he desires for preservative 
treatment. Commonly used species are cedars, chestnut, cypress, 
Douglas fir, larch, oaks, pines, spruces, and tamarack. 

(b) Piles of different kinds of wood shall be delivered in separate 
lots. 


Use Classification 


3. Timber piles are classified in these specifications under three 
general divisions according to the use intended, as follows: 

(a) Class A.—Class A piles are suitable for use in heavy railway 
bridges and trestles. The minimum diameter of butt assumes the 
use of load-bearing timber caps 14 in. in width. 

(b) Class B.—Class B piles are suitable for use in docks, wharves, 
highway work and general construction. The minimum diameter of 
butt assumes the use of load-bearing timber caps 12 in. in width. 


1 Under the standardization procedure of the Society, these specifications are under the juris- 
diction of the A.S.T.M. Committee D-7 on Timber. 

These specifications are in effect a revision of the former Standard Specifications for Souther 
Yellow-Pine Piles and Poles to be Creosoted (A.S.T.M. Designation: D 25 - 20), which standard was 
accordingly discontinued in 1930. 

21933 Book of A.S.T.M. Standards, Part II, p. 347. 
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AS.T.M. DESIGNATION: D 25-35 T 
W hen timber caps are not used, as in the case of piles under masonry 
foundations, the sizes given for Class C piles are recommended. 
(c) Class C.—Class C piles are suitable for use in foundations 
which will always be completely submerged, for coffer- -dams, false- 
work, and sundry temporary work. 


General Quality Class A and Class B Piles 


4. Except as hereinafter provided, Class A and Class B piles shall 
be free from any defects which may impair their strength or durability 
as piling, such as decay, red heart, splits in piles to be treated, or 
splits lon ger than the measured butt diameter of piles not to be treated, 
twist of grain exceeding one-half of the circumference in any 20 ft. of 
length, unsound knots, numerous knots or holes, or shake more than 
one- ‘third of the diameter of the pile. Piles which have been scored 
for turpentine shall be accepted, provided such scar does not exceed 
36 in., and provided the scoring is of recent date showing the scar to 
be entirely sound and free from insect damage. a 
Knots 


5. Sound knots will be permitted in Class A and Class B piles, 
provided they are not in clusters. The diameter of a sound knot shall 
not be greater than one-third of the minimum diameter of the pile at 
the section where it occurs, and shall not exceed 4 in. for piles 50 ft. 
and under in length. For piles over 50 ft. in length, knots between 
the section at mid-length and the butt shall conform to the limitation 
prescribed for piling under 50 ft. Between mid-length and the tip, 
single knots up to 5 in. in diameter will be permitted, provided they 
do not exceed one-half the minimum diameter of the pile at the section 
where they occur. The diameter of a knot shall be measured at t right 
angles to the length of the pile. 


General Requirements 


6. (a) Sound Timber.—Class A and Class B piles shall be cut from 
sound, live trees, except that fire-killed, blight-killed, or wind-felled 
timber may be used if not attacked by decay or insects. Piles shall be 
cut above the ground swell. 

(b) Tip.—The tip shall be sound. 

(c) Bult End—The butt end shall be sound except in cedar 
piles, which may have a pipe or stump rot hole not more than 1} in. 
in diameter. 

(d) Taper—Piles shall have a gradual taper from the point of 
butt measurement to the tip. 

(e) ) Surface Finish —All knots and limbs shall be trimmed or 
smoothly cut flush with the surface of the pile. Butt and tip shall — 
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870 TENTATIVE SPECIFICATIONS FOR TIMBER PILES 


be sawed square with the axis of the pile, or tip may be tapered to a 
point not less than 4 in. in diameter if directed by the engineer in 
charge. 


7. (a) Piles for Use Untreated.—Piles for use without preservative 
treatment shall have as little sapwood as possible, and when used in 
exposed work, the diameter of the heartwood shall not be less than 


eight-tenths of the actual diameter of the pile at the butt. 


TABLE I.—DIAMETERS OF THREE CLASSES OF PILEs. 


Class A and Class B Piles 
(Tnese ditier in sie only.) Class C Piles* 

(These difter from (lasses 
and B in size and quality 


Class A Class B 
Length, ft. 


Diameter Diameter Diameter 

3 ft. from Butt, in. | Minimum] 3 ft. from Butt, in. | Minimum] 3 ft. from Butt, in. | Minim 
Diameter Diameter ‘ Diameter 

of Tip, in. of Tip, in. of Tip, 
Minimum] Maximum Minimum|Maximum Minimum | Maximum 


Fir Sournern Pine 


Under 40. 
40 to 50, inel...... 


29 
20 


71 to 90, inel...... 
Over 90 


20 
20 


1 
1 ‘ 
51 to 70, inel 1 20 
1 4 
1 


Brack Oak, Cuestnut, Cypress, Pin Oak, Post or Burr , , on Oak Pint 


SS) are 10 8 20 8 
30 to 40, inel...... 20 
Over 40 d 7 2 20 6 


Under 30 
30 to 40, inel 
Over 40 


@ In Class C piles a minimum diameter (at cut-off) of 10 in. may be specified for lengths of 20 ft. and under. 
b Where larch, lodgepole or Norway pine, spruce, or tamarack piles are specified, their dimensions shall corresp 
to the requirements shown for Douglas fir and southern pine. 


(b) Piles for Treatment.—Piles for use with preservative treatment 
shall have no sapwood restrictions, but preferably shall contain as 
much sapwood as possible. In southern pine the sapwood thickness 
shall not be less than 1} in. and in Douglas fir and larch not less than 
1 in. on the butt end. 


Peeled Piles 

8. (a) Piles shall be peeled of bark, including the inner skit 
soon after cutting so that the piles are smooth and clean. Care shall 
be taken to remove as little sapwood as possible while peeling the 
bark. The sapwood shall not be injured by unnecessary axe cuts 
These piles shall be designated as piles for treatment. 
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A.S.T.M. DEsIGNATION: D 25-35 T 


(b) No pile shall be considered as thoroughly peeled unless all of 
the rough bark and at least 80 per cent of the inner bark which remains 
on the pile shall have been removed. Inno case shall any piece of inner 
bark be over 3 in. in width or over 8 in. in length, and there shall be 1 
in. of clean wood surface between any two strips of inner bark. 


Diameter 


9. (a) It is recommended that the diameters of piles measured 
under the bark shall conform to the requirements shown in Table I, 
subject to a permissible variation of —} in. in any diameter in not 
more than 25 per cent of the piles of that diameter. ; 

(b) The diameter of a pile in cases where the tree is not exactly 
round shall be determined either by measuring the circumference and 
dividing the number of inches by 3.14, or by taking the average of 
the maximum and minimum diameters at the location specified. 


Length 

10. All piles shall be furnished on order cut to any of the follow- — 
ing lengths: 16 to 40 ft. in multiples of 2 ft., and over 40 ft. in multiples 
of 5 ft. A variation of 6 in. in length shall be allowable, but the 
average length in any shipment shall be equal to, or greater than, 
the specified lengths. The length of each pile shall be legibly marked 
on the butt end with white or black paint. 


Straightness 


11. Piles shall be free from short or reversed bends, and free 
from crooks greater than one-half of the diameter of the pile at the 
middle of the bend. In short bends, the distance from the center of 
the pile to a line stretched from the center of the pile above the bend 
to the center of the pile below the bend shall not exceed 4 per cent of 
the length of the bend, or 2} in. A line drawn from the center of the 
butt end to the center of the tip shall lie within the body of the pile. 


Class C Piles” 


12. Class C piles shall be of sound, live timber that will stand 
driving, and need not be peeled if they are to be used without pre- 
servative treatment. They shall be free from decay and other imper- 
fections such as bad knots and shakes which will materially affect 
their strength. Piles which have been scored for turpentine shall 
be accepted, provided such scar does not exceed 36 in., and provided 
the scoring is of recent date showing the scar to be entirely sound 
and free from insect damage. 
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General Requirements 
: 13. (a) Tip.—The tip shall be sound. 

(b) Taper—Piles shall have a gradual taper from the point of 
butt measurement to the tip. 

(c) Surface Finish—All knots and limbs shall be trimmed or 
smoothly cut flush with the surface of the pile. Butt and tip shall 
be sawed square with the axis of the pile, or tip may be tapered to a 
point not less than 4 in. in diameter if directed by the engineer in 
charge. 


Sapwood 


14. Sapwood requirements shall be identical with those for _ 
Class A and Class B piles as specified in Section 7. : 
Peeled Piles form a 

15. The requirements for peeled piles shall be identical with those Compos 
for Class A and Class B piles as specified in Section 8. —— 2. 
Diameter and ce! 

16. The methods of measurement of diameter and the permissible ng req 
variations in diameter shall be identical with those for Class A and L 
Class B piles as specified in Section 9. The recommended sizes are L 
given in Table I. 7 
Length 

17. The requirements for length shall be identical with those for C 
Class A and Class B piles as specified in Section 10. (6) 
Straightness g the 

18. The requirements relating to straightness shall be identical receiver 
with those for Class A and Class B piles as specified in Section 11. il to f 
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“TENTATIVE SPECIFICATIONS 
FOR 
BLUE LEAD; BASIC SULFATE! 
 A.S.T.M. Designation: D 405-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 


esnual revision. Suggestions for revision should be addressed to the Headquarters of the 7 
seiety, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1935. 
Scope 


1. These specifications cover blue lead, basic sulfate, suitable for — 
we in paints. It may be purchased in the dry form or ground in oil to 
form a paste. 


Composition and Properties = 


2. (a) Dry Pigment.—The pigment shall consist of basic lead sulfate 
aid certain other ingredients, which upon analysis shall meet the follow- 
ing requirements: 

MAXIMUM MINIMUM 

Lead sulfate, per cent ee 45.0 

Lead oxide, per cent ecninia 30.0 

Lead sulfide, per cent 

Lead sulfite, per cent 

Zinc oxide, per cent 

Carbon and undetermined, per cent 

Coarse particles (total residue retained on a No. 325 

sieve’), per cent 1.0 


b) Paste in Oil.—The paste in oil shall be made by thoroughly grind- 
ng the pigment with linseed oil to a paste consistency. The paste as 
tived shall not be caked in the container and shall break up readily in 
to form a smooth paint of brushing consistency. It shall mix readily 
ill proportions without curdling, with linseed oil, turpentine, or volatile 
etroleum spirits or any mixture of these substances. 
The paste shall conform to the following requirements: 


MaxiImMuM Miximum 
89.0 


Number of Tests 


3. One sample shall be taken at random from each lot of 1000 packages 
‘Itaction thereof. If the packages are of such size that 1000 packages 


int to more than a carload, one sample shall be taken at random from 
0 carload. 


ee the standardization procedure of the Society, these specifications are under the jurisdiction of the 

ad 1. Committee D-1 on Preservative Coatings for Structural Materials. 

he of determining coarse particles, sieves 3 in. in diameter are recommended, conforming to the require- 

. the Standard Specifications for Sieves for Testing Purposes (A.S.T.M. Designation: E 11) of the 
an Society for Testing Materials, see 1933 Book of A.S.T.M. Standards, Part II, p. 1244. 
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* ae: 
| 
OF, POF COME... — 
Moisture and other volatile matter, per cent... ssecsscess 0.7 
Coarse particles and skins (total residue retained on a a 
eve’), per cent of the dry pigment.... 1.5 . 
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ee TENTATIVE METHOD OF TEST 
FOR 

COMPARATIVE HIDING POWER OF WHITE PIGMENTS! 

A.S.T.M. Designation: D 406-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1935. 


Scope 
1. This method is intended for determining the hiding power of white 
pigments and is only to be used for a comparison of standard and sample 


_ of the same type of white pigment. 
Hiding Power, Definition 
2. The definition of hiding power as it appears in the Standard 
- Definitions of Terms Relating to Paint Specifications (A.S.T.M. Designa- 
4 tion: D 16) of the American Society for Testing Materials is as follows: 
Hiding Power.—The power of a paint or paint material as used t 
obscure a surface painted with it. 


Nore.—In this definition the word “obscure’’ means to render invisible or t 
up a surface so that it cannot be seen. _—- _ 


Apparatus 
3. ‘The apparatus shall consist of the following: 
(a) Balance.—Regulation laboratory balance, sensitive to at lea 


0.1 g. 
(b) Burette—Standard 1-ml. burette, graduated in 0.1 ml., (stop-coa 
controlled) or the apparatus known as the Brown burette, which consis: 
| of a small burette as just described but with a small reservoir. The tp § 


of all burettes shall be ground optically flat. 
(c) Glass Mullers.—Standard type glass mullers with a grinding fat 
_ of from 2{ to 3 in. in diameter. The face shall be free from blowholes ant 
other imperfections, and kept sharp by lightly grinding with No. Si 
- optical emery or its equivalent and turpentine. The edge should be bevele: 
(d) Rubbing Surface —Lithographers’ stones or ground plate glass slat 
; the surface of which is kept sharp by lightly grinding with No. 303 opt@ 


é 


emery or its equivalent and turpentine. 


1 Under the standardization procedure of the Society, this method is under the jurisdiction of the A.o.! 
Committee D-1 on Preservative Coatings for Structural Materials. 
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(e) Spatula.—A flexible spatula having a 6-in. blade for mixing the 
oil and pigment. 

(f) Paint Brush.—A 1-in. paint brush of good grade. 

(g) Painting Surface.—A fairly smooth impervious surface of annie 
mately 1 sq. ft. composed of alternate gray (approximately 40 per cent 
brightness) and white (approximately 75 per cent brightness) areas. 

(h) Paint Container.—Either a 50-ml. laboratory beaker or a }-pt. 


paint can. 
(i) [llumination—A means of obtaining constant illumination 
eably approximating northern sky light. q 
ect to 
of the Materials 
4. The following materials will be required: 4 
(a) Standard Pigment.—A standard white pigment mutually agreed 
- upon by the seller and purchaser. The specific gravity of the standard 
white , 
ur pigment shall be approximately the same as that of the sample. 
(b) Oil.—Alkali-refined linseed oil, of low acid value, heat bodied 
575 F.(301 C.), approximately 1 hr.) to a viscosity of E to F on the Gardner- 
Holdt scale (sp. gr. approximately 0.94). The oil is used without thinner. d 
ndart Procedure 


- 5. The hiding power of white pigments shall be determined as follows: 


a (a) Weigh accurately the amount of standard white pigment indicated 
- by the following table and measure out the corresponding quantity of oil 
required for mulling: 
WEIGHT oF ADDITIONAL 
OF AMOUNT OIL To 
PIGMENT OF OIL PRODUCE 30 ML. 
uf PER PER OF BRUSHABLE 
SINGLE SINGLE PAINT (TO BE 
MULLING, MULLING, ADDED To 
PIGMENT G. ML. 2 MULLINGs), ML. 
d 35 per cent leaded zinc oxide............... 22.3 4.8 13.0 
op-Co 21.5 6.8 9.0 
tik High strength 15.8 6.8 9.0 
The tif: 15.0 6.8 9.0 
Titanium barium pigment................-. 16.2 6.8 9.0 
Titanium calcium 11.8 6.8 9.0 
ing Titanated 15.8 6.8 9.0 
oles 7.3 9.5 
beveled ) Place the materials on the rubbing slab and work them into a 
ail paste with the spatula. Then rub up the paste with the glass muller, using 
3 opie 4 stroke 3 to 4 in. in width and from 12 to 15 in. in length. In counting 
tubs, one stroke All h 
7 9ke up and one stroke back is considered one rub. Allow the 
ast? rs €r to travel up one side and back the other side, twisting the muller 
the 


ightly at the top and bottom of each half stroke to help work in the 
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pigment. After each 25 rubs with the muller “pick up” the pigment with 
the spatula by scraping the face of the muller and gathering the paste on 
the slab into a daub. Continue the mulling until the paste is given 100 
rubs. ‘Two such quantities of paste are to be produced by mulling. To 
the two paste preparations add the amount of additional oil required for 
brushing consistency as specified in the table in Paragraph (a). Mix this 
oil with the paste by means of the spatula. Then transfer the entire amount 
of paint to the beaker. Weigh the brush and paint. Apply the paint to 
the painting surface in a smooth, uniform film until no difference in bright- 
ness, when viewed normally, can be detected between the gray and white 
areas. Weigh again the sample (beaker, paint and brush). Record the 
difference in weight as a measure of the hiding power of the pigment. 

(c) ‘Treat the sample of pigment to be measured in the same manner 
as the standard. ‘To be satisfactory in hiding power, the number of grams 
of pigment in oil dispersion required by the unknown shall be no more 
than that required by the standard. 
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TENTATIVE METHOD OF TEST 
FOR 
TINTING STRENGTH OF WHITE PIGMENTS OR | 


7 A 


.S.T.M. Designation: D 332 - 35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the He idquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. a 


IssUED, 1931; REVISED, 1934, 1935. 
Scope 

1. This method is intended for determining the tinting strength of 
white pigments or white pigment pastes and is only to be used for a com- 
parison of standard and sample of the same type of white pigment. 


Apparatus 


2. The apparatus shall consist of the following: : 

(a) Balance-—Regulation laboratory balance, sensitive to at least 
1 mg. 

(b) Burettes—Standard 1-ml. burettes, graduated in 0.1 ml., (stop- 
cock controlled) or the apparatus known as the Brown burette, which con- 
sists of a small burette as just described but with a small reservoir. The 
tips of all burettes shall be ground optically flat. 

(c) Glass Mullers.—Standard type glass mullers with a grinding face 
of from 23 to 3 in. in diameter. The face shall be free from blow-holes and 
other imperfections, and kept sharp by lightly grinding with No. 303 optical 
emery or its equivalent and turpentine. ‘The edge should be beveled. 

(d) Rubbing Surface——Lithographers’ stones or ground plate glass 

bs, the surface of which is kept sharp by lightly grinding with No. 303 
optical emery or its equivalent and turpentine. 

(e) Glass or Celluloid Sheets.—Sheets of flat glass or flexible celluloid 
for use in weighing out the oils and pastes. 

(f) Spatula.—A flexible spatula having a 3-in. blade for mixing the oil 
and pigment. 

(g) Scraper.—A French scraper or body glazing scraper for smoothing 
down the color daubs. The scraper shall have a blade that is about 3 or 4 
in. in width with a good straight edge. 

" R, Panels.—Bright tin or clear glass panels for use in observing color 
atches. 


1 
i standardization procedure of the Society, this method is under the jurisdiction of the A.S.T.M. 
tee D-1 on Preservative Coatings for Structural Materials. 
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Materials of tint 
3. The following materials will be required: nullec 
(a) Standard Pigment or Paste——A standard white pigment or white § wtiln 
pigment paste mutually agreed upon by the seller and purchaser. and W 
(b) Tinting Material.—Either ultramarine blue or a very fine, low. § the gla 
strength, uniform black tinting material prepared from finest lampblack § length 
(Note 1). If desired, the tinting material, either ultramarine blue or § me ru 
black, may be prepared in the form of an oil paste (Note 2) ground fine Jf ‘wistir 
and placed in small collapsible tubes. help w 


Nore 1.—It is advisable to prepare such a pigment from the finest lampblack an the pig 
finest precipitated calcium carbonate by intimate mixing of one part of the dry lamp! ing th 
and six parts of the dry calcium carbonate until a uniform mixture is obtained whicl , 
give check results with several duplicate samples of a standard white pigment. paste 1 

Note 2.—Recommended formulas for sucha paste using ultramarine blue are as fol (b 

140 lb. Ultramarine blue 70 Ib. Ultramarine blue 

50 lb. Poppy oil 27 lb. Refined linseed oil same I 
3 lb. Calcium stearate 3 lb. 4-hr. cooked linseed oil (5¢ ment, | 
2 lb. Castilesoap 
3 lb. Turpentine 100 ru 

bright 


(c) Oil.—White refined linseed oil with an acid number of approxi | jn, j 
mately 4. The use of bodied oils or varnish may be essential in some cases. J} pastes 
glass is 
the gla 
(6) 


(a) Weigh accurately 2 g. of the standard white pigment and tl 9 


amount of ultramarine blue or lampblack and measure the amount of | stand 
as indicated in the following table: | ‘ony 


Tinting Strength, White Pigments 
4. The tinting strength of white pigments shall be determined 
follows: 


OF 
AMOUNT tint be 
WEIGHT OF OF OIL, ULTRAMARINE glass 
PIGMENT PIGMENT, G. ML. BLUE Lampst 
White lead 0. 
Zinc oxide 0. 
Zinc oxide (35 per cent leaded) 
Lithopone 
+xtra strength lithopone 
Zinc sulfide 
Titanium barium pigment 
Titanium calcium pigment 
Titanium dioxide 


Calculay 
5. 
follows 


AD 
PNN PNNNNN 


Tinting 


Use sheets of flat glass or flexible celluloid in weighing out the pigment 
oils and pastes. For regular control work, the use of the burette is reco 
mended for measuring the oil used, instead of weighing, because of the 
simplicity, speed and tolerant accuracy of the burette. Be sure to allot 
sufficient time for the burette to drain to its true level. In case of doubt 
or dispute over any tint or in the case of viscous oils, all portions shall | 
weighed. If desired, the tinting material may be added in the form 0) 
paste and in this case the weighed quantity of paste shall have the amou!! 


wher 


Optiona 
6. 

| ‘outine 
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af tinting material specified in the above table, and shall be added to the 
mulled sample on the rubbing slab and thoroughly mixed with the spatula 
until no streaking is noticeable. Place the materials on the rubbing surface 
and work them into a paste with the spatula, then rub up the paste with 
the glass muller, using a stroke 3 to 4 in. in width and from 12 to 15 in. in 
lngth. In counting rubs, one stroke up and one stroke back is considered 
me rub. Allow the muller to travel up one side and back the other side, 
twisting the muller slightly at the top and bottom of each half stroke to 
help work in the pigment. After each 25 rubs with the muller, “pick up” 
the pigment with the spatula by scraping the face of the muller and gather- 
ing the paste on the slab into a daub. Continue the mulling until the 
| paste is given 100 rubs. 

(b) Treat 2 g. of the unknown sample of white pigment in exactly the 
| same manner as prescribed in Paragraph (a) for the standard white pig- 
| ment, using the same amount of tinting material and oil. Give the sample 
100 rubs. Place the unknown and standard samples in juxtaposition on a 
bright tin or clear glass panel. Make the daub of each sample about 
lin. in width and 2 in. in length and draw the scraper lightly over the 
pastes to even off the ridge and so place both daubs on an even plane. If 
glass is used, the rub-outs may be observed either from the top or through 
the glass panel. 

(c) If the unknown sample differs appreciably from the standard 
sample in tint, other pastes of the standard white pigment may be pre- 
pared, using various amounts of the tinting material to give a series of 
standards. The unknown sample of white pigment shall then be com- 
pared with the series of rub-outs of the standard pigment, the quality of 
tnt being judged by placing the rub-outs in juxtaposition on the tin or 
glass panel as in the procedure described in Paragraph (0). 


ite 


ack 


line 


Calculation 

04 5. The tinting strength of the unknown sample shall be calculated as 

g g 

follows: 

= Wt., in grams, of tinting material used with stand- 

: nt; : ard sample to give equality of tint 

08 ‘inting strength of = 
a Wt., in grams, of tinting material used with un-°* 

known sample 

ments, 

recom J Where r = the empirical tinting strength value given to the standard 

of the white pigment. 

allow 

doubt Optional Procedure 

hall be & 6. (a2) The method described in Sections 4 and 5 is satisfactory for - 

m of 2 jp  Uune testing of samples of white pigments of the kind which do not vary 


weatly in tinting strength. Variations in the brightness or consistency of 


_| 
| 
rOxi- 
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the tinted pastes used for matching cause variations in the relative tinting 


_ strength of the samples being tested. When comparing similar pigment: - 
which do not vary greatly in tinting strength, these errors are negligib|: ser 
[ but when comparing pigments which do vary greatly in tinting strength "a 
_ the comparison should best be made with tinted pastes of standard bright. - 
- ness and standard consistency. In the following method all comparison; = 


shall be made with pastes that have a brightness or light reflection of 1 
per cent and equal consistency. 

(b) Weigh accurately 2 g. of the standard white pigment and a suff. 
cient amount of the blue (or black) tinting material to produce a past; 
which will have a 20 per cent light reflection (Note 1) when mixed with 
oil. Place these materials on the rubbing surface and add sufficient oil to 
_ produce a paste of medium consistency (Note 2). Mull the sample « 

described in Section 4 (a) until the paste is given 100 rubs. 


Nore 1.—The light reflection may be measured by the Marten’s photometer or 
suitable instrument or by comparison with a paste known to have the specified light: 
flection. 

Nore 2.—This consistency shall be such that the paste can just be thrown f 
spatula by a gentle whipping motion of the hand or by the tapping of the spatu 
with the index finger. 


(c) Treat 2 g. of the unknown sample of the white pigment in | 
the same manner as described in Paragraph (b) for the standard w 

pigment, using sufficient tinting material to produce a paste which | 
exactly match the standard paste. Use sufficient oil with the unkn 

sample of white pigment to produce a paste having approximately the s 

consistency as the standard paste. Give the sample 100 rubs as descri 

in Section 4 (a). It will be necessary to prepare several 2-g. portions 
the unknown sample of white pigment using various amounts of the tit! 
ing material until the color of the standard paste is exactly match 

Judge the color match as described in Section 4 (0). _ 


Calculation (Optional Procedure) 
7. The tinting strength of the unknown sample shall be calcu 
from the following formula: 
Wt., in grams, of tinting material used with u- 
known sample to give equality of tint yl 
Wt., in grams, of tinting material used with stan¢- 
ard sample 


Tinting strength of pigment = 


where T = the empirical tinting strength value given to the stat 
white pigment. 


Tinting Strength, Pastes 
8. When the sample is in paste form, the tinting g material should : 
preferably be in the form of an oil paste. The weighed quantity of tint: 


« 
| 
1-4 
| P 
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material in paste form shall be added to the wei 

ment paste on the rubbing slab and thorough] 

until no streaking is noticeable. The tinting st 

mined in accordance with th 
calculation made as in Section 5. If desired, 

| Section 6 (c) may be used and the calculation m 

n of 2) 


ghed sample of white pig- 
y mixed with the spatula 
rength shall then be deter- 
€ procedure described in Section 4 (6) and the 


the optional Procedure in 
ade as in Section . 
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TE DS OF TEST 
FOR 


MASS COLOR AND TINTING STRENGTH OF DRY COLOR 
PIGMENTS OR PASTES! 
A.S.T.M. Designation: D 387 — 35 T 
This is a Tentative Standard and under the Regulations of the Society is subject 


to annual revision. Suggestions for revision should be addressed to the Head- 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1934; ReEviseD, 1935. 
Scope 

1. These methods are intended for determining the mass color 
and tinting strength of the materials generally known as dry colors, 
either in the form of dry pigments or in the form of pastes in oil or 
Japan. ‘They do not apply to the white pigments. 

Apparatus 

2. The apparatus shall consist of the following: 

(a) Balance.—Regulation laboratory balance, sensitive to 
least 1 mg. 

(b) Burettes—Standard 1-ml. burettes, graduated in 0.1 ml., 
(stop-cock controlled) or the apparatus known as the Brown burette, 
which consists of a small burette as just described but with a small 
reservoir. ‘The tips of all burettes shall be ground optically flat. 

(c) Glass Mullers—Standard type glass mullers with a grinding 
face of from 23 to 3 in. in diameter. The face shall be free from 
blow-holes and other imperfections, and kept sharp by lightly grind- 
ing with No. 303 optical emery or its equivalent and turpentine. 
The edge should be beveled. 

(d) Rubbing Surface—Lithographers’ stones or ground plate 
glass slabs, the surface of which is kept sharp by lightly grinding 
with No. 303 optical emery or its equivalent and turpentine. To 
guard against contamination, different slabs or stones should be 
available for red, yellow, blue, green and black pigments. 

(e) Glass or Celluloid Sheets—Sheets of flat glass or flexible 
celluloid for use in weighing out the samples of dry colors, oils and 
pastes. 

(f) Spatula.—A flexible spatula having a 3-in. blade for mixing 
the oil and pigment. 

(g) Scraper—A French scraper or body glazing scraper for 
smoothing down the color daubs placed on the glass or tin panels 


1 Under the standardization procedure of the Society, these methods are under the jurisdiction 
the A.S.T.M. Committee D-1 on Preservative Coatings for Structural Materials. 
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The scraper shall have a blade that is about 3 or 4 in. in width with 
a good straight edge. 


(h) Panels.—Bright tin or clear glass panels for use in observing 
color matches. 


3. The following materials will be required: 


(a) Standard Pigment or Paste-—A standard pigment (dry color) 
or paste color in oil or Japan mutually agreed upon by the seller and 
purchaser. 

(b) Reduction Paste.—Zinc oxide oil paste for tinting strength 
test (Note). 


Note.—Recommended formulas for such a paste are as follows: 


. Green seal zinc oxide 
. Poppy oil 


. Calcium stearate 
. Turpentine 


. Green seal zinc oxide 
. Refined linseed oil _ 
. 4-hr. cooked linseed oil (560 F.) 


Green seal zinc oxide 
25 lb. Heat bodied oil (of ‘‘O” Litho 
varnish consistency) 


* This formula yields a short paste, handy to use and which has little tendency to settle. The 
paste should be ground fine and placed in small collapsible tubes. 
* This formula yields a paste that is slightly stringier than No. 1 and settles very little. New 


oil pastes should be prepared at least once each month. The paste should be ground fine and placed 
in small collapsible tubes. 


(c) Oil.—White refined linseed oil with an acid number of approxi- 
mately 4. In special cases, other oils may be essential, for example, 
earth colors may require raw oil, or pigments for printing inks require 
transparent lithographic varnish. Such special oils should be arranged 
for by the seller and purchaser. 


4. Mass color shall be determined as follows: 

(2) Carefully weigh the sample of pigment to be tested and 
counterbalance with the standard pigment. For regular control 
work the use of the burette is recommended for measuring the oil 
used, instead of weighing, because of the simplicity, speed and 
tolerant accuracy of the burette. In case of doubt and dispute over 
any color, or in the case of viscous oils, all portions shall be weighed. 
Ifoil is to be weighed, add oil to the dry samples accurately. Transfer 
the oil and pigment to the rubbing slab. If oil is to be measured, 
transfer the weighed samples of the pigments to the slab and add 
oil by dropping (slowly) from the burette, working up the paste with 
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the small spatula. Be sure to allow sufficient time for the burette 
to drain to its true level. When all the dry pigment is worked up 
by means of the spatula, rub up the paste with the glass muller. 
Use a stroke from 3 to 4 in. in width and from 12 to 15 in. in length. 
In counting rubs given a color, one stroke up and one stroke back 
is considered one rub. Allow the muller to travel up one side and 
back the other side, twisting the muller slightly at the top and bottom 
of each half stroke to help work in the pigment. After the number 
of rubs with the muller, as specified in the following table, depending 
on the type of pigment, “‘pick up” the paste with the spatula by 
scraping the face of the muller and gathering the paste on the slab 
into a daub. Continue the mulling until the paste is given the 
specified number of rubs: 


NuMBER oF Russ 
REQUIRED FOR PIGMENT Pick-up REQUIRED 


after each 50 rubs 

after each 40 rubs 

. after each 30 rubs 

after each 25 rubs 

after each 20 rubs 

after each 15 rubs 
(6) When the mulling is completed, place the unknown and 
standard samples in juxtaposition on the bright tin or clear glass 
panel. Make the daub of each sample about 1 in. in width and 
2 in. in length and draw the scraper lightly over the pastes to even 
off the ridges and so present both daubs on an even plane. Mass 
tone should be judged immediately. If glass is used observe the 
rub-outs from the top and not through the glass panel. A pigment 
shall be considered as passing this test when its mass color is the same 

as that of the mutually agreed upon standard. 

Note.—Where higher precision is required than that afforded by visual examina- 
tion or where it is desirable to determine the color characteristics of the material 
in terms of fundamental physical units, this may be done by use of the Standard 
Method of Analysis for the Color Characteristics of Paints in Terms of Fundamental 
Physical Units (A.S.T.M. Designation: D 307) of the American Society for Testing 
Materials.' 

Tinting Strength, Color Pigments 

5. The tinting strength of color pigments shall be determined 
as follows: 

(a) Weigh the required amount of the mulled color paste from 
the slab and counterbalance with the standard pigment. Then add 
the correct amount of the ‘Reduction Paste” (zinc oxide oil paste 
to the unknown and standard samples. Thoroughly mix each o 
the pastes on the flat glass or flexible celluloid sheets and transfer 


+1935 Book ofA.S.T.M. Standards, Part II, p. 731. 
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samples to the slab, mixing them thoroughly with spatula only, till no 
more streaking is noticeable. 

(b) Place the unknown and standard samples in juxtaposition on 
the bright tin or clear glass panel. Make the daub of each sample 
at least 1 in. in width and about 2 in. in length and draw the scraper 
lightly over the pastes to even off the ridge and so present both 
daubs on an even plane. Judge the color immediately. If glass is 
used, observe the rub-outs from the top and not through the glass 
panel. If the sample shows the same character of tint and the rub- 
out is as dark or darker than the standard, it meets this test for 
tinting strength. 


Note 1.—The following pigment rub-out scheme is outlined for the convenience 
of the operator. Because of the difference in oil absorption of similar pigments 
made by different manufacturers, the pigment rub-out scheme can necessarily serve 
only as a guide in the work. 


PIGMENT RuB-ouT SCHEME REDUCTION, 
GRAMS OF 


REDUCTION 
AMOUNT VoLUME MULLS PASTE TO 
oF COLor, oF OIL, OR GRAMS OF 

Cotor or CLass ML. RuBS MULLED PASTE 


C. P. Iron blues .80 300 5 to 0.1 
C. P, Light and medium para toners . 80 200 5 to 0.1 
C. P. Dark para toners .80 300 5 to 0.1 
10 per cent Para toners on whiting .50 60 2 to 0.1 
C. P. Toluidine .50 150 5 to 0.1 
C. P. Light chrome green .40 100 2 to 0.1 
C. P. Medium chrome green .50 150 2 to 0.1 
C. P. Deep chrome green .60 200 2 to 0.1 
25 per cent Grinder’s green, light......... .30 60 2 to 0.1 
25 per cent Grinder’s green, medium 40 60 2 to 0.1 
25 per cent Grinder’s green, deep .40 80 2 to 0.1 
C. P. Chromium oxide .40 60 2 to 0.1 
C. P. Primrose chrome yellow .20 60 2 to 0.1 
C. P. Light chrome yellow .50 60 2 to 0.1 
C. P, Medium chrome yellow .30 60 2 to 0.1 
C. P. Dark chrome yellow 60 2 to 0.1 
C. P. Zine yellow 40 60 2 to 0.1 
English vermillion .50 100 2 to 0.1 
Ultramarine blue .50 150 2 to 0.1 
Cobalt blue .50 150 2 to 0.1 
High strength carbon black .80 150 to 0.1 
Bone black .80 100 2 to 0.1 

.00 100 5 to 0.1 

.30 150 5 to 0.1 

.30 100 2 to 0.1 

39 100 2 to 0.1 

.70 100 2 to 0.1 


Indian, Spanish, Venetian, Persian Gulf 
Oxides and metallic brown.... 

Raw and burnt sienna 

Raw and burnt umber 


o 


.40 100 2 to 0. 
.60 100 2 to 0. 
.80 100 2 to 0. 
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Note 2.—In many cases, the paint manufacturer producing industrial, freight 
car, marine, barn or anti-corrosive paints is interested in wetting the pigment with 
the vehicle. Such methods of grinding in oil do not reduce the particle size or develop 
additional tinctorial value of the pigment. The covering power of such paints is 
therefore dependent upon the degree to which the color manufacturer develops ihe 
pigment used in such products. The muller tests do not determine the true value 
of colors for this purpose. The grinding action of the muller develops the tinctorial 
value and hiding power of the pigment to a much greater extent than when the 
pigment is ground in oil on a loosely set stone mill. Comparative muller and stone 
grinding tests show that fifty mulls with no weight on the muller are equivalent to 
a loose grind on a paint mill in which the pigment is thoroughly wetted. It is recom- 
mended that this test be used in determining the true value of these pigments for 
paints wherein the pigment receives little or no grinding in the paint mill. 

Note 3.—For the most exact determination of mass color and ultimate tinting 
strength, it is recommended that the following procedure be employed: The com- 
parison of all samples shall be made at the same or equal consistency and this con- 
sistency shall be such that the paste can just be thrown from the spatula by a gentle 
whipping motion of the hand or by the tapping of the spatula blade with the index 
finger. 

Note 4.—To determine the percentage strength of the unknown color in terms 
of the standard, varying amounts of the mulled paste of the standard color are 
mixed with the same amount of reduction paste to give a series of standards. The 
unknown is compared to determine the standard it matches. The tinting strength 
of the unknown sample is calculated as follows: The ratio of the amount of standard 
color used to give equality of tint, to the amount of unknown color used multiplied 
by 100 is the tinting strength of the unknown sample. 


Tinting Strength, Pastes 

6. When the sample is in the paste form as a color in oil or color 
in Japan, the tinting strength shall be determined in accordance with 
the procedure described in Section 4 (6) and continuing in Section 5 
(a) and 
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TENTATIVE METHODS OF TESTING OLEO-RESINOUS 
VARNISHES! 


(SKINNING TEST, ALKALI RESISTANCE, ACID NUMBER) 


A.S.T.M. Designation: D 154-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 


annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


SKINNING TEST OF VARNISH IN CLOSED CONTAINERS 


- 


Container 
1. An 8-0z. wide mouth glass jar 4} in. in height and 2 in. in diameter 
shall be used as the container. 


Note.—Jar No. 5107 C. T. with 12S P. and O. Cap, of the Hazel-Atlas Glass Co., 
Wheeling, W. Va., have been found suitable. 


Procedure 


2. A 6-oz. sample of the varnish shall be measured into the glass jar 
container by means of a graduate. ‘The cover shall be screwed on tightly, 
and the jar inverted momentarily. The jar shall then be placed in an 
upright position in the dark (placing it under a box or in a drawer is satis- 
factory) and the varnish shall be examined for skinning at specified time 


intervals, 


ALKALI RESISTANCE TEST 


Alkali Resistance Test 


3. A 1 by 6-in. test tube shall be thoroughly cleaned in benzol. The 
tube shall then be dipped into the sample of varnish and the mouth of the 
tube inverted downward immediately and the varnish allowed to dry for 
48 hr. in an atmosphere free from dust, drafts, products of combustion or 
laboratory fumes. The temperature of the room during the drying period 
shall be 65 to 78 F. (19 to 25 C.). The varnish-coated tube shall then be 
suspended in a solution of sodium hydroxide (3 per cent) maintained at 
(0*2F,(21 + 1.1C.). The tube shall be removed after desired periods 
ol time, such as 8, 16, 24, and 48 hr., and the varnish examined for whitening, 
blistering or removal. Before making the examination, the varnished tube 
~ be rinsed under a gentle stream of water and allowed to air dry for 
min. 


rander the standardization procedure of the Society, these methods are under the jurisdiction of the 
vommittee D-1 on Preservative Coatings for Structural Materials. 
Resin wy i apy when adopted as standard, will be added to the Standard Methods of Testing Oleo- 
“nous Varnishes (A.S.T.M. Designation: D 154-28), 1933 Book of A.S.T.M. Standards, Part II, p. 698. 
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Acip NUMBER 
Solutions Required 

4. The following solutions will be required: 

(a) Alcoholic Oxalic Acid Solution (0.1 N).—Dissolve 6.3 g. of. Cp. 
oxalic acid (H,C,0,-H,O) in sufficient 95 per cent ethyl alcohol to make 
a liter. 

(b) Alcoholic Potassium Hydroxide (0.1 N).—Dissolve approximately 
6.6 g. of c.p. alcohol refined potassium hydroxide (85.86 per cent KOH) in 
sufficient 95 per cent ethyl alcohol to make a liter, and standardize in 
usual manner. 

(c) Neutral Solvent Mixture-—Mix 75 per cent of ethyl alcohol (95 
per cent) and 25 per cent of c.p. benzene (benzol, C.Hs). 

(d) Phenolphthalein Indicator.—Dissolve 10 g. of phenolphthalein 
indicator in 1 liter of ethyl alcohol (95 per cent). Use 1 ml. for titration. 


Procedure 


5. (a) A 3 to 5-g. sample of the varnish shall be weighed into a 500-nl. 
glass-stoppered Erlenmeyer flask, 75 ml. of the solvent mixture added and 
warmed slightly to aid solution. A definite accurately measured quantity 
(10 to 25 ml.) of the standard 0.1 N oxalic acid solution shall then be added. 
The mixture shall be refluxed on a hot plate (using a reflux condenser) for 
about 1 hr. or until the soaps present have been decomposed. The solution 
shall then be removed and titrated while hot with the standard 0.1 
potassium hydroxide solution using phenolphthalein indicator. As the 
endpoint is approached, very vigorous shaking will be required. ‘Titrating 
while hot increases the speed of titration and results in a sharper endpoint. 
A pink coloration which persists for several minutes shall be taken as the 
endpoint. 

(b) A blank containing the same quantity of the standard 0.1 
oxalic acid solution should be run using the same procedure as for the 


Calculation 

6. The acid number is the weight in milligrams of potassium hydroxide 
required to neutralize a 1-g. sample of the varnish: 


Acid number = 


where a = the milliliters of potassium hydroxide required for the sample 
_ b = the milliliters of potassium hydroxide required for the blank 
_¢ =the milligrams of potassium hydroxide per milliliter (value of 
standard potassium hydroxide solution) 
the weight of the sample in grams. 
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TENTATIVE METHODS OF TEST 


FOR 
SOLUBLE NITROCELLULOSE BASE SOLUTIONS! 


A.S.T.M. Designation: D 365 —- 35 T 


This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Head- 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


IssUED, 1933; REVISED, 1935. 
Scope 


1. These methods are intended for the testing of soluble nitro- 
cellulose base solutions which are made by dispersing various kinds 
and concentrations of soluble nitrocellulose in various solvent mixtures. 

2. Since the desired specifications and compositions of soluble 
nitrocellulose base solutions vary greatly, the limits desired for each 
particular type shall be mutually agreed upon by the buyer and vendor. 


Sampling 


3. Samples shall be taken from not less than 10 per cent of each 


lot in the shipment. These samples shall then be composited to 
represent each lot or batch. 


CONSISTENCY (VISCOSITY) 
Apparatus 

4. The falling-ball consistency test apparatus and procedure 
described in Sections 11 to 13 of the Standard Specifications and 
Tests for Soluble Nitrocellulose (A.S.T.M. Designation: D 301) of 
the American Society for Testing Materials? shall be used to determine 
the consistency of those solutions having a consistency of from 3 to 
500 seconds when tested in that apparatus. 

5. The consistency test described in Sections 9 and 10 of the 
Tentative Methods of Testing Nitrocellulose Clear Lacquers and 
Lacquer Enamels (A.S.T.M. Designation: D 333-34 T) of the 
American Society for Testing Materials* shall be used to determine 


, ‘Under the standardization procedure of the Socicty, these methods are under the jurisdiction of 
the A.S.T.M. Committee D-1 on Preservative Coatings for Structural Materials. 
*1933 Book of A.S.T.M. Standards, Part II, p. 711. 


* Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 879 (1934); also 1935 Book of A.S.T.M. 


Tentative Standards, p. 689. 
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the consistency of those solutions having a consistency of less than 
3 seconds when tested in the falling-ball apparatus referred to in 
Section 4. 

6. The apparatus and method described in Sections 7 and 8 
shall be used to determine the consistency of those solutions having 
a consistency greater than 500 seconds when tested in the falling-ball 


apparatus referred to in Section 4. a 


Stopper covered 


Top of solution 


\ Aluminum guide cone 
~Stee/ ball 


Upper reference 


<- Glass tube 


-Lower reference 
mark 


--Stopper covered 
with tin foil 
Fic. 1.—Consistency (Viscosity) Test Apparatus. 
Apparatus 


7. The consistency test apparatus, shown in Fig. 1, shall consist 
of the following: 

(a) Glass Tube.—A glass tube (preferably resistant glass),' 2 in. 
+ J, in. (50.8 mm. + 1.0 mm.) in inside diameter and 10 in. in 
length, with marks 5 in. + 7¢ in. (177 mm. + 1 mm.) apart, the 
upper one being 3 in. from the top of the tube. 

(b) Steel Ball.—A §-in. steel ball, 0.625 in. + 0.001 in. (15.8 
mm. + 0.02 mm.) in diameter and weighing 16.536 g. + 0.10 g. 

(c) Aluminum Guide Cone.—A guide cone of light gage aluminum 
(approximately 0.02 in. in thickness) as shown in Fig. 1. The orifice 
of the guide cone shall be j in. in diameter, the conical portion | in. 
in height, the cylindrical portion } in. in height, and the outside 


7 


1 Pyrex glass is very satisfactory for this purpose. 
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diameter shall be slightly under 2 in. so as to fit snugly into the 
viscosity tube. 


(d) Stoppers——Stoppers made preferably of rubber and covered © 
with tin foil. 


Procedure 


8. The consistency shall be determined as an 

(a) Fill the tube in any convenient manner whereby bubbles do 
not form or an appreciable amount of solvent is not lost. Among 
other methods this can be done by immersing the lower end of the 
open tube in the solution and applying suction at the upper end of 
the tube. In this manner the tube can be filled in from 5 to 10 
seconds without the introduction of air bubbles or an appreciable 
loss of solvent. Close the bottom of the tube with a stopper covered 
with tin foil. Push the aluminum guide cone slowly into the top of 
the tube and insert a stopper covered with tin foil into the top of the 
guide. 

(b) Bring the tube and its contents to a temperature of 25 C. 
+ 0.1 C. by placing in a suitable bath. Allow at least 30 minutes 
for the solution to reach temperature equilibrium. For accurate 
measurements keep the tube during the determination either in a 
thermostat or suspended within a considerably larger cylinder of 
water at the specified temperature. 

(c) Remove the upper stopper only long enough to place the 
ball in the center of the tube; this can be done conveniently with 
crucible tongs. ‘The principal value of the guide cone is to retard 
the ball sufficiently at the start of its fall so that the solution will 
close over the ball and not leave on the top of the ball a large “trailer 
bubble.” If the guide is not used a big trailer bubble usually accom- 
panies the ball, retarding its fall and, if the bubble is off center on 
the ball, pulling the latter away from the center of the tube. 

(d) Measure the time of fall in seconds from the instant the 
bottom of the ball is level with the upper reference mark on the tube 
until it reaches the lower mark on the tube. 


Note.—The steel ball can be removed (in order to leave the same material in 
the tube for a check run) by removing the lower stopper. However, a small air 
bubble is usually introduced in this way. It is preferable to invert the tube, 
removing the guide to get the ball out. It is often necessary to put a few drops of 
solvent in the guide lip to loosen it from the tube on account of the solution drying 
at the edge of the tube. When the latter method is used for removing the ball, a 
larger bubble traverses the tube, than when the former method is used, but a large 
bubble moves sufficiently fast, even in a very viscous solution, to escape at the 
‘op in a few minutes, whereas small bubbles take hours to escape. 
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Non-VOLATILE MATTER 
Non-Volatile Matter 
9. The percentage of non-volatile matter shall be determined i in 
accordance with the method described in Section 8 of the Tentative 
Methods of Testing Nitrocellulose Clear Lacquers and Lacquer 
Enamels (D 333-34 T) of the American Society for Testing 
Materials. 


APPEARANCE OF SOLUTION 
Appearance 
10. The appearance of the soluble nitrocellulose base solution 
shall be compared with a standard mutually agreed upon by the buyer 
and vendor (both standard and sample solutions shall be thoroughly 
agitated before making observations) in similar bottles for turbidity, 
hair, grain, and insoluble matter. 


DEPTH OF Coun 
Apparatus 


11. The apparatus used for the preparation of the color stand- 
ards and for the depth of color determinations shall consist of the 
following: 

(a) Light.—Source of transmitted light.” 

(b) Bottles —Three dozen 2-0z. screw-cap, square, glass bottles. 

(c) Flasks.—Several 1-liter volumetric flasks. oe 

(d) Burettes—Two 50-ml. burettes. _ 

(e) Balance.—An analytical balance. 

(f) Colorimter—Dubosq colorimeter.? 

(g) Color Glass.—A piece about 25 mm. square and 10 mm. thick 

of Corning glass, Signal Yellow No. 330. 
Chemicals 

12. The following chemicals will be required: 

(a) Chemically pure potassium platinic chloride (K2PtCle). 

(b) Chemically pure cobalt chloride (CoCl,.6H,0). 

(c) Concentrated hydrochloric acid. 

(d) Caramel (sugar coloring). 

(e) Phenol. 


Preparation of Color Standards . 
13. Platinum-Cobalt Color Standards. —The platinum- -cobalt color 
standards shall be prepared as follows: 
(a) Weigh out on an analytical balance exactly 1.246 g. of cp 
1 Proceedings, Am. So. Testing Mats., Vol. 34, Part I, p. 879 (1934); also 1935 Book of A.S.T.M 


Tentative Standards, p. 
2 Not absolutely Sl but will increase accuracy and be more convenient. 
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potassium platinic chloride (K2PtCl«) and 1.000 g. of c.p. crystallized 
cobalt chloride (CoClk.6H:O). Dissolve in distilled water, add 
100 ml. of concentrated HCl and dilute to 1000 ml. with distilled 
water. This solution is color standard No. 10.! 

(b) Prepare color standards Nos. 1 to 10, inclusive, by accurately 
measuring from burettes directly into the square 2-o0z. bottles the 
following quantities of the No. 10 color standard and distilled water: 


s UANTITY OF QUANTITY OF 
CoLor STANDARDS o. 10 Coton |DisTILLED WaTER, 
STANDARD, ML, 


0 


(c) After preparation of the color standards the bottles shall be 
sealed with corks and paraffin before putting on the screw caps. 
The platinum-cobalt standards are permanent for approximately 
six months. The color standards from No. 12 to No. 500, inclusive, ‘ 
are made from a caramel solution, but the color is based on the plati- 
num-cobalt color standard. 

14. Caramel Standards.—The caramel standards shall be pre- 
pared as follows: 

(a) Dilute caramel (sugar coloring) in the ratio of about 1 ml. 
of caramel to 100 ml. of distilled water in a glass vessel. Add 0.5 
per cent phenol and agitate thoroughly. Adjust the concentration 
of this solution so that when it is diluted in the ratio of 1 ml. of solu- 
tion to 49 ml. of distilled water, to which has been added 0.5 per cent 
phenol, the solution will match color No. 10 of the platinum-cobalt 
color standard. ‘This caramel solution before dilution is color No. 

500 (Note). 


; _Note.—It is more convenient to check the caramel color standard No. 500 
against a colored glass which has been previously standardized against the platinum- 
cobalt color standard; a piece of glass about 25 mm. square by 10 mm. thick of 
Signal Yellow No. 330 manufactured by the Corning Glass Works may be stand- 


ardized and used as a check on the caramel solution. This must be done by use of 
4 colorimeter, 


(6) Prepare color standards No. 12 to No. 500, inclusive, by 
accurately measuring from burettes directly into the square 2-oz. 
' This 


Journal, Vol xiv bg an assigned value of 500 on the Hazen color scale, see American Chemical 
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bottles the quantities shown in Table I of color No. 500 caramel 
standard and distilled water to which has been added 0.5 per cent 
phenol. 

(c) After preparation of the color standards, the bottles shall be 
sealed with corks and paraffin before putting on the screw caps. All 
of the caramel color standards are permanent for approximately one 
month but should be checked semimonthly. : 


Procedure 
15. Comparison of Material to be Tested with Color Standards.— 

A square 2-oz. glass bottle shall be filled with the material to be 

tested and this shall be matched against one of the color standards 


Pret: 


TABLE I. 


_ QUANTITY OF QUANTITY oF 
CoLtor STANDARDS CARAMEL SOLUTION, |DISTILLED WaATER 
ML, PLUS PHENOL, ML. 


48. 
48. 
48. 
47. 
47. 


Sooo 


using either direct daylight or indirect artificial transmitted light, 
the latter being preferred. The number of the color standard matched 
is the depth of color of the material. __ 
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TENTATIVE SPECIFICATIONS 


FOR 


WOOD TO BE USED AS PANELS IN WEATHER TESTS OF | 
PAINTS AND VARNISHES! 


A.S.T.M. Designation: D 358-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 


nnual revision. Suggestions for revision should be addressed to the Headquarters of the 
ociety, 260 S. Broad St., Philadelphia, Pa. se 


IssUED, 1933; REVISED, 1935.2. 


Purpose and Scope 


1. These specifications designate woods for weathering tests on 
exterior oil paints and other materials of similar purpose. Such tests may 
include either outdoor exposure tests or accelerated laboratory tests. 
According to experience, the wood used as a test surface has a marked 
bearing upon weathering results, especially in accelerated laboratory tests 
or 45 deg. outdoor exposures. It is the purpose of these specifications to 
maintain more uniformity of the influence of the wood, particularly in 
cooperative work among different laboratories. The cedar and white 
pine, as specified, are desirable for determining general durability factors. 
Cedar, as specified, is affected less by the exposure conditions and is pre- 
ferred for rapid accelerated tests (laboratory and 45 deg. outdoor exposures) 
to avoid the masking of the true failure characteristics of the coating by 
inusual changes in the wood surface. From this standpoint white pine, as 
specified, represents an intermediate wood. Southern yellow pine, as 
specified, emphasizes the influence of wood on adhesion and durability of 
the coating. 


WESTERN RED CEDAR 4 ad 
Species 


2. The material for test panels shall be western red cedar (Thuja 
plicata). 


Weight per Cubic Foot 


3. The wood shall weigh 22 to 23 lb. per cu. ft. The weight shall be 
determined after at least one week’s storage in a protected, dry, warm 
atmosphere (approximately 70 F.). 


4. The material shall be ‘dail grained, as s nearly edge grain as pos- 


sible and in no section to vary more than 45 deg. from edge grain. 
AS TMG the standardization procedure of the Society, these specifications are under the jurisdiction of the 
iM Committee D-1 on Preservative Coatings for Structural Materials. 
Latest revision accepted by Committee E-10 on Standards, August 22, 1935. 
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Species 


5. The white pine wood shall be restricted to northern white pine 
(Pinus strobus) and Idaho white pine (Pinus monticola). 


Weight per Cubic Foot 
6. ‘The wood shall weigh 24 to 26 lb. per cu. ft. when wood is in equilib- 


rium with air at 60 to 65 per cent relative humidity and 69 to 71 F. (21.5 
to 21.6 C.) (wood at approximately 12 per cent moisture content). 


Character of Wood 


7. The wood shall be free from knots, pitch pockets, pitch streaks and 
other defects. The number of annual growth rings per inch along the 
radius of the log from which obtained shall not be less than 18. The test 
surface shall be smoothly planed and reasonably free from planer marks 
and chipped or torn grain. 

8. The wood shall be selected as edge grain or flat grain as desired. 
Specimens in which the annual growth rings intersect the planed test 
surface at an angle of 45 deg. or more shall be considered edge grain, and 
similarly specimens in which the intersection is at an angle of 15 deg. or 
less shall be considered as flat grain. The test surface of flat grain wood 
shall be on the bark side. 


SOUTHERN YELLOW PINE 
Species 


9. The material for test panels shall be southern yellow pine, suitable 
for siding purposes. It is not to be limited to a single species, but shall 
conform to the requirements hereinafter stated. 


Weight per Cubic Foot 


10. The wood shall weigh 32 to 38 lb. per cu. ft. when wood is in 
equilibrium with air at 60 to 65 per cent relative humidity and 69 to 71 F. 
(wood at approximately 12 per cent moisture content). 


Character of Wood 


11. The wood shall be free from knots, pitch pockets, pitch streaks 
and other defects. The number of annual growth rings per inch along the 
radius of the log from which obtained shall not be less than 7 nor more 
than 9. The test surface shall be on the bark side and shall be smoothly 
planed and reasonably free from planer marks and chipped or torn grain. 

12. The wood shall be selected as flat grain; specimens in which the 
annual growth rings intersect the planed test surface at an angle of 15 deg. 
or less shall be considered as flat grain. . a 
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TENTATIVE METHOD OF TEST 
FOR 
FLASH POINT BY MEANS OF THE TAG CLOSED TESTER! 


A.S.T.M. Designation: D 56-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 


snnual revision. Suggestions for revision should be addressed to the Headquarters of the 
seiety, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1935. 
Scope 

1. The Tag closed tester shall be used for determining the flash point 
{all mobile liquids (Note) flashing below 175 F., with the exception of 
products classed as fuel oil which are preferably tested with the Pensky- 
Martens Closed Tester as described in the Standard Method of Test 
for Flash Point by Means of the Pensky-Martens Closed Tester (A.S.T.M. 
Designation: D 93) of the American Society for Testing Materials.” 


Nore.—Provision is made in Sections 12 and 13 of this method for determining the 7 
point of lacquer solvents or diluents of low flash points. 


APPARATUS 
Tag Closed Tester 
2. The Tag closed tester, a diagram of which appears in Fig. 1, shall 


nform to the following dimensional requirements within the permissible 
varlations shown: 

INCHES CENTIMETERS 


NORMAL MAX. MIN. NORMAL MAX, 


2.74 2.78 2.82 
le 2.94 2.98 


DIMENSIONS 7 a» MIN. 


3.33 3.41 
5.40 5.41 
0.40 0.44 


67 to 69 g. 


The plane of underside of cover shall be between the top and bottom © 
ne burner tip when the tip is fully depressed. 


ander the standardization procedure of the Society, this method is under the joint jurisdiction of 
ts ps d Lake = on Preservative Coatings for Structural Materials and Committee D-2 on Petroleum 
ubricants. 


~ the present San is in effect a tentative revision of, and is intended to supersede when adopted as ~ 
n 
nation: 


tandard Method of Test for Flash Point of Volatile Flammable Liquids (A.S.T.M. 
), see 1933 Book of A.S.T.M. Standards, Part II, p. 663. 
-T.M. Standards, Part II, p. 805. 
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Fic. 1.--A.S.T.M. Tag Closed Tester. (Arranged for Use of Gas.) 
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Thermometer 
3. Two thermometers are required, one for measuring the temperature 
{the sample under test, the other for measuring the temperature of the 
ath. Each of these thermometers shall conform to the following require- 
ents. ‘These specifications cover a special thermometer graduated in 
‘ither Centigrade or Fahrenheit degrees as specified, the ranges being —7 


+110 C. or +20 to +230 F., respectively: Oo nine 
® 


yPE: Etched stem, glass. 
Liguip: Mercury. 
\NGE AND SUBDIVISION: —7 to +110C. in 0.5 C. or +20 to +230 F. in 1 F. 


TAL LENGTH: 273 to 277 mm. (10.75 to 10.92 in.). 

rem: Plain front, enamel back, suitable thermometer tubing. Diameter, 6.0 to 7.0 
mm. (0.24 to 0.28 in.). 

Ls: Corning normal or equally suitable thermometric glass. 
Length, 9 to 13 mm. (0.35 to 0.51 in.). 
Diameter, not greater than stem. 

DISTANCE TO —7 C. OR +20 F. LINE FROM Bottom OF BuLB: 75 to 90 mm. (2.93 to 
3.54 in.). 

DISTANCE TO og C. or 230 F. Line From Top oF THERMOMETER: 25 to 40 mm. (0.98 
to 1.57 in.). 

‘XPANSION CHAMBER: To permit heating the thermometer at least 50 C. (90 F.) above 
highest temperature on scale. 

FILLING ABOVE Mercury: Nitrogen gas. 

lop FintsH: Glass ring. 

RADUATION: All lines, figures, and letters clear cut and distinct. The whole degree 
Centigrade lines or the first and each succeeding 5 F. line to be longer than the 
remaining lines. Graduations to be numbered at each multiple of 5 C. or 10 F. 

IMMERSION: 57 mm. or 2} in. ‘The words ‘57-mm. immersion” on Centigrade or “ 2}-in. 
immersion” on Fahrenheit thermometers and a line around the stem 57.0 mm. or 
2.25 in. above the bottom of the bulb shall be etched on the thermometer. 

CIAL MARKING:! “A.S.T.M. P.M. and Tag.,” a serial number and the manufacturer’s 
name or trade mark shall be etched on the stem. 

ALE ERROR: The error at any point of the scale when the thermometer is standardized 
as provided below shall not exceed 0.5 C. or 1 F., respectively. 

IANDARDIZATION: ‘The thermometer shall be standardized at the ice point and at intervals 
of approximately 30 C. or 50 F. for 57-mm. or 2}-in. immersion and for the following 
temperatures of the emergent mercury column: 


= 
ailond AVERAGE TEMPERATURE OF EMERGENT 
THERMOMETER READING @ MeErcurRY COLUMN 
20 C, 70 F. y 70 F. 


40C. 100 F. 31C. 86F, 
70C. 150 F, 40C, 104 
48C. 118 F. 


‘se: The thermometer shall be supplied in a suitable case on which shall appear the 
marking: “A.S.T.M. P.M. and Tag., —7 to +110 C.” or “A.S.T.M. P.M. and Tag., 
+20 to +230 F.” according to the type of thermometer. 


. Note.—For the purpose of interpreting these specifications the following definitions 


pply: 

The total length is the over-all length of the finished instrument. 
The diameter is that measured with a ring gage. 
The length of the bulb is the distance from the bottom of the bulb to the beginning 
, of the enamel backing. 
The top of the thermometer is the top of the finished instrument. 

This thermometer is identical with the low range instrument specified for use with the A.S.T.M. Pensky- 


von arpa Tester and described in the Standard Method of Test for Flash Point by Means of the 
y-Martens Closed Tester (A.S.T.M. Designation: D 93) of the American Society for Testing Materials, 


ee 1983 Book of A.S.T.M. Standards, Part II, p. 805. , 
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PROCEDURE 
Procedure 


4. (a) The test shall be performed in a room or compartment darkened 
sufficiently to permit ready detection of the flash. 

(b) Care shall be taken to have the tester level and steady. It shall 
be surrounded on three sides by an enclosure for protection from drafts, 
(A shield 18 in. square and 24 in. in height, open in front, is suggested, 
Tests made in a laboratory hood or near ventilators are not to be relied 
upon.) 

(c) Gas may be used for the test flame and for heating the water bath. 
If gas is not available for the test flame, a wick of cotton cord may be 
inserted in the burner tip, a small quantity of cotton waste placed in the 
oil chamber to which the burner tip is attached and the chamber filled 
with signal, sperm, or lard oil. An alcohol lamp may be used for heating 
the water bath as a substitute for gas. 

5. The water bath thermometer shall be placed in the collar provided 
for it and the bath filled with water until it overflows. The temperature 
of the water in the bath shall be such that when testing is started it wil 
be at least 20 F. (11 C) below the probable flash point of the oil to be 
tested. 

6. The oil cup shall be placed in its proper position in the water bath 
and 50 ml. of the oil to be tested shall be measured into it, using an accurate 
graduate or other measuring device for the purpose. ‘The temperature 
of the oil shall be at least 20 F. (11 C.) below its probable flash point when 
the test is started. Air bubbles on the surface of the oil shall be destroyed, 
and the cover with the flash point thermometer in place shall then be 
properly attached to the bath collar. The test flame shall be lighted, the 
flame being adjusted to the size of the small white bead on the cover. 
| 7. The gas burner or alcohol lamp shall be centrally placed in the 
base of the tester and lighted. The flame shall be so adjusted that the 
temperature of the oil in the cup rises at the rate of 1.8 F. (1 C.) per min. 
as closely as possible, but in any case not faster than 2 F. (1.1 C.) nor 
slower than 1.6 F. (0.9 C.) per min. 

8. (a) The barometric pressure shall be recorded. If a barometer i 
not available, the figure may be obtained from the nearest Weather Bureau 
Station and an appropriate correction made for difference in altitude 
between such station and the laboratory. 

(b) The initial temperature of the oil shall be recorded. 

(c) When the temperature of the oil is 9 F. (5 C.) below its probable 
flash point, the knob on the cover shall be turned in such a manner as 0 
introduce the test flame into the vapor space of the cup, and immedialdl) 
turned back again. The time consumed in turning the knob down and back 
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shall be about one full second, or the time required to pronounce distinctly 
the words ‘thousand and one.” 

(d) The time at which the first introduction of the test flame is made 
shall and the temperature of the oil shall be recorded. 
alts (e) The application of the test flame shall be repeated after each 
sted. IF. (0.5 C ) rise in temperature of the oil until a distinct flash in the interior 
sled of the cup is observed. The true flash must not be confused with the bluish 

halo which sometimes surrounds the test flame during applications immedi- 

sath. ately preceding the actual flash. 
y be (f) The time and the temperature of the oil when the flash point is 
1 the reached shall be recorded. 


ened 


filled Repeat Tests 
—_, 9. (a) If the rise in temperature of the oil from the time of making 


‘ded the first introduction of the test flame to the time at which the flash point 
” isobserved was more rapid than 2 F. (1.1 C.), or slower than 1.6 F. (0.9 C.) 
ee per min., the test shall be repeated, adjusting the gas burner or alcohol 
ba he lamp to the proper rate of heating. 

. (b) It is not necessary to turn off the test flame with the small regu- 
bath ning valve on the cover; it may be left adjusted to the proper size of 

flame. 
(c) After completing the preliminary test to determine the approxi- 
mate flash point, the burner or lamp shall be removed, the oil cover lifted 
and the thermometer bulb carefully wiped off. The oil cup shall be 
oye removed, emptied, and carefully wiped until dry 
1 the (d) The temperature of the bath shall be lowered by the addition of 

’ cold water until it is 15 F. (8 C.) below the flash point of the oil as shown 
: the by the preliminary test. 
rt the ' (e) The oil cup shall be replaced and a fresh 50-ml. sample measured 

into it. The test procedure, as described in Sections 4 to 6, inclusive, 
shall then be repeated, introducing the test flame for the first time, however, 
when the oil temperature is 10 F. (5.5 C.) below the flash point obtained 
mi” the preliminary test. 
sureal (f) Oil which has once been subjected to the flash test shall be discarded. 


titude (s) If test is to be repeated, a fresh sample shall be used. wisn 7 


Average Value of Flash Point 


‘urate 
‘ature 
when 


min. 
.) nor 


obable s 10. If two or more determinations agree within 1 F. (0.5 C.), the 
average of these results, corrected for barometric pressure, shall be con- 
dialdy reas the flash point. If two determinations do not check within 1 F. 
4 back C.), a third determination shall be made and, if the maximum variation 
n the three tests is not greater than 2 F. (1 C.), their average, after cor- 
: recting for barometric pressure, shall be considered the flash point. _ 
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Correction for Barometric Pressure 

11. Correction for barometric pressure shall be made only in cases 
of dispute or when the barometer reading varies more than 3 in. (13 mm. 
from the standard pressure of 29.92 in. (760 mm.). When the barometer 
reading is below this standard pressure, add to the thermometer reading 
1.6 F. (0.9 C.) for each 1 in. (25 mm.) of barometer difference to obtain 
the true flash point. When the barometer reading is above the standard 


pressure, deduct 1.6 F. (0.9 C.) for each 1 in. (25 mm.) of barometer difier- VAE 
ence to obtain the true flash point. re 
Determination of Flash Point of Lacquer Solvents or 
Diluents of Low Flash Point Th 
Apparatus 

12. The apparatus shall consist of the following: 

(a) Flash Point Tester.—As described in Section 2. Scope 
(0) Thermometer.—For determining flash points below 40 F. (4.4 C)) 1 
thermometers graduated either in Fahrenheit or Centigrade degrees, J of mo 
having ranges of 0 F. to 210 F., or —20 C. to +100 C., shall be used. ; 
Otherwise the thermometers shall conform to the requirements prescribed J oy = 
in Section 3. These thermometers may be used optionally for the deter- what lo 
mination of flash points above 40 F. 

13. The procedure shall be the same as described in Sections 4 to 1] 2. 
except that in determining flash points below 40 F. (4.4 C.) the bath shal § 4 up 
be filled with brine instead of water. — shall ¢ 


: 


TENTATIVE METHOD OF TEST 
FOR 


VAPOR PRESSURE OF MOTOR AND AVIATION GASOLINE 
(REID METHOD)! 
A.S.T.M. Designation: D 417 - 35 T 


This is a Tentative Standard and' under the Regulations of the Society is subject to 


annual revision. Suggestions for revision should be addressed to the Headquarters of the .: 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1935.? 
Scope 
1. This method is intended for the determination of the vapor pressure 
of motor and aviation gasoline. It may be used on other gasolines (Note). 
Note.—Present indications are that reliable results can be obtained by this method 


on gasolines of 28-lb. vapor pressure, or less. Probable exceptions are gasolines of some- 
what lower vapor pressure containing appreciable quantities of dissolved gases. 


A 
PPARATUS | 
Vapor-Pressure Bomb 


2. The vapor-pressure bomb consisting of two sections or chambers, 
an upper section, or air chamber, and a lower section, or gasoline an 
shall conform to the following requirements: 

(a) Air Chamber.—The upper section, or air chamber, shown in Fig. 1, 
shall be a cylindrical vessel 2 to 23 in. in diameter and 10 in. +} in. in 
length, inside dimensions. In one end of the air chamber a }-in. standard 
pipe thread shall be tapped, to receive the gage coupling. Other means 
of connecting the air chamber with the pressure gage may be employed, 
provided the requirements of Paragraphs (c) and (d) are fulfilled. In the 
other end of the air chamber an opening approximately } in. in diameter 
shall be provided for purposes of coupling with the gasoline chamber. 
The nature of this opening will depend upon the method of coupling em- 
ployed. The air chamber must drain completey from either end when 


held in a vertical position and for this reason the ends may be slightly 
convex, 


(b) Gasoline Chamber. —The lower section, or gasoline chamber, shown 
in Fig. 1, shall be a cylindrical vessel of the same inside diameter as the air 
chamber and 23 in. +yzin. in inside length. In one end of the gasoline 


' Under the sta dardizati 
Goat ndardization procedure of the Society, this method is under the jurisdiction of the A.S.T.M. 
~ommittee D-2 on Petroleum Products and Lubricants. , 


for publication as tentative by Committee E-10 on Standards, August 22, 1935. 
(903) 
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up to al 
chamber an opening approximately 3 in. in diameter shall be provided for : the ; 
purposes of coupling with the air chamber. The nature of this opening (e) 
will depend upon the method of coupling employed. The other end of & in servi 
the gasoline chamber shall be completely closed. The gasoline chamber § te chec 
must drain completely when inverted and for this reason the top may be § 2nd co1 
slightly convex. stand t] 

(c) Method of Coupling Air and Gasoline Chambers.—Any method of 


‘coupling the air and gasoline chambers may be employed, for example, : Pressure 


3 


qu 
used sh 
45 folloy 


Gage Coupling 


shin 


Air Chamber 


2 fo 25" Inside diam. containe 
lor main 
Water B 

2 Mpple 5. 
bomb m 
x3 Bushing maintair 
Provi 
Gasoline Chamber provi 


Fic. 1.—Vapor-Pressure Bomb, Screw-Coupling Type. 


that the assembly shall be free from leaks under the conditions of te 
Responsibility for freedom from leaks rests with the user. | 

(d) Volumetric Capacity of Air and Gasoline Chambers.—The ratit 
the volume of the air chamber to the volume of the gasoline chamber si# 
be between the limits of 3.8 and 4.2. To determine the volume of the# | 
chamber, insert a }-in. plug in the gage coupling, invert the chamber,” “STANCE 
with water up to and including the portion of the coupling device attad® and L 
permanently to the air chamber and then carefully measure the volume 
water. To determine the volume of the gasoline chamber, fill with wate! 


tat thread, a union, or a clamp. The sole provision in this respect 


4 
A. 
(7) Gage 43 - 55 diam. 
q 
* | 
J 
9 
form 
4 
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to and including the portion of the coupling device attached permanen tly 
ty the gasoline chamber, and then carefully measure the volume of water. 

(e) Checking for Freedom from Leaks.—Before placing new apparatus 
a service and as often as necessary thereafter, the assembled bomb shall 
e checked for freedom from leaks by filling with air to 100-lb. gage pressure 
nd completely immersing in a water bath. Only apparatus which will 
and this test without leaking shall be used. 


Pressure Gage 


3. (2) The pressure gage shall be a Bourdon-type spring gage of test- 
rage quality 43 to 53 in. in diameter. The range of the pressure gage 
used shall be governed by the vapor pressure of the sample being tested 
28 follows: 


GaGE TO BE USED? 


VaPoR PRESSURE, NUMBERED INTERMEDIATE 

LB. PER SQ. IN. AT 100 F. ScaALE RANGE INTERVALS GRADUATIONS 
0 to 45 lb. 5 lb. 0.2 Ib. 


* A gage of 0 to 30-lb. range, 5-lb. numbered intervals and 0.2-lb. intermediate graduations may be used 
ot products of from 10 to 22-lb, vapor pressure. 


(b) Only accurate gages shall be continued in use. > - 


4. A cooling bath shall be provided of such dimensions that the sample 
ontainers and gasoline chambers may be completely immersed. Means ~ 
or maintaining the bath at a temperature of 32 to 40 F. shall be provided. 
Water Bath 

5. The water bath shall be of such dimensions that the vapor-pressure 
tomb may be immersed to the bottom of the pressure gage. Means for 
naintaining the bath at a constant temperature of 100 F. +0.2 F. shall 


be provided. 


6. The thermometer for measuring the water-bath temperature shall 
orm to the following requirements: 


pect Is PE: Etched stem, glass. 
test. Mercury 
‘NGE AND SUBDIVISIONS: Range 94 to 108 F., subdivisions in 0.2 F. 

ra LENGTH: 252 to 256 mm. (9.92 to 10.08 in.). 

©! 0 back, suitable thermometer tubing. Diameter, 6 to 7 mm. 
al in.). 

orning normal or equally suitable thermometric glass. 
the 2 Length, 25 to 35 mm. (1 0 to 1.4 in.). 
ber fl] Diameter, not less than 5 mm. (0.20 in.) and not greater than that of stem. 

er, NCE TO Lowest SPECIFIED GRADUATION FROM BotToM OF BuLB: 135 to 150 mm. 
ttache! 5.3 to 5.9 in.). 
lume d ‘NCE TO HIGHEST SPECIFIED GRADUATION FROM TOP OF THERMOMETER: 20 to 35 


mm. (0.8 to 1.4 in.). 


or | 
: 
Cooling Bath 
f 
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CONTRACTION CHAMBER: To be of long narrow type, top to be not more than 60 mm 
(2.36 in.) above bottom of bulb, mercury to stand in contraction chamber at 32 F. 

EXPANSION CHAMBER: To permit heating the thermometer 90 F. above highest temper 
ture on scale, and in all cases to permit heating to 212 F. 

FILLING ABOVE Mercury: Nitrogen gas. 

Top FrinisH: Glass ring. 

GRADUATION: All lines, figures and letters clear cut and distinct. The first and ¢ 

succeeding 1 F. line to be longer than the remaining lines. Graduations to ber 

bered at each multiple of 2 F. 

IMMERSION: ‘Total. 

SPECIAL MARKING: The A.S.T.M. Reid-vapor-pressure test point of 100 F. to be numbered 

in red, other graduations and figures in black. A serial number and the manufacturers 

name or trade mark shall be etched on the stem. 

ScaLE Error: The error at any point of the scale shall not exceed 0.2 F. 

STANDARDIZATION: The thermometers are to be standardized for the condition of t 

immersion. Correction for emergent stem shall not be applied. 

Case: Each thermometer shall be supplied in a suitable case on which shall appear t 

marking ‘‘A.S.T.M. Reid-Vapor-Pressure Thermometer.” 


Air Chamber Thermometer 
7. The thermometer for measuring the temperature of the air chamber 


shall conform to the following requirements: 
Type: Etched stem, glass. 
Liquip: Mercury. 


y 

TOTAL LENGTH: 254 to 305 mm. (10.0 to 12.0 in.). 
RANGE AND SUBDIVISIONS: Range—30 to + 120 F., subdivisions in | F. 
Stem: Plain front, enamel back, suitable thermometer tubing. Diameter, 6 to 7 
(0.24 to 0.28 in.). 
Bus: Corning normal or equally suitable thermometric glass. 

Length, not over 25 mm. (1.0 in.). 
IMMERSION: Total. 
_ScaLe Error: The error at any point of the scale shall not exceed 0.5 per cent of | 


scale range. 
Chilled Sampling Apparatus 

8. The chilled sampling apparatus shall consist of a bath of suffia 
size to accommodate both the sample container and a cooling coil formed 
}-in. outside diameter, No. 20 gage copper tubing. One end of the cool 
coil shall be provided with connections suitable for attaching to the t 
sampling connection and the other end shall be provided with a ; 
needle valve of good quality. For introducing the sample into the | 
tainer this valve shall have at its open end a removable tube of {-in. 
side diameter copper tubing of sufficient length to reach the bottom ol 
sample container. A bath of suitable design is shown in Fig. 2. 


Sample Containers and Transfer Connections 
9. The two types of containers for obtaining samples of gasoline 
vapor-pressure tests shall conform to the following general requiremet! 
_ The containers shall be at least one quart in size and of ample strengt' 
withstand the pressures to which they may be subjected. ‘The const 
tion shall be such that the containers may be easily and securely se 
Container openings in all cases shall be of a type which will permit ™ 
replacement of the cap, stopper, or plug with the connections provided! 
transferring samples to the gasoline chamber. . 
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(a) Open-T ype Containers——Containers classed as open-type con- 
winers shall be provided with a single opening. Such containers shall be 
ofa type which will readily permit sampling by immersion. 

The sample transfer connection for the open-type container shall con- 
ist of two tubes assembled in a replacement cap or stopper. One of these 
tubes, the air tube, shall extend to the bottom of the sample container. 
The second tube, the liquid-delivery tube, shall be flush with the inside face 
of the cap or stopper and shall extend beyond the cap or stopper for a 


Thermometer _ , Valve To Vessel Being Sampled 


| 


9 


Rs. 2.—Chilled Sampling Apparatus. 
sufficient length to reach to the bottom of the gasoline chamber in the 
sample-transfer operation. 

(b) Closed-Type Containers.—Containers classed as closed-type con- 
lainers shall be provided with two openings, one in each end or the equiva- 
lent thereof, fitted with suitable valves. 

The sample-transfer connection for the closed-type container shall 
‘onsist of a single tube with fittings suitable for connection to one of the 
openings of the sample container, the tube being of sufficient length to 
teach to the bottom of the gasoline chamber in the sample-transfer 


Operation. 
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SAMPLING 

10. The following general remarks apply to all sampling for Reid- 
vapor-pressure determinations. ‘The extreme sensitivity of vapor-pressure 
measurements to losses through evaporation and to slight changes in 
composition is such as to require the utmost precautions and the most 
meticulous care both in the obtaining and in the handling of samples to 
insure their being representative. Official samples shall be taken by, or 
under the immediate direction of, a person of judgment, skill and previous 
experience in sampling for vapor-pressure measuremeats. 
Sampling Open Tank Cars and Small Open Tanks 

11. Open-type sample containers shall be used for sampling open tank 
cars and small open tanks. The empty sample container shall first be 
immersed in the car or tank of liquid to be tested and allowed to fill while 
being lowered and raised through the liquid. The first filling is for the 
purpose of washing the container thoroughly. The container shall be 
emptied and then refilled. On this second filling the sample container 
shall be lowered and raised at such a rate that it will be nearly but not 
quite full when withdrawn. Enough of the contents shall be poured off 
immediately so that the portion remaining shall fill the sample container 
to not less than 70 per cent and not more than 80 per cent of its capacity 


The sample container shall be promptly sealed. 


Sampling Other Vessels 

12. For obtaining samples from other sizes or types of vessels than thos 
described in Section 11, the following general remarks apply: The methods 
of sampling, points of sampling, and number of samples shall be as agreed 
upon by the contracting parties but in all cases the procedure followed 
shall result in obtaining representative samples. Due to the sensitivity of 
this method of test to handling losses, compositing of samples to arrive at 
an average vapor pressure for the contents of large vessels shall not be 
permitted. 

(a) Sampling into Open Sample Containers—Open-type sample cot- 
tainers shall be used for obtaining samples from large open tanks and may 
be used for obtaining samples from closed or pressure tanks of all products 
included within the scope of this method. In both cases the containers 
shall be rinsed with the product to be sampled immediately prior to obtait- 
ing the sample. The container shall then be refilled. If necessary, enough 
of the contents shall be poured off immediately so that the portion remaining 
shall fill the sample container to not less than 70 per cent and not mort 
than 80 per cent of its capacity. The sample container shall be promptly 
sealed. The sampling shall be conducted under such conditions that the 
sample in the sample container is at a temperature of 32 to 40 F. for the 
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duration of sampling. If this requires the use of the chilled sampling 
equipment (Section 8 and Fig. 2), sufficient volume shall be wasted through 
the cooling coil to insure complete purging. During the sampling operation, 
the outlet valve (A, Fig. 2) shall be throttled so as to maintain a pressure - 
in the chilling coil equivalent approximately to that in the vessel being 
sampled. 

‘i Sampling into Closed-T ype Sample Containers.—Closed-type sample 
containers may be used for obtaining samples from closed vessels. The 
inlet valve of the container shall be connected to the sampling line from > 
the pressure vessel. During the sampling operation, the outlet valve of — 
the container shall be throttled so as to maintain a pressure in the con- 
tainer equivalent approximately to that in the vessel being sampled. The 
sample shall be drawn by allowing the product to flow through the 
sampling system until a volume equal to at least twice that of the sample 
container has been passed. Valves shall then be closed and the container 
disconnected. Enough of the contents shall be withdrawn immediately so 
that the portion remaining shall fill the sample container to not less than 
70 per cent and not more than 80 per cent of its capacity. Should the 
vapor pressure of the product be insufficient to force liquid from the con- 
tainer, it shall be permissible to open both valves to facilitate the with- 


drawal of the amount specified. The sample container shall be promptly a 
| sealed. 


Care of Samples 


13. Samples shall be put in a cool place as soon as possible after they 
have been obtained and held there until all tests have been completed. 
Samples in leaky containers shall not be considered for tests but shall 


ve discarded and new samples obtained. Se 
PROCEDURE 


Preparation of Apparatus 


14. If tests have been previously conducted in the apparatus to be 7 
used, the procedure prescribed in the following Paragraphs (a) to (c) shall 
be followed to prepare the apparatus for the next test. These operations 
até most conveniently done at the conclusion of each test. - 
_ (a) The air chamber, gasoline chamber and pressure gage shall be 
disconnected. 
(b) The pressure gage shall be purged of residual gasoline by directing — a 
4small jet of air into its Bourdon tube for at least 5 min. 
(¢) The air chamber shall be thoroughly purged of liquid gasoline 
and gasoline vapors by filling the air chamber with warm water (above 


am allowing it to drain, repeating the operation at least five times 
Note). 
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Note.—If this purging is done in a bath be sure to avoid small and unnoticeable 


films of floating gasoline by keeping the bottom and top openings of the air chamber closes or val 
as they pass through the surface of the water. Note) 
Saturation of Samples in Sample Containers . om 
15. Prior to the Reid-vapor-pressure determinations, the sample cor es no 
tainer shall be immersed in the cooling bath (Section 4) held at a temperature (g 
of 32 to 40 F. for a sufficient time to allow the liquid to reach the bath § 4.11 5 
temperature. The container shall then be unsealed for 5 sec., reseale be the 
shaken vigorously, and then returned to the bath. +t the 
Sample Transfer; “Initial Air Temperature”; Assembly have | 
16. (a) The air chamber shall be rinsed (see Note, Section 14 (¢ tempe: 
with clean water (temperature optional). - air ten 
(h 
Chilled Sample Chilled Gasoline Chamber ie 
Transfer Connection 
NO 
vapor-p 

N por 
SN WN WSS \ | upside 

: be re 
(a) (b) (c) 
Sample Container Sealing Closure Gasoline Chamber — Position of System for ae 

Prior to Transfer Replaced by Sample ——Placed Over Liquid Sample Transfer of the 

of Sample Transfer Connection Delivery Tube (c 
Fic. 3.—Simplified Sketches Outlining Method of Transferring Sample to Gasoline ( detern 

ber from Open-Type Containers. 

by the 
(b) The pressure gage shall then be attached to the air chamber. é 
(c) The air thermometer shall next be inserted in the air chamber ist ae 
_ three-fourths of its length. The bulb shall not be permitted to rest ont - su 
wall of the air chamber. , the 
(d) The gasoline chamber and the sample-transfer connection sha or 
chilled in the cooling bath. | 
(e) With everything in readiness the chilled sample container shall' 
removed from the bath, the cap, stopper or plug shall be removed and t hake, 
_ tase connection immediately attached to the sample container. be 
ns r 
Fig. 3.) 7 
(t) The chilled gasoline chamber shall then be placed over the samp shall 
delivery tube of the transfer connection. The entire system shall then* § 
rapidly inverted so that the gasoline chamber is finally in an upne® caus 
position with the delivery tube extending to within 3 in. of the bot oats 


_ of the gasoline chamber. In the case of closed type containers the val 


~ 


Ge 
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or valve) shall not be opened until the system has reached its final position _ 
Note). ‘The gasoline chamber shall be filled to overflowing. 
NoteE.—The valve on the sample-delivery tube should be opened first. If liquid 7 
| does not flow, it will be necessary to open the second valve. 
(g) The temperature of the air and water vapor in the air chamber 
shall be read. Since it is absolutely necessary that this temperature shall 
je the actual temperature of the air and water vapor in the air chamber 
at the time of final assembly (Paragraph (h)), the air thermometer shall 
have been in the air chamber (Paragraph (c)) at least 5 min. before the 
temperature is read. This temperature shall be recorded as the “initial 
air temperature.” 
(h) The air chamber with pressure gage attached (Paragraph (b)) shall — 
ie immediately attached to the gasoline chamber (Note). : 
Note.—If a threaded coupling is employed a little water-soluble grease or other low- | 
vapor-pressure lute on the threads will materially assist in making a tight connection. 
(i) The time interval between the operations prescribed in Para- _ 
sraphs (f), (g) and (h) shall be as short as possible. 


Vapor-Pressure Determination 
17. (a) The assembled vapor-pressure bomb shall then be = - 


upside down and shaken vigorously in this position. This operation shall 
be repeated several times. 

(b) The bomb shall then be righted and immersed up to the bottom — 
of the pressure gage in the water bath (Section 5). 

(c) The water bath shall be maintained throughout the vapor-pressure - 
letermination at a constant temperature of 100 F. +0.2 F. as determined 7 
vy the bath thermometer (Section 6) well immersed in the bath. 
_ (d) While the bomb is immersed in the bath, it shall be closely observed | 
lor leaks. Liquid leaks are much more difficult to detect than vapor leaks 
and since the much used coupling device is normally in the liquid section 
ol the apparatus it shall be given particular attention. When, at any 
lime in the course of the test, a leak is detected the test shall be discarded. 

(e) After 5 min. the bomb shall be withdrawn from the bath, inverted, 
shaken vigorously and replaced in the bath. Thereafter, at intervals of 
not less than 2 min., the bomb shall be withdrawn from the bath, inverted, 
shaken vigorously and replaced in the bath. This vigorous shaking shall 

performed quickly to avoid cooling the bomb and its contents. 

(f) Prior to each removal of the bomb from the bath, the gage reading 
shall be observed. The gage shall be tapped lightly prior to each reading. 

(s) These operations shall be continued for at least 20 min. to insure 
‘quilibrium. After this time if consecutive gage readings observed are 
Constant, the value of the readings shall be recorded as the “uncorrected | 
“Por pressure”’ of the sample under test. 
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of a mercury column. The correction thus determined shall be record 
as the “‘gage correction.” 


PRESSURES. 
_ CORRECTIONS IN POUNDS PER SQUARE INCH For Vs 
TEMPERATURES AS CALCULATED FOR NoRMAL Baromet 
IniT1AL TEMPERATURE,® PRESSURES OF: 
DEG. FAHR. 760 MM. 745 MM. 700 MM. 650 MM. 600 uu 
—1.0 —1.0 —1.0 —0.9 -09 
i (Pq — Pt)(t — 100) 
Correction Factor = 460 +12 — (Pio — Pr) 


where ¢ 


Pr 
Pro 
Pa 


* For intermediate air temperatures, the corrections should be interpolated to the nearest 0.1 Ib. per 


the air chamber temperature at beginning of test, deg. Fahr. 

the vapor pressure of water, Ib. per sq. in., at ¢ °F. 

the vapor pressure of water, lb. per sq. in., at 100 F. 

the normal barometric pressure in lb. per sq. in. at place where test is conduct 


Calculations 
18. (a) To calculate the “Reid vapor pressure” of the sample un 
test, the ‘uncorrected vapor pressure” (Section 17 (g)) must be correct 
for the pressure-gage error (Section 17 (#)) and for the change in the p 
between the ‘“ 
bath. Table I shows the corrections to apply for “‘initial air temperatures 


_ these corrections shall be recorded as the ‘Reid vapor pressure.” 


Example.—If the “uncorrected vapor pressure” is 11.6 Ib. and the mercury 0! 
reads 11.8 lb. when the gage reading is 11.6 lb. the “gage correction”’ is +0.2 lb. 
“initial air temperature” is 82 F. the correction (see Table I, Column 2) for air tem; 
ture is —0.9 lb. for Reid-vapor-pressure determinations at an atmospheric ya 
745 mm. The combined correction is —0.7 Ib. The “Reid vapor pressure” is !! 
- minus 0,7 Ib., or 10.9 Ib. 


(b) Because of the fact that the atmospheric pressure provided 's¢ 
_ tion 16 (h)) for in the air chamber counteracts the external atmosph 
pressure, the only pressure acting internally on the pressure gage is 


is the absolute vapor pressure of the liquid in pounds per square inch # 


(h) The pressure gage shall be immediately removed from the bom} 
and its reading at the “uncorrected vapor pressure” compared with that 


‘TABLE I.—CorrECTIONS TO CONVERT UNCORRECTED VAPOR PRESSURES TO REID Vapor 


sure of the water vapor and air in the air chamber due to the difference: 
initial air temperature” and the temperature of the wate 


ranging from 32 to 110 F. The value resulting from the application 0! 


absolute vapor pressure of the liquid in the bomb so that the gage readite 


100 F 
in pol 
surfac 
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\00F. For purposes of brevity the “ Reid vapor pressure” shall be recorded 
in pounds, without reference to temperature used in the test or to unit of 7 ; 
surface. 


Accuracy 


19. With proper care and attention to detail, duplicate results should 
not difler by more than 0.25 for gasolines having vapor pressures under 
12 lb. nor by more than 0.5 Ib.’ for other products. 
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‘TENTATIVE METHOD OF TEST 
FOR 4 
_ VISCOSITY BY MEANS OF THE SAYBOLT VISCOSIMETER' 
A.S.T.M. Designation: D 88-35 T 


_ This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1935. 
Scope 

1. (a) This method shall be used for determining the Saybolt viscosity 
of petroleum products and lubricants. 

(b) The Saybolt Universal Viscosimeter shall be used only for oils 
with times of flow of more than 32 sec. There is no maximum limit to 
viscosity to be measured by the Saybolt Universal Viscosimeter but, in 
general, liquids having an outflow time of the order of 1000 sec. and higher, 


Saybolt Universal, are tested more conveniently by means of the Saybolt 
Furol Viscosimeter. 

(c) The Saybolt Furol Viscosimeter shall be used only for oils with 
times of flow of more than 25 sec. The outflow time of the Furol (Note 
instrument is approximately one-tenth that of the Universal. 


Note.—The word “‘Furol” is a contraction of the phrase “fuel and road oils.” 


Apparatus 

2. The apparatus shall consist of an oil tube, bath, receiver, ther 
mometers, timer, and withdrawal tube, conforming to the requirements 
specified in the following Paragraphs (a) to (g): 

(a) Oil Tube.—The oil tube (illustrated in Fig. 1) shall be entirely 
of corrosion-resistant metal, with or without plating, and shall conform to 
the dimensional requirements shown in Table I within the permissible 
variations prescribed. ‘The lower end of the oil tube shall be provide 
with a nut for locking it in place in the bath and with a cork or other sult 
able device to prevent flow until the test is started. For convenience 4 
string or its equivalent may be attached to the cork for rapid removal. 

The oil tube shall be standardized, and any correction in excess 
0.2 per cent shall be applied. The time of flow shall be within +! 


1 Under the standardization procedure of the Society, this method is under the jurisdiction of the AST.» 
Committee D-2 on Petroleum Products and Lubricants. dopted 

This tentative method is in effect a tentative revision of, and is intended to ~~ when 4 rs 
standard, the p roducts and Lubnics 
(A.S.T.M. Designat 
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A.S.T.M, DESIGNATION: 


ent (Note 1) of the time as obtained with the National Bureau of Stand- 
ads’ master Saybolt oil tube (Note 2). 


Note 1.—For routine testing, oil tubes having corrections as high as +2 per cent may 
xe employed, provided, however, that any new oil tubes obtained after the adoption of 
‘his method shall not have corrections higher than +1 per cent. For referee testing, oil 
‘bes having corrections higher than +1 per cent shall not be employed. 

The oil tube may be standardized by any one of the following methods: 

(a) Determination of outflow time for American Petroleum Institute oil standard and 
application of appropriate correction to obtain established value for the oil 
standard. 

(b) Calibration by National Bureau of Standards subsequent to January 1, 1935. 

(c) Comparison with a tube certified by the National Bureau of Standards subse- 
quent to January 1, 1935, provided the tube shows no evidence of damage 
or injury since certification. 

Note 2.—This tube, conforming to the A.S.T.M. dimensional specifications, has 

outflow times calibrated against oil standards under the maintenance of the American 
Petroleum Institute Committee on Viscosity Standards. an es 


TABLE I.—DIMENSIONS OF O1L TUBES. 


Saybolt Universal Viscosimeter Saybolt Furol Viscosimeter 


7 Dimensions 
4 


Minimum, i Minimum, Maximum, 


Inside diameter of outlet tube 

(utside diameter of outlet tube at lower end 

length of outlet tube* 

ht of overflow rim above bottom of outlet tube*. . 

iameter of overflow rim, at the top%¢ 
of container® 

Depth of cylindrical part of container® 
of container between bottom of cylindrical 

part of container and top of outlet tube® 


* This dimension is identical in the Saybolt Universal and the Saybolt Furol instruments. 

’ The minimum value shall preferably be not less than 3.2 cm. : = - 

‘ be — of overflow rim shall be bounded by straight lines, except that a fillet is permissible at the junction with the 
atom of the gallery. 


b) Bath—The bath shall serve as a support to hold the oil tube in 
4 vertical position and as a container for the bath liquid. The bath shall 
ve equipped with a stirring device and with means for heating or cooling. 
The source of heat or refrigeration shall be more than 1} in. (3 cm.) from 
the oiltube. If an external heater is used it must be more than 2 in. (5 cm.) 
‘rom the oil tube. 
The bath temperature necessary to maintain thermal equilibrium (while 
the oil in the oil tube is well stirred by the oil-tube thermometer) shall be 
vithin +0.1 F. (0.06 C.) of the standard temperatures of 70 F. (21.1 C.) 
t77 F. (25 C.) or shall not exceed 100.25, 122.35, 130.5, 141.0, 181.5 or 
120 F. (37.9, 50.2, 54.7, 60.6, 83.1 or 100.0 C.), respectively, for the 
tandard temperatures mentioned in Section 3. The level of the bath 
‘quid shall not be lower than 3 in. (0.5 cm.) above the overflow rim of the 
ik tube. For referee testing the bath liquid must be one which in the bath 
*d will meet the preceding bath-temperature conditions (Note). 
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Note.—These temperature requirements can be met with water, aqueous solutions 
and some baths with oil. In routine testing oil is generally used as the bath mediym. 
This is allowable provided the temperature of the oil bath is adjusted so that the necessary 
condition of thermal equilibrium is maintained. It may be necessary to maintain the oj! 
bath at slightly higher temperatures than those specified in the preceding paragraph. 
Temperature differentials between oil bath and oil tube necessary to maintain thermal 
equilibrium may be double those given above. 


(c) Receiver.—The receiving flask (see Fig. 2) shall be of glass with a 
capacity up to the graduation mark on its neck of 60 ml. + 0.05 ml. at 68 
F. (20 C.). At the graduation mark, the inside diameter of the neck of the 
flask shall be 1 cm. + 0.1 cm. The cylindrical portion of the neck of the 


Overflow 
Rim... 
Liquid_in Bath 


Gallery to be Drained 
before Starting Flow 


/cm.t Olem 
Inside Diameter 
at Graduation Mark 


03cm, min, 


O3cm,min 


< ~-58cem. 


UA. Universal 
Outlet 
Tube 


--Less than 


Elevation 
of Flask. 


to Start Flow 


Fic. 1.—Sectional View of Fic. 2.—Receiving Flask. 
- _ _ Standard Oil ‘Tube. This type of flask is recommended 


as convenient and durable.) 


flask shall extend not less than 0.3 cm. above and below the graduatio! 
mark. ‘The graduation mark shall be 5.8 cm. + 1.0 cm. above the bottot 
of the flask. The maximum outside diameter shall be less than 5.5 @ 

(d) Oil-Tube Thermometers.—The oil-tube thermometers shall 
form to the following requirements. They shall include two sets of sit 


thermometers each, one set being graduated in Fahrenheit degrees and the 
other in Centigrade degrees, the ranges being chosen to include the te™ 
peratures commonly used in testing. To prevent contact of the ther 
mometer with the orifice in the oil tube a suitable support shall be attac™ 


to the enlargement of the thermometer stem. 
| 
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Type: Etched stem, glass. 
Liguip: Mercury. 
RANGES AND SUBDIVISIONS: 
Range 66to 80 F., subdivisions in 0.2 F. for tests at 70 and 77 F. 
94 to 108 F., a a“ “ “ 100 F. 


120 to 134 F., “ «“ “ 122 and 130 F. 
134 to 148 F., “ 140 

“ 174 to 188 F., a“ a “ 180 F. 

“ 204 to 218 F., “ “ “ 210 F. 


or 
Range 19 to 27 C., subdivisions in 0.1 C. for tests at 21.1 and 25 C. 
“ 50 and 54.4 C. 
C 


“ 
“ “ “ 
“ 
“ 


49 to 
57 to a 
79 to $2.2C. 
95 to 103 C., * C. 
ToraL LENGTH: 252 to 256 mm. (9.92 to 10.08 in.). 
Stem: Plain front, enamel back, suitable thermometer tubing. Diameter, 6 to 7 mm. 
(0.236 to 0.275 in.). The stem shall be made with an enlargement not less than 4 
nor more than 7 mm. (0.16 to 0.28 in.) in length, having a diameter 2 to 3 mm. (0.08 
to 0,12 in.) greater than that of the stem, the bottom of the enlargement being 114 
mm. (4.5 in.) above the bottom of the bulb. 
Bus: Corning normal or equally suitable thermometric glass. 
Length, 25 to 35 mm. (1.0 to 1.4 in.). 
Diameter, not less than 5 mm. (0.197 in.) and not greater than that of stem. 
wr TO LOWEST SPECIFIED GRADUATION FROM Bottom OF BuLzB: 135 to 150 mm. 
5.3 to 5.9 in.). 
DistaNCcE TO HIGHEST SPECIFIED GRADUATION FROM TOP OF THERMOMETER: 20 to 35 
mm, (0.8 to 1.4 in.). 
ConTRACTION CHAMBER: ‘To be of long narrow type, top to be not more than 60 mm. 
bor” above bottom of bulb, mercury to stand in contraction chamber at 32 r. : 
EXPANSION CHAMBER: ‘To permit heating the thermometer 90 F. (50 C.) above highest 
temperature on scale, and in all cases to permit heating to 212 F. (100 C.). 
PILLING ABOVE Mercury: Nitrogen gas. 
lop Finisu: Glass ring. 
URADUATION: All lines, figures and letters clear cut and distinct. They shall be in black 
except for the special markings below. ‘The first and each succeeding 1 F. or 0.5 C. 


line to be longer than the remaining lines. Graduations to be numbered at ee 
multiple of 2 F. or 1 C. 
IMMERSION: Total. 
SPECIAL MARKING: The test temperatures specified in Section 3 shall be shown in full at 
the appropriate points on the thermometer scale; the graduations corresponding to 
the test temperatures and the numbers to be in red. A serial number and the manu- 
._facturer’s name or trade mark shall be etched on the stem. : 
*ALE Error: The error at any point of the scale shall not exceed 0.2 F. (0.1 C.). : 
*TANDARDIZATION : The thermometers are to be standardized for the condition of tosh 
~,mmersion. Correction for emergent stem shall not be applied. é 
‘ASE: Each thermometer shall be supplied in a suitable case on which shall appear the 
marking, “A.S.T.M., Saybolt Viscosimeter Thermometer” and the range. 


Nore.—F or the purpose of interpreting these specifications the following definitions 


The total length is the over-all length of the finished instrument. 
= diameter is that measured with a ring gage. : 


€ length of the bulb is the distance from the bottom of the bulb to the beginning 
Th of the enamel backing. 
e 


top of the thermometer is the top of the finished instrument. 


(e) Bath Thermometers.—Oil-tube thermometers, or other means for 
oo temperature of at least equal accuracy, shall be used in the 
ath, 
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({) Timer.—The stop watch or other timing device used shall be 
graduated in divisions of 0.2 sec. or less, and shall be accurate to within 0.1 
per cent when tested over a 60-min. period (Note). 

Note.—Electrical timing devices are permissible provided they are accurate and cap. 


able of being read to 0.2 sec. Timing devices actuated by synchronous motors shall te 
used only on electric circuits of controlled frequency. 


(g) Withdrawal Tube.—The tube or pipette used for draining the 
gallery shall have a smooth tip of about 3 mm. outside diameter and about 
2 mm. inside diameter. 


Temperature of Testing 
. 3. (a) With the Saybolt Universal Viscosimeter, determinations shall 
be made at 70, 100, 130 or 210 F. (21.1, 37.8, 54.4 or 98.9 C.). 
(b) With the Saybolt Furol Viscosimeter, determinations shall be 
made at 77, 100, 122 or 210 F. (25, 37.8, 50 or 98.9 C.). In tests on road 


and paving materials, determinations may also be made at 140 and 180! 
(60 and 82.2 C.). 


Procedure 


4. (a) Viscosity determinations shall be made in a room free from 
drafts and rapid changes in temperature. For standardization and referee 
tests the room shall be between 68 and 86 F. (20 and 30 C.) and the actual 
temperature shall be recorded. For routine tests, temperatures up to 
100 F. may be employed without introducing errors in excess of 1 per cent 
Determinations shall not be made at temperatures below the dew poitl! 
of the atmosphere surrounding the instrument. 
(b) The oil tube shall first be cleaned with an effective solvent, such 
_ as benzol, and excess solvent shall be removed from the gallery. 
(c) All oil shall be passed through a 100-mesh wire strainer before it 
is introduced into the oil tube. After the tube is cleaned, a quantity 0! 
the oil to be tested, sufficient to wet the entire surface of the tube, shall! 
poured into the tube and allowed to drain out (Note). The cork stoppé 
shall be inserted not less than } in. nor more than in. into the lower ¢ 
of the air chamber at the bottom of the oil tube. The cork shall fit tight!) 
enough to prevent the escape of air, as evidenced by the absence of oil 0 
the cork after it is withdrawn. 


Note.—The plunger commonly supplied with the viscosimeter shall never be us 
_ instruments maintained as standards. 


(d) If the test temperature is above that of the room, the oil shall 
heated to not more than 3 F. (1.7 C.) above the temperature of test an¢” 
the temperature is below that of the room, the oil shall be cooled to! 
more than 3 F. (1.7 C.) below the temperature of test. The oil shall! 
poured into the oil tube until it ceases to overflow into the gallery. The 
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_A.S.T.M. DeEsicnation: D 88-35 T 
in the oil tube shall be kept well stirred with the oil-tube thermometer, 
care being taken to avoid hitting the outflow tube. The bath temperature . 
shall be adjusted until the oil temperature remains constant. After thermal 
equilibrium has been attained no further adjustments shall be made in 
the bath temperature. The test results shall be discarded if the indicated 
bath temperature varies by more than +0.05 F. (0.03 C.) in tests at 70, 
77, 100, 122 and 130 F. (21.1, 25, 37.8, 50 and 54.4 C.) or by more than 
+0.10 F. (0.06 C.) in tests at 140, 180 and 210 F. (60, 82.2 and 98.9 C.). 

(e) After the temperature of the oil in the oil tube has remained constant 
within 0.02 F.(0.01C.) of the desired temperature for 1 min. with constant 
stirring, the oil-tube thermometer shall be withdrawn and the surplus oil 
removed quickly from the gallery by means of the withdrawal tube so 
that the level of the oil in the gallery is below the level in the oil tube proper. 
The tip of the withdrawal tube shall be inserted at one point in the gallery. 
The test shall be started over again if the tip of the withdrawal tube touches 
the overflow rim (see Fig. 1). Under no conditions shall the excess oil be 
removed by rotating the withdrawal tube around the gallery. 

(f) The receiving flask shall be placed in position so that the stream of 
oil from the outlet tube will strike the neck of the flask. The graduation 
mark on the receiving flask shall be not less than 10 cm. or more than 13 
cm. from the bottom of the bath. The cork shall be snapped from its 
position and at the same instant the timer shall be started. The timer 
shall be stopped when the bottom of the meniscus of the oil reaches the 
mark on the neck of the receiving flask. 


Reporting Results 


5. The time in seconds as determined by the prescribed procedure, 
with the proper calibration correction, is the Saybolt Universal (or Saybolt 
Furol) viscosity of the oil at the temperature at which the test is made. 
Results shall be reported to the nearest 0.1 sec. for viscosity values below 
200 sec. and to the nearest whole second for values 200 sec. or above. 


Accuracy 
6. With proper attention to details of method of procedure, results in 


different laboratories with different operators under referee or standard- 
vation conditions of testing, should not differ by more than 0.5 per cent. 
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AMERICAN TENTATIVE STANDARD 
AS.A. No.: Z11.28-1935 


TENTATIVE DEFINITIONS OF TERMS RELATING TO 


PETROLEUM! 
A.S.T.M. Designation: D 288 35 T 


This is a Tentative Standard and under the Regulations of the Society i is subjec 
to annual revision. Suggestions for revision should be addressed to the Head 
_ quarters of the Society, 260 S. Broad St., Philadelphia, Pa. : 7 


IssuED, 1928; REVISED, 1931, 1935.2 
_ These definitions have been approved as 


AMERICAN TENTATIVE STANDARD 
_ by the American Standards Association 


_ Benzine.—This term is archaic and misleading and should not be used. 


Crude Petroleam—A naturally occurring mixture, consisting pre- 
dominantly of hydrocarbons, and/or of sulfur, nitrogen and/or 
_ oxygen derivatives of hydrocarbons, which is removed from the 

in liquid state or is capable of being so removed. 
Note.—Crude petroleum is commonly accompanied by varying quantities 
of extraneous substances such as water, inorganic matter and gas. The re- 
moval of such extraneous substances alone does not change the status of the 
mixture as crude petroleum. If such removal appreciably affects the compo- 
sition of the oil mixture, then the resulting product is no longer crude petroleum. 
Crude Shale Oil.—The oil obtained as a distillate by the destructive 

distillation of oil-shale. 


End Point.—The highest temperature reading observed on the dis- 
tillation thermometer during the distillation procedure con- 
ducted in accordance with the Standard Method of Test for 
Distillation of Gasoline, Naphtha, Kerosine, and Similar Petro- 

_ leum Products (A.S.T.M. Designation: D 86) and the Standard 

_ Method of Test for Distillation of Natural Gasoline (A.S.T.M. 

Designation: D 216) of the American Society for ‘Testing 
Materials. 

Engine Distillate—A refined or unrefined petroleum distillate similar 
to naphtha, but often of higher distillation range. 

Fuel Oil.—Any liquid or liquefiable petroleum product burned for the 
generation of heat in a furnace or firebox, or for the generation 
of power in an engine, exclusive of oils with a flash point below 

100° F., Tag closed tester, and oils burned in cotton or wodl- 
wick burners. Fuel oils in common use fall into one of four 


1 Under the standardization procedure of the Society, these definitions are under the jurisdiction 
of the A.S.T.M. Committee D-2 on Petroleum Products and Lubricants. 
? Latest revision accepted by Committee E-10 on Standards, August 22, 1935. 
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classes: (1) residual fuel oils, which are topped crude petro- 
leums or viscous residuums obtained in refinery operations; 
(2) distillate fuel oils, which are distillates derived directly or 
indirectly from crude petroleum; (3) crude petroleums and 
weathered crude petroleums of relatively low commercial value; 
(4) blended fuels, which are mixtures of two or more of the 
three preceding classes. 


Gas Oil.—A liquid petroleum distillate having a viscosity intermediate _ . 
between that of kerosine and lubricating oil. a 7 


Note.—It should be understood that oils, other than gas oil as defined Yy 
above, may be and are used in the manufacture of gas. 


Gasoline.—A refined petroleum naphtha which by its composition is _ 
suitable for use as a carburant in internal combustion engines. 


Kerosine.—A refined petroleum distillate having a flash point not 
below 73° F. (23° C.), as determined by the Abel Tester (which 
is approximately equivalent to 73° F. (23° C.) as determined by 
the Tag Closed Tester, A.S.T.M. Standard Method D 56) and 
suitable for use as an illuminant when burned in a wick lamp. 


Note.—In the United States of America local ordinances or insurance 
regulations require flash points higher than 73° F. (23° C.), Tag Closed Tester. 


Oil-Shale-—A compact rock of sedimentary origin, with an ash con- | 
tent of more than 33 per cent and containing organic matter -_ 
that yields oil when destructively distilled but not appreciably . 
when extracted with the ordinary solvents for petroleum. 


Petroleum Lubricating Grease.—A combination of a petroleum product 


and a soap or a mixture of soaps, suitable for certain types of 
lubrication. 


Petroleum Naphtha.—A generic term applied to refined, partly refined 
or unrefined petroleum products and liquid products of natural 
gas, not less than 10 per cent of which distills below 347° F. 
(175° C.) and not less than 95 per cent of which distills below 
464° F. (240° C.), when subjected to distillation in accordance 
with the Standard Method of Test for Distillation of Gasoline, 
Naphtha, Kerosine, and Similar Petroleum Products (A.S.T.M. 
Designation: D 86) of the American Society for Testing Materials. 

Note.—The “naphthas” used for specific purposes such as cleaning, 
manufacture of rubber, manufacture of paints and varnishes, etc., are made 


to conform to specifications which may require products of considerably greater — 
volatility than that set by the limits of this generic definition. 
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Petroleum Spirits (White Spirits).—A refined petroleum distillate with 
a minimum flash point of 70° F. (21° C.) determined by the Tag 
Closed Tester in accordance with the Standard Method of Test 
for Flash Point of Volatile Flammable Liquids (A.S.T.M. Designa- 
tion: D 56) of the American Society for Testing Materials or 
by the Abel Tester, with volatility and other properties making 
it suitable as a thinner and solvent in paints, varnishes and 
similar products. 


Norte.—The term “turpentine substitute” as applied to petroleum spirits 
is to be condemned as false and misleading. The term “mineral spirits” 
which is frequently used in the paint and varnish industry is a misnomer as 
it includes within its scope not only petroleum products, but other hydrocarbon 
mixtures, such as coal-tar distillates. In Great Britain the term “‘ petroleum 
spirits” is applied to a very light hydrocarbon mixture having a flash point 
below 32° F. (0° C.). 


Pitch.—This term shall not be applied to petroleum products. 
Tar.—This term shall not be applied to petroleum products. 


Topped Crude Petroleuam.—A residual product remaining after the 
removal, by distillation, or other artificial means, of an appreci- 
able quantity of the more volatile components of crude petroleum. 


F Tops.—The unrefined distillate obtained in topping a crude petroleum. 


Weathered Crude Petroleam.—The product resulting from crude petro- 
leum through loss, due to natural causes, during storage and 
handling, of an appreciable quantity of the more volatile com- 
ponents. 
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AMERICAN ASSOCIATION STATE 
HIGHWAY OFFICIALS STANDARD 
A.A.S.H.O. No.: T-59 


TENTATIVE METHODS OF TESTING EMULSIFIED 
ASPHALTS'! 


A.S.T.M. Designation: D 244-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Head- 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


ISSUED, 1926; REVISED, 1928, 1933, 1934, 1935. 
Scope 
1. These methods are intended for the examination of asphalt 


emulsions composed, principally, of a semisolid or liquid asphaltic 
base, water and an emulsifying agent. 


2. The viscosity of emulsified asphalt shall be determined by 
means of the Saybolt Furol viscosimeter. 


3. The following apparatus will be required: 

(a) Viscosimeter.—A Saybolt Furol viscosimeter conforming to the 
requirements specified in the Standard Methods of Test for Viscosity 
of Petroleum Products and Lubricants (A.S.T.M. Designation: D 88) 
of the American Society for Testing Materials.’ 

(b) Sieve——A No. 20 sieve of the U. S. Standard Sieve Series, of 
iron wire cloth, framed or unframed, optional, conforming to the re- 
quirements of the Standard Specifications for Sieves for Testing Pur- 
poses (A.S.T.M. Designation: E 11) of the American Society for 
Testing Materials.* 


Procedure 


4. (a) The viscosity determination shall be made at 77 F. (25 C.) 
and shall be expressed in seconds, Saybolt Furol, being the time in 
seconds for the delivery of 60 ml. of emulsion. 

(b) While the Saybolt Furol viscosimeter is not used for petroleum 
products and lubricants when the time of flow is less than 25 sec., 


‘Under the standardization procedure of the Society, these methods are under the joint juris- 


* tion of A.S.T.M. Committee D-4 on Road and Paving Materials and Committee D-8 on Bituminous 
sterproofing and Roofing Matecia’s 


*1933 Book of A.S.T.M. Standards Part II, p. 880. 
* Ibid., p. 1244, 
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this instrument is satisfactory for testing emulsified asphalt when the 


time of flow is not less than 20 sec. cove 
(c) Preparation of Sample—The sample shall be stirred thor § *™ 

oughly without incorporating bubbles in it and then poured intw a 
4-0z. bottle. The bottle shall then be placed in the water bath at in t 
77 F. (25 C.) for 30 min. and the sample then mixed in the bottle by from 
inverting several times, slowly enough to prevent bubble formation. 

The sample shall then be poured into the viscosity tube through a appl 
20-mesh strainer, allowing a small portion to flow through the outlet buns 
tube to waste. ‘The cork shall then be placed in position, the tube cond 
filled and without again stirring the sample the viscosity shall be 
determined as described in the Standard Methods of Test for Vis- 

cosity of Petroleum Products and Lubricants (A.S.T.M. Designation: 

D 88) of the American Society for Testing Materials. 1 

DISTILLATION 

Apparatus 

5. The following apparatus will be required: 

(a) Iron Still—The iron still shall be approximately 6 by 3} in. 

in inside diameter with adjustable ring burner with holes on the inner 
periphery to fit around the outside of the still. 

Note.—A modification of this still is shown in Fig. 2. It consists of the regular P 
still with an expansion chamber superimposed thereon. ‘Two additional ring burners mg Bur 
are required, one approximately 6 in. in inside diameter with the holes bored on the CP 
inside periphery, and one approximately 2 in. in diameter with the holes bored on top. 

(b) Connecting Apparatus——A connecting tube, tin shield, con- 
denser trough, condenser tube and graduated cylinder, as shown in 
Fig. 1. 
(c) Thermometer—A thermometer graduated from 30 to 580 f _ 
(0 to 300 C.), conforming to the requirements of the Low-Distillation | 
Thermometer specified in the Standard Method of Test for Distilla 
tion of Gasoline, Naphtha, Kerosine, and Similar Petroleum Products | 
(A.S.T.M. Designation: D 86) of the American Society for Testing the si 
Materials.? the p 
Note.—The details of the assembly of apparatus for the distillation test 4 way 
illustrated in Fig. 1. 
Procedure 
6. (a) Exactly 200 g. of a wil mixed and representative sample neces 
of the emulsion shall be placed in the previously weighed iron sti! | 
(including lid, clamp, thermometer and gasket, if gasket is used). temp 
1 1933 Book of A.S.T.M. Standards, Part II, p. 880. Scribe 


21935 Supplement to Book of A.S.T.M. Standards, p. 177. 
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(b) A gasket of oiled paper may be used between the still and its 
cover or the joint ground to a tight fit. The cover shall be clamped 
securely on the still. 

(c) The thermometer shall be inserted through the small hole 
in the cover, using a cork stopper, so that the end of the bulb is } in. 
from the bottom of the still. 

(d) The ring burner shall be placed around the still and the heat 
applied by this means to the top of the still. Just enough heat from a 
bunsen burner shall also be applied to the connecting tube to prevent 
condensation of water in this tube. 


a 
Detail of Lid for Still 


Glass to glass joint 


/ with rubber tubing Detail of Tin Shield 


(of 
Shield 


= 3 
Ang Burmer-] 


Fic. 1.—Apparatus Assembly for Distillation Test of Emulsified Asphalts. 


(e) After practically all the condensate has been removed from 
the still and the temperature of the residue has reached 250 F. (121 C.), 
the position of the heat from the ring burner shall be lowered to mid- 
way of the still and held there until the thermometer reaches 349 F. 
(176C.). The burner shall then be rapidly lowered to within } in. of 
the bottom of the still and the temperature increased to and main- 
tained at 500 F. (260 C.) for 15 min. This latter period of heating is 
necessary to insure a smooth homogeneous residue in the still. 

(f) At the expiration of the heating period at the maximum 
temperature, the still and accessories shall again be weighed as de- 
‘ctibed in Paragraph (a) and the percentage residue calculated and 
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reported. The cover shall then be removed from the still and suitable 
portions of the residue shall be poured immediately into suitable molds 
and containers for making the required tests. The residue in the 
molds and containers shall be permitted to cool, uncovered, to labora- 
tory room temperature and thereafter tested as described in Sec- 
tions 26 to 30, inclusive. 

Note.—When it appears impossible to distill an emulsified asphalt in the stil] 


described in Section 5 (a) due to excessive foaming of the emulsion, then the modified 
still shown in Fig. 2 should be substituted for the still shown in Fig. | and the 
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FIG. 2.—Iron Still for Use with Badly Foaming Emulsions. 


following procedure followed: Place the 6-in. burner around the larger diameter of 
the still near its top. This serves asasupport. Place the 4-in. burner immediately 
beneath the flare and the 2-in. burner not less than 2 in. below the bottom 
Distillation is started with only the 2-in. burner lighted. Practically all of the 
distillate should be over in about 45 min. When the distillation apparently stops, 
light the two larger ring burners and adjust to a low flame. Distillation resum® 
and when it stops again increase the heat by adjusting the flame of the 2-in. burn. 
When the temperature can be read upon the thermometer, increase the rate 
heating by raising the flame on both the 2 and 4-in. burners and bring the temperatutt 
to 500 F. (260 C.). 
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If any evidence is noted of the emulsion beginning to foam over in the delivery 
tube, remove the 2-in. burner quickly and raise a pan of water so as to immerse the 
still bottom to a depth of about 2 in. for a moment which will check the foaming. 


Upon resumption of heating watch delivery tube carefully and repeat treatment 
if necessary. 


When the residue has reached and remained at 500 F. (260 C.) for 15 min., 
proceed as described in Section 6 for the regular still. While the distillation should 
be completed in not less than 1 hr. nor more than 1} hr. from the first application of 
heat to the still, the maximum stated is not mandatory as a longer time may be 
required in some cases to avoid foaming of the emulsion into the condenser. 

If the residue in the still prior to pouring the ductility and penetration specimens 
appears granular or heterogeneous in any way, stir with a spatula until the material 
runs from the spatula in strings instead of drops, and then pour. Should the residue 
then appear granular and heterogeneous, the test shall be rejected and the distillation 
repeated as previously described with the exception that the still temperature at 
500 F. (260 C.) shall be maintained for a longer time than 15 min. until the desired 
condition of the residue is obtained. 


DETERMINATION OF Waren 
Scope 


7. This method of test determines water existing in a sample of 
bituminous emulsion by distilling the sample with a volatile solvent. 


Apparatus 


8. (a) The apparatus shall consist of a metal still or glass flask, 
heated by suitable means and provided with a reflux condenser dis- 
charging into a trap connected to the still or flask. The trap serves 
to collect and measure the condensed water and to return the solvent 
to the still. The type of distilling apparatus used is not an essential 
feature of this method. 

(b) Metal Still—The metal still, Fig. 3 (a), shall be a vertical 
cylindrical vessel, preferably of copper, having a faced flange at the 
top to which the head is tightly attached by means of aclamp. The 
head shall be of metal, preferably of brass or copper, and be provided 
with a tubulation 1 in. in inside diameter. 

(c) Glass Still—The glass flask, Fig. 3 (6), shall be of the short 
neck, round-bottom type, made of well-annealed glass, having an 
approximate capacity of 500 ml. 

(d) Heat Source.—The burner used with the metal still shall be 
a ring gas burner 100 mm. (4 in.) in inside diameter. With the glass 
flask, an ordinary gas burner or electric heater may be used as the 
source of heat. | 

Condenser.—The condenser shall be of the water-cooled, ree 
flux, glass-tube type, having a condenser jacket not less than 400 mm. 
(152 in.) in length with an inner tube 9.5 to 12.7 mm. (3 to } in.) ~ 
outside diameter. The end of the condenser to be inserted in the 
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trap shall be ground off at an angle of 30 deg. from the vertical axis 
of the condenser. 

({) Trap.—The trap shall be made of well-annealed glass con- 
structed in accordance with Fig. 3 (c) and shall be graduated from 
0 to 25 ml. ‘The tube shall be graduated from 0 to 2 ml. in 0.1 ml., 

from 2 to 5 ml. in 0.2 ml., and from 5 to 25 ml. in 0.5 ml. The out- 
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(400mm.) 
(400 mm.) 
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90 to 100 mm. = Ly in. 
. 230 to 250mm.= 3 to 93 in. 
H-(inside diameter) 22 to 24mm.= § to @ in. 


(6) 


Fic. 3.—Apparatus for Determining Water. 


_ side diameters should be preferably 2.5 to 3.5 mm. (3; to } in.) greater 
than the inside diameters specified 


9. The solvent used when testing bituminous emulsions shall be 

a coal-tar naphtha or a light oil and shall conform to the following 

_ distillation requirements, determined in accordance with the Stand- 
ard Method of Test for Distillation of Gasoline, Naphtha, Kerosine, 
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and Similar Petroleum Products (A.S.T.M. Designation: D 86) of 
the American Society for Testing Materials:! 


98 per cent shall distill between 248 F. (120 C.) and 482 F. (250 C.). oe 
Sample 


10. The sample shall be thoroughly representative of the ma- 
terial to be tested and the portion of the sample used for the test shall 
be thoroughly representative of the sample itself. Deviation from 
this requirement shall not be permitted. 


Note.—The difficulties in obtaining proper representative samples for this 


Procedure 


11. (2) When the material to be tested contains less than 25 per 
cent of water, exactly a 100-g. sample shall be placed in the still or 
flask. When the material contains more than 25 per cent of water, 
the sample shall be 50 g. The sample to be tested shall be thoroughly 
mixed with an equal volume of solvent by swirling, proper care being 
taken to avoid any loss of material. 

(b) The connections between the still or flask, trap and con- 
denser shall be made by means of tight-fitting corks as shown in 
Fig.3 (a) and (b). The end of the condenser inserted in the trap shall 
be adjusted to that position which will allow the end to be submerged 
toa depth of not more than 1 mm. (0.04 in.) below the surface of the 
liquid in the trap after distillation conditions have been established. 
When the metal still is used, a heavy paper gasket moistened with 
the solvent shall be inserted between the lid and flange before attach- 
ing the clamp. A loose cotton plug shall be inserted in the top of 
the condenser tube to prevent condensation of atmospheric moisture 
in the condenser tube. 

(c) Heat shall then be applied and so regulated that the con- 
densed distillate falls from the end of the condenser at the rate of 
from 2 to 5 drops per sec. ‘The ring burner used with the metal still 
shall be placed about 3 in. above the bottom of the still at the begin- 
ung of the distillation and gradually lowered as the distillation 
proceeds. 

(d) The distillation shall be continued at the specified rate until 
no water is visible on any part of the apparatus except at the bottom 
of the trap. This operation usually requires less than 1 hr. A per- 
‘istent ring of condensed water in the condenser tube shall be removed 
by increasing the rate of distillation for a few minutes. 


‘1935 Supplement to Book of A.S.T.M. Standards, p. 177. a 
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Calculation and Reporting of Results _ 

12. The volume of condensed water measured in the trap at 
room temperature multiplied by 100 and divided by the weight of 
sample used, shall be the percentage of water and shall be reported 
per cent water by weight, A.S.T.M. method.” 


Accuracy 

13. The accuracy to be expected with this method is that dupli- 
cate determinations of water should not differ from each other by more 
than one division on the trap. 

SETTLEMENT 
Apparatus 

14. The following apparatus will be required: 

(a) Cylinders—Two glass cylinders of 500-ml. capacity with 
pressed or molded glass base and cork or glass stoppers. The out- 
side diameter shall be 5.0 cm. +0.5 cm. and the cylinders shall be 
graduated at each 5-ml. interval to the 500-ml. mark. 

(b) Glass Pipette-——A syphon, glass tube pipette, 60-ml. capacity, 
form optional. 


Procedure 

15. (a) A 500-ml. sample, representative of the emulsion, shall be 
placed in each of two glass cylinders. The cylinder shall be stoppered 
air-tight and stood aside unmolested, at laboratory air temperature for 
5 days. After standing for this 5-day period, approximately the first 
55 ml. of emulsion shall be removed by means of the pipette or syphon 
from the top of each cylinder without disturbing the balance of their 
contents. Exactly 50 g. of each of the two samples, after each has 
been thoroughly mixed separately, shall be weighed into separate 
600-ml. low-form glass beakers and the asphaltic residue determined 
by evaporation at 325 F. (163 C.) for 3 hr. in the apparatus described 
in the Standard Method of Test for Loss on Heating of Oil and 
Asphaltic Compounds (A.S.T.M. Designation: D 6) of the American 
Society for Testing Materials." 

(b) After removal of the first sample, approximately the next 
390 ml. shall be syphoned off from each of the cylinders. The residue 
remaining in the cylinders shall be mixed thoroughly and exactly 50. 
shall be weighed out from each of them and the amount of asphaltic 
residue (all sediment, if any, included) shall be determined by evapora 
tion as described in Paragraph (a) for the two top samples. 

(c) The numerical difference between the average percentage of 
asphaltic residue from the two top samples and the average percentagt 
found in the two bottom samples shall be recorded. — 


11933 Book of A.S.T.M. Standards, Part II, p. 962. 
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DEMULSIBILITY 
Apparatus and Reagents 


16. The following apparatus and reagents will be required: 

(a) Sieves—Three No. 14 sieves of the U. S. Standard Sieve 
Series, of iron wire cloth, unframed, approximately 5-in. square, con- 
forming to the requirements of the Standard Specifications for Sieves 
for Testing Purposes (A.S.T.M. Designation: E 11) of the American 
Society for Testing Materials. 

(b) Beakers.—Three glass beakers of 600-ml. capacity each. 

(c) Glass Rods.—Three glass rods, rounded ends, approximately _ 
in. in diameter. 

(d) Burette—A 50-ml. glass burette graduated in 0.1 ml. 

(e) Calcium Chloride Solution (0.02 N). — 

(f) Calcium Chloride Solution (0.10 N). 


Procedure 


17. (a) The percentage of residue shall be determined by dis- 7 
tillation as described in Section 6. 

(b) The weight of each assembly of beaker, rod and sieve shall be 
recorded. 

(c) Exactly 100 g. of the emulsified asphalt shall be weighed into 
each of three 600-ml. tared beakers. Over a period of approximately — 
2 min., 35 ml. of 0.02 N CaCl, solution (if quick-setting emulsion is ~ 
being tested) or 50 ml. of 0.10 NV CaCl, solution (if mixing type emul- 
sion is being tested) shall be added to each beaker from a burette. 
While adding the solution of CaCls, the contents of the beaker shall be — 
stirred continuously and vigorously, kneading lumps against the sides — 
of the beaker to insure thorough mixing of the reagent with the emul- 
sion. This operation shall be performed after bringing the weighed 


sample of emulsion and the reagent to the standard temperature of 
77F. + 1.0 F. (25C. = 0.5 C.). 


(d) One of the wire sieves shall be fitted over a beaker or other 
suitable vessel and the mixture of emulsion and reagent poured through 
the sieve. The beaker, containing the sample and glass rod, shall 
be rinsed with distilled water. All lumps shall be kneaded and 


broken up and the washing of the beaker, rod and sieve shall be con- 
tinued until there is no longer any appreciable color imparted to the 


wash water. After washing as directed, the beaker, rod and sieve 
used in each individual test shall be placed in a drying oven and 
dried at 325 F. (163 C.) to constant weight. 


Book of A.S.T.M. Standards, Part II, p. 1244. 
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a Calculation 
18. The total weight thus obtained less the total tare weight of the 
beaker, rod and sieve shall be the weight of the residue by the demuisi- 
bility test. The ratio of the average weight in grams from three tests 
_ of each individual sample of emulsified asphalt, A, to the weight in 
grams of residue per 100 g. of emulsion, B, obtained in the test for resi- 
due by distillation described in Section 6 multiplied by 100, shall be 
recorded as the percentage of demulsibility of the sample tested: 


Percentage Demulsibility = xX 100 
SIEVE TEST 
Apparatus and Reagents 
19. The following apparatus and reagents will be required: 
7 (a) Sieve-—A No. 20 sieve, 3-in. in diameter with metal frame, of 
the U. S. Standard Sieve Series, conforming to the requirements of the 
Standard Specifications for Sieves for Testing Purposes (A.S.T.M. 
Designation: E 11) of the American Society for Testing Materials. 
(b) Pan.—A tin box cover or shallow metal pan of appropriate 
size to fit over the bottom of the standard sieve. 
| (c) Sodium Oleate Solution (2 per cent).—Prepare a 2 per cent solu- 
tion of pure sodium oleate in distilled water. 
Procedure 
20. The weight of the sieve and pan shall be recorded and the wire 
cloth of the No. 20 sieve shall then be wet with the sodium oleate solu- 
tion (2 per cent). Exactly 1000 g. of the emulsified asphalt shall then 
be weighed and poured through the wire sieve, the container and the 
residue on the sieve being washed thoroughly with the sodium oleate 
solution until the washings run clear. The pan shall then be placed 
under the sieve and heated for 2 hr. in a drying oven whose interior 
temperature is 220 F. (105 C.), then cooled in a desiccator and weighed. 
Calculation 
21. The total weight of the sieve, pan, and residue in grams less 
the combined tare weight of the sieve and pan, is the weight of the 
residue by the sieve test. The percentage of residue in the emulsion 
shall be calculated on the basis of this weight. 


MISCIBILITY WITH WATER 
Note.—This test is not applicable to the so-called quick-setting type of 
‘ emulsions. 
q Procedure 
. 22. To about 50 ml. of the emulsion shall be gradually added 
q about 150 ml. of distilled water, stirring the mixture while adding the 
11933 Book of A.S.T.M. Standards, Part II, p. 1244. ee 
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water. The temperature is not important but should be between 21 
and 25 C. (70 and 77 F.). The mixture shall be allowed to stand for 


2 hr. and then examined for any appreciable coagulation of the 
asphalt content of the emulsion. 


COATING TEST 


Note.—This test is applicable only for emulsions containing a base of asphalt 


of semisolid consistency. It is not applicable to the so-called quick-setting “ 
of emulsions. 


Apparatus and Reagents 


23. The following apparatus and reagents will be required: 
(a) Screens.—A standard 3-in. screen and }-in. screen conforming 
to the requirements of the Standard Specifications for Round-Hole 


Screens for Testing Purposes (A.S.T.M. Designation: E 17) of the 
American Society for Testing Materials.' 

(b) Spatula. —A steel spatula or its equivalent, blade approxi- 
mately 8 in. in length. 

(c) Dish.—A round-bottom, iron dish or a kitchen saucepan, 
approximately 1-qt. capacity. 

(d) A supply of reference stone (hard limestone, trap rock, or 
other type) which has been washed with water and dried before 
using. ‘The grading of this stone shall be such that it will all pass 


through a standard 3-in. screen and not more than 5 per cent will 
pass through a j-in. screen. 

Note.—Each laboratory shall select its own reference stone supply, the source 

of which is not apt to change. This is to obviate rapid changes in the character of 


reference stone used in any one laboratory. 
Procedure 


24. (a) Exactly 465 g. of the washed and dried graded stone, 
shall be weighed and placed in the metal pan. 

(b) A 35-g. sample of the emulsion shal] then be added to the 
stone in the pan and mixed vigorously with the spatula for 3 min. 

(c) Record whether or not there is appreciable separation of the 
asphaltic base from the water of the emulsion and whether or not the 
stone is uniformly and thoroughly coated with the emulsion 


FREEZING TEST _ 
Procedure 


25. (2) Approximately 400 g. of the emulsion shall be placed in a 
clean metal container, such as a 1-pt. press-top tin. 

(6) The emulsion in the closed container shall be exposed to a 
temperature of 0 F. (—17.7 C.) for twelve consecutive hours. _ 


11933 Book of A.S.T.M. Standards, Part II, p. 1242. 
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(c) At the expiration of the freezing period, the emulsion shall be 
permitted to thaw by exposure of the container to the temperature of 
the laboratory. 

(d) After the first operation of freezing and thawing, the procedure 
shall be repeated twice, so that the emulsion will have been subjected 

to three cycles of freezing and thawing. 

(e) After the third cycle, the emulsion may be homogeneous or 
may have separated into distinct layers which cannot be rendered 

} homogeneous by stirring at laboratory temperature. 
(f) The result of this test shall be reported as either “Homo- 


geneous” or “Broken.” 
PENETRATION OF RESIDUE ar 


26. The penetration shall be determined upon a representative 

portion of the residue in accordance with the Standard Method of Test 

' for Penetration of Bituminous Materials (A.S.T.M. Designation: D 5) 
of the American Society for Testing Materials." 


SOLUBILITY OF RESIDUE 
27. The solubility in carbon disulfide shall be determined upon a 
' representative portion of the residue in accordance with the Standard 


Method of Test for the Determination of Bitumen (A.S.T.M. Designa- 
tion: D 4) of the American Society for Testing Materials.” 


DuctiLity oF RESIDUE 
28. The ductility shall be determined upon a representative por- 
tion of the residue in accordance with the Standard Method of Test 
4 for Ductility of Bituminous Materials (A.S.T.M. Designation 
-D 113) of the American Society for Testing Materials.’ 


SPECIFIC GRAVITY OF RESIDUE 
29. The specific gravity shall be determined upon a representative 
portion of the residue in accordance with the Standard Method of Test 
for Specific Gravity of Road Oils, Road Tars, Asphalt Cements and 
Soft Tar Pitches (A.S.T.M. Designation: D 70) of the American 
Society for Testing Materials.‘ 


AsH IN RESIDUE 
30. The ash shall be determined upon a representative portion of 
_ the residue in accordance with the Rapid Routine Method of Ash De- 
; termination, as described in the Standard Methods of Analysis of 
Grease (A. S. T.M. Designation: D 128) of the American Society for 
Testing Materials.® 


11933 Book of A.S.T.M. Standards, Part II, p. 971. 

2 Ibid., p. 945. 

31935 Supplement to Book of A.S.T.M. Standards, p. 194. 
41933 Book of A.S.T.M. Standards, Part II, p. 1002. 

5 Ibid., p. 827. 
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AMERICAN ASSOCIATION STATE 
HIGHWAY OFFICIALS STANDARD 
A.A.S.H.O. No.: T-56 


TENTATIVE METHOD OF TEST 
FOR 


RESIDUE OF SPECIFIED PENETRATION! 
A.S.T.M. Designation: D 243 -35 T 


This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Head- 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


IsSUED, 1926; REVISED, 1928, 1932, 1935. 


1. This method of test covers the determination of percentage of 
residue having a specified penetration at 100 g., 5 seconds, 25° C. 
(77° F.), obtained by heating a road oil or a semisolid asphalt having 
a penetration of more than 100, at a temperature of 249 to 260° C. (480 
to 500° F.). When the penetration of the residue is not otherwise 
stated it shall be understood to be 100. The residue obtained is 
available for tests as desired. 


APPARATUS 


2. The apparatus shall consist of a container, heating bath, hot 
plate, and thermometer, with necessary accessory apparatus. 

3. The container in which the sample is to be tested shall be a 
flat-bottom, cylindrical seamless tin box, 70 mm. (23 in.) in diameter 
and 45 mm. (13 in.) in depth. 


Note.—The American Can Co.’s 6-0z. gill style flat-bottom, seamless ointment 
box, deep pattern, fulfills these requirements. 


4. (a) The heating bath shall be a cast-iron air-bath permitting 
the immersion of the container to a depth of 1} in. through an open- 
ing yg in. larger in diameter than the container. It shall support 
the container } in. above the hot plate and with at least } in. free 
alr space between the sides of the container and of the air-bath below 
the opening. A suitable air-bath is shown in Fig. 1. 

(o) The air-bath shall be heated upon a suitably mounted hot 
plate, heated either electrically or by means of a gas flame. The 
Plate shall be capable of maintaining the sample continuously at the 
‘equired temperature, and apparatus necessary to fulfill this require- 
ment, such as a rheostat or gas pressure regulator, shall be provided. 


As — the standardization procedure of the Society, this method is under the jurisdiction of the 
-T.M. Committee D-4 on Road and Paving Materials. 
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5. The thermometer shall conform to the following requirements; 
These specifications cover a special thermometer graduated to either 
Centigrade or Fahrenheit degrees as specified, the ranges being —6 to 
+400° C., or +20 to +760° F., respectively. 


Type: Etched stem, glass. 
Liguip: Mercury. 
RANGE AND SUBDIVISION: -6 to +400° C. in 2° C. or +20 to +760° F. in 5° FP 
TOTAL LENGTH: 303 to 307 mm. (11.92 to 12.08 in.). 
Stem: Plain front, enamel back, suitable thermometer tubing. 
Diameter, 6.0 to 7.0 mm. (0.24 to 0.28 in.). 
BuLs: Corning normal or equally suitable thermometric glass. 
Length, not over 13 mm. (0.51 in.). 
Diameter, not greater than stem. 
DISTANCE TO -6° C. or 20° F. Ling From Bottom or Bus: 40 to 50 mm. (1.57 
to 1.97 in.) 
DIsTANCE TO 400° C. or 760° F. Ling From Top oF Tasaweowsren: 30 to 45 mm 


(1.18 to 1.77 in.). 
Fittinc Asove Mercury: Nitrogen gas. 
Top Finisu: Red glass ring. 


Grapuation: All lines, figures, and letters clear cut and distinct. The first and 
each succeeding 10° F. line to be longer than the intermediate lines. Grad. 
uations to be numbered at each multiple of 20°. 

IMMERSION: 25 mm. or one inch. The words “1-in. immersion” on Fahrenheit 
thermometers or ‘25-mm. immersion’? on Centigrade thermometers and 4 
line around the stem 25.4 mm. or 1.00 in. above the bottom of the bulb sha 
be etched on the thermometer. 

SpectaL MARKING: “A.S.T.M. Open Flash”’ a serial number and the manufacturer's 
name or trade-mark shall be etched on the stem. 

ScaLe Error: The error at any point of the scale when the thermometer is stand 
ardized as provided below shall not exceed 1° C. up to 372° C. or 2.5° F. upt 
700° F. 

STANDARDIZATION: The thermometer shall be standardized at the ice point and a 
intervals of approximately 100° F. for 25-mm. or 1-in. immersion and for t 
following temperatures of the emergent mercury column: 


AVERAGE TEMPERATURE OF EMERGENT 
THERMOMETER READING Mercury CoLuMN 


100°C. 200° F. 44°C, 110° F. 
150°C. 300° F. 54°C. 129° F. 


200°C. 400° F. 64°C. 150° F. 
250°C. 500° F. 77°C. 175° F. 


300°C. 600° F. 91°C. 205° F. 
350°C. 700° F. 108°C. 240° F. 


TEST FOR PERMANENCY OF RANGE: After being subjected to a temperature betes 


limit specified. The test shall be made under the immersion conditions § 


_ 360 to 370° C. or 680 to 700° F. for 24 hours, the accuracy shall be within 


fied for this thermometer. 


1 These specifications are the same as for the open cup flash point thermometer specified in oa 
Standard Method of Test for Flash and Fire Points by Means of Open Cup (A.S.T.M. Designatiot 
D 92), see 1933 Book of A.S.T.M. Standards, Part II, p. 800. 
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CasE: The thermometer shall be su 
the marking: “A.S.T.M. O 
Flash, +20 to +760° F. 
Note.—For the purpose 

nitions apply: 

The total length is the Over-all | 
The diameter is that measured 


pplied in a suitable case on which sh 

pen Flash, -6 to +400° Cc.” or “A.S.T.M. Open 
»” according to the type of thermometer. 

of interpreting these Specifications the following defi- 


ength of the finished instrument, 
with a ring gage. 


_ | 
| 


Fic. 1.—Cast-Iron Air-Bath. 
The length of the bulb is the di mn of tl 


stance from the bottom of the bulb to the begin. 
ning of the enamel backing. 


The top of the thermometer is the top of the finished instrument. 


PREPARATION OF SAMPLE 
6. The sam 


ia ple as received shall be thoroughly stirred and agi- Preparation 
at 


» o insure a complete mixture before the portion for testing is ° Sample. 
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PROCEDURE 


7. One hundred grams (100.00 + 0.10 g.) of the material to be 
tested shall be weighed into a tared container, which shall then be 
placed in the air-bath in position to be heated. The thermometer 
shall be supported in the sample equidistant from the sides of the 
container and with the bottom of the bulb neither more than } in. 
above nor touching the bottom of the container. The bulb shall be 
completely immersed in the sample throughout the heating. An 
assembly of the apparatus is shown in Fig. 2. 


Fic. 2.—Assembly of Apparatus. 


8. The sample should be heated as rapidly as possible, to prevent 
foaming, toa temperature of 249° C. (480° F.) and during the evap 
oration, the temperature shall be maintained between 249° C. (480° F, 
and 260° C. (500° F.). The sample shall be stirred with the ther 
mometer from time to time to prevent local overheating and, to 
maintain a homogeneous sample, all cakes of hardened bitumen which 
form at the sides of the container shall be fluxed in the sample. 

An experienced operator can judge approximately what percent: 
age of residue he should obtain to secure the desired penetration. 
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When it is supposed that the residue will show the required penetra- 
tion, the bitumen on the thermometer which may be readily scraped 
off shall be returned to the container, which then shall be removed 
from the air-bath, cooled and weighed. The penetration of the resi- 
due shal] then be determined in accordance with the Standard Method 
of Test for Penetration of Bituminous Materials (A.S.T.M. Desig- 
nation: D 5) of the American Society for Testing Materials,' with 
the exception that the 6-oz. container specified in Section 3, in which 
the evaporation has been conducted, shall be used instead of the 
3-oz. container specified in the Standard Method D 5. 

9. It frequently is necessary to make several trials before a 
residue of the required penetration is obtained. If it is determined 
to be greater than that required, all water shall be removed from the 
container and the surface of the sample, and the heating and deter- 
mination of penetration may be repeated as before. Ordinarily a 
residue shall be considered as satisfactorily obtained when its pene- 
tration is within 15 of that desired, and its percentage by weight of 
the original sample shall be calculated. When it is necessary to 
determine more precisely the percentage of residue having the speci- 
fied penetration, such a percentage shall be computed by interpolation 
between percentages of two residues, one having a penetration greater 


and one having a penetration lower than that specified. The per- 
centage shall be reported as: 


Percentage of residue of ........... penetration (determined _........ ..) stating, 
first, the specified penetration, and second, the penetration actually determined for 
the sample tested or calculated by interpolation. 


PRECAUTIONS 
10. Certain types of road oil will readily form rings of hard 


asphalt at the side of the container. Great care should be taken 
that this material be completely fluxed in the sample before the 


penetration of the residue is determined. a 


ACCURACY 


11. Duplicate determinations should not differ by more than Accuracy. 
1.0 per cent with the same operator nor more than 2.5 per cent 
between different laboratories. Dar 


‘1933 Book of A.S.T.M. Standards, Part II, p. 971. 
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TENTATIVE METHODS OF SURVEYING AND SAMPLING SOILS 
FOR USE IN PLACE AS SUBGRADES FOR HIGHWAYS! 


A.S.T.M. Designation: D 420-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


Purpose of Subgrade Survey 


1. The purpose of the subgrade survey is to furnish the engineer with 
significant information on the following subjects: 
(a) The final location of the road both vertically and horizontally. 
(b) The selection of suitable fill material. 
(c) The design of the roadway section. 
(d) The design and location of ditches, culverts and drains. 
(e) The need for subgrade treatment and the type of treatment 
required. 
(f) The selection of the type of road surface and its design. 
Scope of Subgrade Survey 
2. The subgrade survey consists of three parts, as follows: 
(a) ‘The determination of the soil profile. 
(b) The selection of samples for the determination of the phys! 
properties of the soils included in the profile. 
(c) The mapping of the profile in order to supply information 
important to road design. 


Equipment for Subgrade Survey —" 
3. The following equipment is required to make a subgrade survey: - 
(a) One 3-ft. soil auger and three 3-ft. extensions as illustrated 


in Fig. 1. 
(b) ‘T'wo small pipe wrenches. 


(c) One light pick. 

(d) One shovel. 

(e) A supply of sample bags. 

(f) A supply of tags for marking samples. 
(g) A ball of twine. 
(h) One engineer’s level. _ 

(7) One hand level. 

(7) One 12-ft. level rod, three-section. 


1 Under the standardization procedure of the Society, these methods are under the jurisdiction O © 
A.S.T.M. Committee D-4 on Road and Paving Materials. 
2 Accepted for publication as tentative by Committee E-10 on Standards, August 22, 1935. 
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(k) One 100-ft. metallic tape. 
(1) One 12 by 15 in. strip of stiff cardboard. 
(m) One roll of 20-in. cross-section paper, 10 divisions to the inch 
each way. 
(n) Notebooks. 
(0) A supply of survey stakes. 7 


(p) One camera and supply of films. 
(g) A supply of keel. v.- 
Soil Profile Determination 

4. The soil profile shall be determined by examining the soil in its. 
natural field condition. This work is best accomplished by examining 
excavations, road cuts, etc., but the method of using a soil auger is the most 
common. ‘There is no definite rule to follow in making these examinations, 
except that the soil should be examined at intervals close enough to deter- 


Notch 3 Deep, 3 Wide 3Standard Pipe 
” on 
,-Auger 13 diam Groove Lvery 6% 


Fic. 1.—Auger for Obtaining Soil Samples. a 


mine the soil type and by borings deep enough to penetrate the more or 
ss non-uniform layers of soil or soil material. 


Examination of Soil Section 7 

5. The examination of the soil section should proceed in a systematic 
way, paying particular attention to the properties described in the following 
sections 6 to 12: 

6. Texture. -The successive layers or horizons differing in texture, 
or in fineness or coarseness of the material, should be carefully examined. 
the examination should extend to a depth of at least 5 or 6 ft. The texture 
| each layer and its thickness should be described. 

7. Color.—The successive layers which can be differentiated according 
‘0 differences in color should be noted. Each layer should be described 
ind its thickness given. 

8. Structure—The several layers that differ according to structure 
should be examined carefully, structure being defined as the kind and size 
of soil particle aggregation. Special note should be made of horizons 


with the following: 
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(a) Fine granular structure (granules about the size of bird shot 
or smaller). 

(b) Coarse granular structure (granules ranging up to 3 in. or more in 
diameter and usually more angular or irregular in shape than the granules 
making up the fine granular structure). 

(c) Layered or platey structure, in which the material splits into thin 
plates (not to be confused with stratification). 

(d) Buckshot structure, in which the soil on drying breaks up into 
angular fragments (found to characterize heavy clays usually having a 
considerable percentage of lime). 

(e) Single-grain structure in which the material is like flour or sand 
with no aggregation of particles. 

9. Consistency.—-A determination should be made of the successive 
layers or horizons differing in consistency (stickiness, friability, plasticity). 
A description of each should be given and its thickness noted. 

10. Compactness.-The relative compactness of the several layers 
should be determined, as measured by the degree of resistance to the 
penetration of a pointed instrument. 

11. Cementation.—-It should be determined whether or not resistance 
to penetration is due in any horizon to cementation. If so, the probable 
cementing material (light colored or reddish, very strongly cemented or 
weakly cemented) should be ascertained. 

12. Chemical Composition~(a) While the determination th 
chemical composition of the various parts of the soil section or profil 
can not be performed in the field by the usual field methods, there ar 
certain features that may be determined in at least a qualitative way 
Field examination can detect the presence of horizons with concentrations 
of organic matter or of salts of the alkalies and alkaline earths. 

(b) The organic matter referred to in Paragraph (a) is that contained 
in the soil and not that lying on the soil. Of this there are two kinds to 
be looked for: namely, 

(1) The organic matter in the surface soil is recognized by the dark 
color, and the approximate relative percentage present is indicated by the 
intensity of the dark color. ‘The determination of the thickness of the dark 
colored layer in the virgin soil is very important. 

(2) In some soils, usually confined to regions with a cool, moist climate 
there is present, at a depth ranging from 6 in. or less to somewhat mot 
than a foot, a layer of brown or coffee-brown organic matter forming 4 fil 
6 or 8 in. in thickness. 

(c) The salts of the alkalies and alkaline earths accumulate in the s 
under favorable conditions. Since the work here contemplated is gener 
and the soil characteristics dealt with are those of wide regional distributio! 
we may practically neglect all salts except the carbonate of lime. The mort 
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yluble salts constituting what is usually known as “alkali” are present in 
relatively small areas and may be neglected, or the soils in which they occur 
nay be designated merely as alkali soils. 

(d) Horizons of lime carbonate accumulation may be readily identified 
and should be looked for where the rainfall is less than 17 to 18 in. per year 

| in cool to cold climates and 30 in. per year in hot or very warm climates. 
The unweathered material beneath the soil in any region, arid, subhumid, 
orhumid may have a high percentage of lime carbonate, but such material 
should not be confused with the horizon of true lime carbonate accumulation. 

(e) Sesquioxides accumulate in the soil under favorable conditions. 
since accumulations of aluminum hydroxide are not readily identified by 
the usual field methods these may be left out of consideration. Accumula- 
tions of iron oxides are, however, important to consider. 

(f) Iron oxides occur in two forms: The first form consists of accumula- 
tions of finely divided or colloidal iron oxide (hydroxide). The degree of 
concentration may be determined, within a rather wide range of error, by 
the intensity of the red color. The existence of red horizons in the soil 
profile should be noted and should be illustrated with samples, even though 

ance they be small. ‘The second type consists of accumulations of iron oxide 
able meretions or large masses, usually porous or slaglike. This statement 
d or snot refer to iron-stone slabs or ferruginous sandstone layers which 
y be found in many places in the parent geological formations. In hot 
the untries the accumulations referred to here take the form of thick masses of 
rofile rous slaglike iron oxide lying at depths ranging from somewhat less than 
» are more than 15 ft. They may consist of fragments scattered over 
way. urface. 
tions 


Selection of Samples 


13. A 5-lb. sample of soil from each layer shall be obtained with pick 
i shovel from the exposed back slopes or from test pits dug at locations 
ds to dicated by the borings. Each sample shall be placed in a canvas bag, 
ak 1 securely, marked with proper identification and shipped to the labora- 
y the ty. A sufficient number of samples shall be taken to determine the range — 


ained 


\ test results for what appears to be the same layer. 

Mapping the Soil Profile 

imate, 14. The detailed mapping of soil profiles shall be accomplished in the — 

wing manner: 

a film (a) Vertical soil sections shall be examined at frequent intervals and — 
‘sitied into layers according to the method described above. 

he soil (b) The limits of the various layers shall be plotted as shown in 

eneral . 2 (a), alternate numbers being used to indicate the layers. Thus at 

yution st hole No. 1, the consecutive layers are numbered 1, 3, 5, etc., so as to 

e mort W the inclusion of any other layer which might enter the profile within 


dark- 
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the section mapped. At test hole No. 4, layer 2 is mapped between layers 
land 3. This requires the examination of another test hole (No. 5), or 
perhaps several, between Nos. 3 and 4, to determine the horizontal limits 
of layer 2. 
(c) The profile shall be completed by connecting the points marking 
the limits of the layers as shown in Fig. 2 (0). 


_ SUBGRADE SURVEY TO OBTAIN INFORMATION REGARDING 
; ROADS IN SERVICE 
Subgrade Survey 
15. The section for study having been selected, the survey shall 
carried out as follows: 


- 


Hw +4 


t 


Fic, 2.-Example of Soil Profile Map. 
Scales (appoximate due to reductions in reproduction): 
Horizontal tin. = 50 ft. 
Vertical -= Sft. 4 


(a) The section shall be staked out, the original construction stall 
being used if possible. Arbitrary stations will serve the purpose whe 
is not convenient to locate original stations. 

(b) Cross sections shall be taken every 50 ft. along the center lin 
oftener if topography requires, and for a distance of 150 ft. on each SI 
the center line. Elevations shall be obtained with an engineer’s lev 
the nearest 0.1 ft. The accuracy of an engineer’s level is necessary fort 
construction of center-line and bank-line profiles, but a hand lev 
sufficiently accurate for the topography adjacent to the highway. 
assumed elevation may be used as a bench mark. at 

(c) A plan of the roadway shall be drawn to a scale of 50 ft. to the ine 
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showing the type of pavement, type of failure, portion of roadway which - 
is built over an older road, if any, and any special construction. 

(d) Cross-section notes shaJl be plotted to the same scale as the plan | 
of roadway and contours drawn in by interpolation. 

(e) The bank-line profiles shall be drawn on the cross-section paper 
using a horizontal scale of 50 ft. to the inch and a vertical scale of 5 ft. to 7 
the inch. ‘The center line profile and the grade line of the pre-existing _ 
wad, if any, shall be projected upon the bank-line profiles. 


Examining and Mapping Soil Profile 

16. The soils shall be mapped and the profiles plotted according tothe = 
procedure outlined in Section 14. The desired information may be il 7 
veniently obtained and recorded in the following manner: 

(a) Scrape down the back slopes so that the original undisturbed 
material is exposed and plot the limits of the various layers on the prepared 
profile sheets. Supplement this work by soil auger borings so that a 
profile is obtained to a depth of at least 3 to 5 ft. below the center-line 
grade. The depth will vary with the uniformity of the soil layers or soil 
material. Any variations in moisture content should be specially noted. 
Obtain the elevations of the limits of the different layers in the exposed 
back slopes by means of a hand level, the elevation of the center line being 
sed as a bench mark. : 

(b) In a separate notebook describe each layer in detail according to 
the properties enumerated in Sections 6 to 12, inclusive, recording also the 
‘lative imperviousness or porosity of the individual layers. 

(c) Examine the soil every 50 ft. or less, depending on the uniformity _ : 


i the profile (see Section 14). 
(dz) On the plan of the roadway plot the limits of the various : 


yers found directly under the surfacing material. When the roadway is 
ut through uniform layers of soil material, the limits are obtained by 
nstructing cross-sections from the bank-line profiles. When the roadway 
constructed of fill material or cut through a heterogeneous soil material, 
the limits are determined by soil auger borings in the shoulder. 


Selection of Samples 
17. Adequate samples shall be secured as described in Section 13. 


Photographs of Road Surfaces 
18. Photographs shall be taken illustrating the condition of the ee: 


‘nt, the shoulders, the back slopes, the ditches, and the appearance of 
the soil layers. 
Analysis of Data 
19. The data collected in the manner described above shall be analyzed, a 


‘ogether with the laboratory test results, and information on the following | 
subjects developed: 


‘king | 
| 
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_ (a) The relation that exists between the pavement condition, the 
field characteristics of the soil, and the physical properties of the soil as 
determined in the laboratory. 
(6) The possible reasons for failure. 
(c) Possible curative measures for the case under examination. 
_(d) Preventive measures which may be applied in the future. 


-SUBGRADE SURVEY TO OBTAIN INFORMATION WITH RESPECT 10 
THE DESIGN OF A NEW RoaD 
_ Study of Soil Information and 
Preliminary Survey 
20. Before starting a subgrade survey of this kind the engineer should 
_ make a study of all the existing information on the soil types in that vicinity. 
Wherever soil maps prepared by the Bureau of Chemistry and Soils, U. §. 
Department of Agriculture, are available, they should be carefully studied, 
and the limits of the various soil types and their characteristics should be 
noted. It must be kept in mind that the detail to which such maps are 
carried is not particularly adapted to a subgrade survey. Nevertheless 
_ they give a clear idea of the variations which will be encountered. Wher 
this information is not available, a reconnaisance survey should be made of 
the soil materials on existing highways which parallel the new highway, 
7 noting the changes in soil as shown in exposed cuts. The notes should 
include a complete description of each soil type. The value of the inforn 
tion obtained from this rough survey lies in the fact that similar soil co1 
tions may be expected to accompany similar topographic features. 


* 


Subgrade Survey 
21. After this information has been digested the survey shall pr 
_in accordance with the following Sections 22 to 26. The profile of the grou! 
line and the proposed grade line shall be constructed on the same typ 
sheet as was specified for subgrade surveys of existing roads in service ¢ 
_ described in Sections 15 and 16. 


4 Mapping and Sampling Soil Profile 
. 22. Borings shall be made with a soil auger at frequent intervals 
each soil type classified into layers, as described in Sections 4 to 15. 

(a) Spacing of Borings.—The spacing of borings should vary with! 
uniformity of the profile and the topography. A convenient interval, sv 
] as the even stations, may be assumed at the beginning. ‘This interval 

be varied under the following conditions: (1) If the profile is uniform, the 
~ interval may be increased; (2) When the character of the profile change: 
intermediate borings should be made until it is clear that all variatio 
have been mapped; (3) Where topography is rolling and grade chang 
rapidly from cut to fill, borings are necessary only in the cuts; (4) Wa 
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the original ground line or old road grade is to be covered with fill material, 
no examination is necessary except to determine the character of the 
support. If the fill material is to be obtained from borrow ditches along 
the road, the soil should be examined to the entire depth of the borrow. 

(b) Depth of Borings——The borings should generally be carried to a 
depth of at least 3 ft. below the grade line. The depth may vary in accord- 
ance with the following stipulations: (1) When the road lies within the 
uniform layers of the soil profile, the boring should extend down to the 
first layer below the ditch line which would block percolation, or through a 
pervious layer which would carry water; (2) When fill material is to be 
borrowed from ditches alongside the road, the boring should extend at 
least to the estimated depth of borrow; (3) Tn the study of frost action the | 
borings should extend to the mean depth of frost in those soil materials 
showing a high affinity for frost accumulation and in localities where high 
water tables prevail. 

(c) When the located line is over an old road, the soils may be mapped 
by examining the exposed cuts. This work should be supplemented by 
borings. 

(d) A notation shall be made of the direction of surface drainage with 
respect to the proposed roadway. 


Mapping Soil Profile 
23. The data obtained from the borings shall be plotted on the prepared 
profile sheet. On this sheet shall also be indicated the limits of the several 


types and layers, the relative moisture content at various depths, and the 
location of calverts and drains. 


Examination of Soil Section — 
24. In a separate notebook the field characteristics of each layer shall 
described according to the properties enumerated in Sections 6 to 12, 


inclusive. ‘The relative imperviousness or porosity of each layer shall 
also be indicated. 


5. Adequate samples shall be obtained as described in Section 13. 
Analysis of Data 


26. (a) Recommendations regarding the design of the road surface 
hall be made on the basis of the known behavior of pavements for which 

conditions of soil, climate and topography are similar. 

(b) After the road i is graded a final check shall be made on the soil as 
posed by grading operations. 

(c) Typical subgrade survey sheets are shown in Figs. 3 and 4. 
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TENTATIVE METHOD OF P REPARING | SOIL SAMPLES As 
REC EIVED FROM THE FIELD FOR MECHANICAL 


ANALYSIS AND THE DETERMINATION OF THE 
SUBGRADE SOIL CONSTANTS! 


A.S.T.M. Designation: D 421-35 T 


This i is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1935.2 


This method covers the preparation of soil samples as received 
rails the field for mechanical analysis and the determination of the sub- 


grade soil constants. 7 


Apparatus 
2. The apparatus shall consist of the following: a 
(a) Balance.—A balance sensitive to 0.1 g. ya 


(b) Mortar.—A mortar and rubber-covered pestle suitable for breaking 
up the aggregations of soil particles. 
(c) Sieves.—A series of sieves, of square-mesh wire cloth, conforming 
to the requirements of the Standard Specifications for Sieves for Testing 
Purposes (A.S.T.M. Designation: E 11) of the American Society for J) jy th, 
- Testing Materials. The sizes required are shown in Table I. shall | 
(d) Sampler.—A riffle sampler or sample splitter, for quartering tl Pe 
samples. 


TABLE I.—REQUIREMENTS FOR SIEVE OPENINGS AND WIRE DIAMETERS tests 
With PERMISSIBLE VARIATIONS. pail 


test 
Tolerances, per cent be Se] 
— Sieve Opening Wire Diameter the \ 


U.S. Standard Sieve Series Wire Diameter |Mar 


until 
mm, in. in. J a gr ains 


. 
4.76 | 0.1870| 1. devin 
2°00 | 0.0787) 0. | 
0.42 | 0.0165 | 0.2! 
0.074 | 0.0029 


free 
4s the 
3. The soil sample as received from the field shall be dried thoroughly f ‘dd 


fort the N 
in the air. A representative test sample of the amount required to perio! he N 
the desired tests shall then be selected by the method of quartering or | Test § 


1 Under the standardization procedure of the Society, this method is under the jurisdiction of the AS. 5 
Committee D-4 on Road and Paving Materials. ch 

2 Accepted for publication as tentative by Committee E-10 on Standards, August 22, 1935. : all I 

#1933 Book of A.S.T.M. Standards, Part II, p. 1244. 
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the use a The amounts of material required to perform the 
individual tests are as follows: 

(a) Mechanical Analysis—For the mechanical analysis, material 
passing a No. 10 sieve is required in amounts equal to 115 g. of sandy soils 
ind 65 g. of either silt or clay soils. 

(0) Physical Tests.—For the physical tests, material passing the No. 400 
sieve is required in total amount equal to 200 g., allocated as follows: 

Liquid limit 

Plastic limit 

Centrifuge moisture equivalent 
Field moisture equivalent 


Volumetric shrinkage 
Check tests 


c) Tests of Binder Materials.—-Physical tests of binder aie = 
« performed only when it is desired to investigate the properties of the 
«tive constituents in sand-clay and gravel road-surfacing materials. In 
this case 100 g. of the material passing the No. 200 sieve are required and 
the tests shall be performed in the following order: 
Field moisture equivalent 
Plastic limit 
Liquid limit 
Volumetric shrinkage 
Centrifuge moisture equivalent. 
The material remaining after the conclusion of each test ny be used 
the next test, except that the test for the centrifuge moisture equivalent 
shall be made with material not used in previous tests. a 


Preparation of Test Sample 
4. (4) That portion of the air-dried sample selected for purpose of 
tests shall be weighed and the weight recorded as the weight of the total 
test sample uncorrected for hygroscopic moisture. ‘The test sample shall 
separated by sieving with a No. 10 sieve. That fraction retained on 
¢ No. 10 sieve shall be ground in a mortar with a rubber-covered pestle 
int the aggregations of soil particles are broken up into the separate 
tains. The ground soil shall then be separated into two fractions by 
ving with a No. 10 sieve. 
(b) That fraction retained after the second sieving shall be washed 
‘ee of all fine material, dried, and weighed. ‘This weight shall be recorded 
s the weight of coarse material. The coarse material after being washed 


nd dried shall be sieved on the No. 4 sieve and the weight retained oa 
the No. 4 sieve recorded. 


Test Sample for Mechanical Analysis silts 
5. The fractions passing the No. 10 sieve in both sieving operations 
hall be thoroughly mixed together, and by the method of quartering or the 
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use of a sampler a portion weighing approximately 115 g. for sandy soils 
and approximately 65 g. for silt and clay soils shall be selected for 


‘mechi inical analysis. 


Sample for Subgrade Soil Constants 
6. The remaining portion of the material passing the No. 10 sieve 
shall then be separated into two parts by means of a No. 40 sieve. The 
fraction retained on the No. 40 sieve shall be discarded. The fraction 
passing the No. 40 sieve shall be used for the determination of the subgrade 
soil constants. 
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TENTATIVE METHOD OF MECHANICAL ANALYSIS OF SOILS! 


A.S.T.M. Designation: D 422-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1935.? 


ction 


rade 
Scope 


1. This method covers the quantitative determination of the distri- 
bution of particle sizes in soils. 


Apparatus 
2. The apparatus shall consist of the following: 

(a) Balance.—An analytical balance sensitive to 0.001 g. 

(b) Stirring Apparatus ——A special stirring apparatus (Fig. 1) with 
replaceable stirring paddle (Fig. 2) and specially designed dispersion cup 
{either of the designs shown in Fig. 3. 

(c) Hydrometer—A hydrometer graduated in grams of soil per liter 
{suspension (Fig. 4, A) or a hydrometer with special shape bulb, graduated 
n specific gravity, having a range of 0.995 to 1.050 specific gravity and 
reading 1.000 at 67 F. (19.4 C.) (Fig. 4, B). 

(¢) Glass Graduate.—A glass graduate 18 in. in height and 23 in. in 

imeter and graduated for a volume of 1000 cc. 

(e) Thermometer.—A Fahrenheit thermometer accurate to 1 F. (0.5 C.). 

(f) Sieves.—A series of sieves, conforming to the requirements of the 
standard Specifications for Sieves for Testing Purposes (A.S.T.M. Designa- 
tio: E 11) of the American Society for Testing Materials. The sieves 
required are Nos. 20, 40, 60, 140, and 200. 

(g) Water Bath.—A water bath for maintaining the soil suspension at 
‘constant temperature during the hydrometer analysis. A satisfactory 
levice is an insulated zinc tank which maintains the temperature of the 
‘uspension at faucet-water temperature. Such a device is illustrated in — 
rig, 5, 

(h) Beaker.—A tall form beaker of 400-ml. capacity. 

Sample 


3. A sample of soil shall be selected by the method of quartering or 
y the use of a sampler from the material passing the No. 10 sieve. The 
ight of each sample shall be approximately 115 g. for sandy soils and 
g. for silt and clay soils and shall be obtained in accordance with the 


nee Standardization procedure of the Society, this method is under the jurisdiction of the A.S.T.M. 
i -4 on Road and Paving Materials. 


jqcebted for publication as tentative by Committee E-10 on Standards, August 22, 1935. 
1933 Book of A.S.T.M. Standards, Part Il, p. 1244. 
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Tentative Method of Preparing Soil Samples as Received from the Field 
for Mechanical Analysis and the Determination of the Subgrade Sojj 
Constants (A.S.T.M. Designation: D 421-35 T) of the American Society 
for Testing Materials.! 


Hycroscopic MOISTURE | 
Hygroscopic Moisture 


4. A 15-g. portion of the sample selected for mechanical analy sis shal] 
be used for the determination of the hygroscopic moisture. This portion 
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Screw Into 
Stirring Shaft 


Fic. 1.—Stirring Apparatus. Fic. 2.—Detail of Stirring | 


of the sample shall be weighed, dried to constant weight a an ov 
110 C., weighed, and the results recorded. al 


HyYDROMETER TEST 
ma of Soil Sample 


The remainder of the sample selected for mechanical analy sis si 
be weighed and dispersed by one of the two methods A or B descr 
below. The method to be used depends on the plasticity index of the 
determined in accordance with the Tentative Method of Test for Plast 

7 Limit and Plasticity Index of Soils (A.S.T.M. Designation: D 424 - 351 
_of the American Society for Testing Materials.? 


1 See p. 950. 
2 See p. 970. 
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‘ield Method A: For Soils Having a Plasticity Index Less Than 20.—The 
Soil wil shall be placed in a tall-form beaker, and 200 ml. or more of distilled 


water added slowly and with constant stirring until the soil is thoroughly 
wetted. The mixture shall be allowed to stand for a period of at least 
ishr. It shall then be washed into the special dispersion cup and distilled 
water added until the cup is within 2 in. of being filled. A deflocculating 
agent, 20 ml. of a solution of sodium silicate crystals (NazSiO;-9 H2O) shall 
shall je added. The density of this solution shall be that indicated by one of 
rtion § the following hydrometer readings: hydrometer A, 36.5 at 67 F. (19.4 C.); 
hydrometer B, 1.023 at 67 F. (19.4 C.); Baumé hydrometer, 3 deg. at 


15"cham. ——>| 3. 75"aham. + 


Permanent Removable 
Baffle | Baffle 
Rods | Rods 


Baffle 
Location 

Plan 

60° 


-— 26 "diam. 
Fic. 3.—Dispersion Cups. 


6 P. (24.4 C.). The contents of the cup shall be mixed by the special 
‘lrring apparatus (Note) for a period of 1 min. 
Method B: For Soils Having a Plasticity Index Greater Than 20.—The 
shall be placed in a tall-form beaker, and 100 ml. of 6 per cent hydrogen 


sis shal petoxide added slowly and with constant stirring until the soil is thoroughly 
ascribed Wetted, The beaker shall then be covered with a watch glass and placed 
the sil hoven at a temperature of 110 C. for 1 hr. The purpose of the peroxide 


- Plastic sto assist in the dispersion rather than to remove the organic matter. 
351 ‘he beaker shall then be removed from the oven, 100 ml. of distilled water 
added, and the mixture allowed to stand for at least 18 hr. The mixture 
i then be washed into the special dispersion cup, and dispersed (Note) 

\ the same manner and for the same length of time as in method A. 
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Note.—It is important in all cases to see that the paddle on the dispersion machine 
_ is replaced as soon as it shows signs of wear. _ Se 


_ Hydrometer Test 
6. (a) After dispersion, the mixture shall be transferred to the glass 
graduate, and distilled water having the same temperature as the constant 
temperature bath added until the mixture attains a volume of 1000 nl, 
SPECIFIC t ff 


GRavity 
67°F 


B 
Fic. 4.—Hydrometers. 


The graduate containing the soil suspension shall then be placed int 
constant temperature bath. The suspension shall be stirred frequent 
with a glass rod to prevent settlement of particles in suspension. W! 
the soil suspension attains the temperature of the bath the graduate $ 
be removed and its contents thoroughly shaken for 1 min., the palm ol! 
hand being used as a stopper over the mouth of the graduate. 

(b) At the conclusion of this shaking the time shall be recorded, tht 
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graduate placed in the bath, and readings taken with the hydrometer at 
the end of both 1 and 2 min. The hydrometer shall be read at the top 
of the meniscus formed by the suspension around its stem. If hydrometer 
Ais used, it shall be read to the nearest 4 g. per liter. Hydrometer B 
shall be read to the nearest 0.0005 specific maelt. Subsequent readings 
shall be taken at intervals of 5, 15, 30, 60, 250 and 1440 min. after the 


beginning of sedimentation. Readings on the thermometer placed in the 
constant temperature bath shall be made coincidentally with the hydrometer 7 


readings and recorded. 


Shp Back Under Springs 
37" 


— § Wood Casing Overflow 
2" Cork 
‘}~-Galvanzed Sheet Graduated 
Metal 


Intake 


26" 

Spring Clip Spacer Bar Clip Block 
Fic. 5.—Insulated Water Bath. 


(c) After each reading except the 1-min. reading, the hydrometer shall 
very carefully removed from the soil suspension in such a manner as to 
use no disturbance in the suspension, wiped clean, and laid aside. About 
‘) or 20 sec. before the time for a reading it shall again be slowly and 


iefully placed in the soil suspension. ‘The reading shall not be taken 
itil the hydrometer has come to rest. 


. SIEVE ANALYSIS 
Sieve Analysis 


7. At the conclusion of the final reading the suspension shall be washed 
1a No. 200 sieve. That fraction retained on the No. 200 sieve shall be 
ined and then analyzed in a nest of sieves consisting of one each of the 


lowing: Nos. 20, 40, 60, 140 and 200. 
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958 


CALCULATIONS 


Hygroscopic Moisture 
cal 

8. The hygroscopic moisture shall be expressed as a percentage of 

the weight of the oven-dried soil and shall be determined by the following 

formula: 


weight of air-dried soil — weight of oven-dried soil 
weight of oven-dried soil 


Hygroscopic moisture = x 1) 


To correct the weight of the air-dried sample for hygroscopic moisture J Pere 

_ the given value shall be multiplied by the expression: 
100 that 
100 + percentage of hygroscopic moisture f 


Coarse Material 
| 9. (a) The percentage of coarse material shall be obtained from the | 
data recorded during the preparation of the sample in accordance with 
the Tentative Method of Preparing Soil Sample as Received from the 
Field for Mechanical Analysis and the Determination of the Subgrade 
Soil Constants (A.S.T.M. Designation: D 421-35 T) of the American 
Society for Testing Materials.! 

(b) The coarse material shall be determined as follows: From the 


deq.Fahr 
bal 


Suspension, 


weight of the air-dried total test sample subtract the weight of the oven- : 
dried fraction retained on the No. 10 sieve. The difference is assumed t bs 
equal the weight of the air-dried fraction passing the No. 10 sieve. Accord- e 
ing to this assumption, no hygroscopic moisture is contained in the air-drie’ So 
particles retained on the No. 10 sieve, when as a matter of fact a sma = 
percentage of moisture may be present in this fraction. This amount 
moisture, compared with that held in the pores of the fraction passing t! 10 
No. 10 sieve, is relatively small. Therefore, any error produced by 1 
assumption as stated may be considered negligible in amount. The weig! 
of the fraction passing the No. 10 sieve shall be corrected for hygrosco] 
moisture as indicated in Section 8. To this value add the weight of t 
oven-dried fraction retained on the No. 10 sieve to obtain the weight {¢ 
the total test sample corrected for hygroscopic moisture. The fracti aad 
retained on both the No. 4 and the No. 10 sieve shall be expressed ne 
percentages of the corrected weight of the total test sample. of ty 
Example.—The following illustration is an example of the data used in calculating | 
hygroscopic moisture and percentage of coarse material: ture- 
ITygroscopic Moisture corre 
Hygroscopic moisture, percentage of weight of oven-dried soil............--+++ “ 19.4 
Hygroscopic moisture correction | 


p. 950. 
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10. (a) For temperatures of the constant temperature bath other than 
that at which the hydrometers were calibrated, the readings of hydrometer 
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to Reading of Hydrometer A to Reading of Hydrometer B 


: the Fic. 6.—Temperature-Correction Curves for Hydrometer Readings. 
t ol 4 — 
ake ‘ shall be corrected by adding temperature-correction factors such as 


sed fe shown graphically as AR in Fig. 6 (a). A temperature-correction 
irve of this type should be determined experimentally for each hydrometer 
i type A used. 

(b) Readings of hydrometer B shall be corrected by adding tempera- 
lure-correction factors shown as A R in Fig. 6 (b). The temperature- 
correction curve for hydrometer B is determined by plotting the differences 
between the density of water at the various temperatures and that at 67 F. 
9.4 C.) against temperatures from 40 to 100 F. (4.4 to 37.8 C. ). 

(c) The percentage of the dispersed soil in suspension represented by 

‘erent corrected hydrometer readings depends upon both the amount 
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Coarse Material 
eight of total test sample, air-dried, 318.3 
Veight of washed and oven-dried fraction retained on No. 10 sieve, g.......... 56.2 7 
Veight of fraction passing No. 10 sieve, air-dried, g..............eceeececess 262.1 : 
Veight of fraction passing No. 10 sieve corrected for hygroscopic moisture, g... 255.5 
Veight of total test sample corrected for hygroscopic moisture, g 311.7 — 
t of fraction retained on No. 4 sieve, oven-dried, g . 40.6 . 
n retained on No. 4 sieve, percentage of corrected weis 
| 
5 


For hydrometer A: P = —e x 100 


1606 (R—1)a 


W 100 


For hydrometer B: P = 
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and the specific gravity of the soil dispersed. The percentage of dispersed 
soil remaining in suspension may be obtained from the following formulas: 


R 
W 


where P = the percentage of originally dispersed soil remaining in sus- 


pension 
R = the corrected hydrometer reading 
_W = the weight of soil originally dispersed, in grams 
a = constant depending on the density of the suspension 


For hydrometer A, the value of a, for a specific gravity G and a water 


density at 67 F. (19.4 C.) of 0.9984, may be obtained fro 


formula: 
_ 2.6500 — 0.9984 G 


2.6500 G — 0.9984 
For hydrometer B, the value of a for an assumed dens 


m the following 


ity of 1.0000 at 


67 F. (19.4 C.) may be obtained from the following formula: 


2.6500 — 1.0000 G 
2.6500 G — 1.0000 


The values of a given by the two equations for different values of the 
specific gravity of soil G, are the same to two decimal places, and are as 


follows: 


SPECIFIC 
Gravity, G 


on 


‘It is sufficiently accurate for ordinary tests to select 


CONSTANT, 


the constant lor 


the specific gravity nearest to that of the particular soil tested. 
Exam ple.—Assume that the weight of dispersed soil corrected for hygroscopic moistut 


is 48.5 g., the uncorrected reading of hydrometer A is 34, the specific g 
temperature of suspension 70 F. (21 C.). 
(Fig. 6 (a)) and the corrected reading, R, is 34 + 0.4 = 34.4. 
correction, a, is 1.05. 

34.4 K 1.05 


Then P = 48.5 


X 100 = 74.5. 


ravity 2.41, andt 


The temperature correction is then 
The specific gt 


(d) The percentage of the total test sample, including the fract 


of originally dispersed soil remaining in suspension by the 


100 — percentage retained on the No. 10 sieve 


: retained on the No. 10 sieve, shall be obtained by multiplying the percenta 
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Diameter of Soil Particles in Suspension 
11. (2) The maximum diameter of the particles in suspension, cor- 
responding to the percentage indicated by a given hydrometer reading, 


shall be as indicated by Stokes’ law. 


30nL 
980 (G — G,) T 
where d = the maximum grain diameter in millimeters 
n = the coefficient of viscosity of the suspending medium (in this case 
water) in poises. Varies with changes in temperature of 
the suspending medium. 
L = the distance in centimeters through which soil particles settle in 
ater a given period of time 
wing T = the time in minutes, period of sedimentation _ _ 
G = the specific gravity of soil particles 
G, = the specific gravity of the suspending medium. In this case 
G, = 0.9984, or approximately 1.0 


According to Stokes’ law: d = y/ 


(b) The maximum grain diameters in suspension for assumed condi- 
tions and corresponding to the periods of sedimentation specified in this 
procedure are given in Table I. These grain diameters shall be corrected 

t the conditions of the test by applying the proper correction factors as 
scribed and explained below. 


ABLE I.—M AXIMUM GRAIN DIAMETERS IN SUSPENSION UNDER ASSUMED CONDITIONS. 


MAXIMUM GRAIN 
DIAMETER IN 
SUSPENSION, MM. 


.078 
.055 
.035 
.020 
.014 
.010 
.005 
.002 


(c) The grain diameters given in Table I are calculated according to 
the following assumptions: 
L, the distance through which the particles fall, is constant and equal 
32.5 cm. 
on coefficient of viscosity, equals 0.0102, that of water at 67 F. 


raction G, the specific gravity of the soil particles, is constant and equal to 2.65. 


entagt Note.—As a matter of fact, the hydrometer reading is dependent, not on the particles 
: tributed throughout a depth of 32.5 cm. in the suspension, but on those existing in that 
‘on of the suspension holding the hydrometer. 


Smithsonian Physical Tables, 7th revised edition, 1921, p. 155. 
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9) 0.9900 
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1.0000 
= 1.0100 / 
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Correction Coefficient, K, , for Correction Coefficient, K,, for 
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Fic. 7.—Correction Coefficient Curves for Elevation of Hydrometer. 
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Fic. 8.—Correction Coefficient Curves for Specific Gravity and Viscosity. 
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(d) In order to use Stokes’ law to determine the diameter of the 
particles it is necessary to know the distance through which these particles 
fall in a given time. Since the density throughout a suspension is not 
uniform and varies with the grading of the material in suspension and the 
time of sedimentation, a fixed distance cannot be used. For hydrometer B 
the depth of the center of volume of the hydrometer below the surface of 
the suspension can ‘be taken as the distance through which the particles 
may be assumed to fall. In the case of hydrometer A, it has been found 
y experiment that for the methods of dispersion described in this procedure 

1 assumed distance which bears a constant ratio to the depth of the 
hydrometer in the suspension, but which is less than the distance indicated 
by the center of volume of the hydrometer, gives closer agreement to 

echanical analysis performed by the pipette methods. The assumed 
istance of fall is taken as 0.42 of the distance from the surface of the 

spension to the elevation of the bottom of hydrometer A. 

(e) The specific gravity of the soil particles and the temperature of the 

spension are likely to vary from those assumed in the preparation of 

le I. A better approximation of the true diameters of the soil particles 

s obtained by applying correction coefficients to the values given by 
fable I. 

(f) Curves from which these coefficients may be derived are given in 
Figs. 7 and 8. ‘The correction coefficients for elevation of hydrometer 

.7 (a) and (b)) are obtained experimentally for each hydrometer in 

The coefficients for the specific gravity and the viscosity correction 

Fig. 8 (a) and (4), respectively) are independent of the apparatus used 

the test. 

(g) Multiplication by the coefficients shown in Fig. 7 (a) and (0) 

ves the maximum grain size at the reference elevation of hydrometers A 

| B, respectively, instead of that at a depth of 32.5 cm. These coeffi- 
nts vary with the hydrometer reading and may be obtained from the 


lowing formula: 
» / assumed depth of fall in centimeters 
L = 


32.5 


( h) Multiplication by the coefficients shown in Fig. 8 (a) corrects for 
ination in specific gravity from that on which the sizes given in Table I 
tebased. These coefficients may be obtained from the following formula: 


1.65 
oii specific gravity of soil particle — 1 


(i) Multiplication by the coefficients shown in Fig. 8 (6) corrects for 
€ viscosity of water at temperatures other than 67 F. (19.4 C.), the 


— 
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temperature of the suspension assumed in the preparation of Table I. 
The viscosity correction coefficient may be obtained from the following 
formula: 


K. = Vy viscosity coefficient at given temperature 
0.0102 


Example.—After a period of sedimentation of 1 min. the grain diameter indicated 
by Table | is 0.078 mm. Assume that the uncorrected reading of hydrometer A is 34, the 
specific gravity is 2.41, and the temperature of the suspension is 70 F. (21 C.). The cor. 
rection coefficients in this case are 0. 48, corresponding to a hydrometer reading of 34 
(Fig. 7 (a) ); 1.08, corresponding to a specific gravity of 2.41 (Fig. 8 (a) ); and 0.98, corres. 
ponding to a water temperature of 70 F. (21 C.) (Fig. 8 (6)). The corrected grain 
diameter then becomes: 


0.078 mm. X 0.48 X 1.08 K 0.98 = 0.040 mm. a 


100 

= = 

4 

Se 40 / 

20 

— 

€ 

| © £838 8 8888 8 8888 8 8888 ° 


Particle Size, mm. 
Fic. 9.—Grain Size Accumulation Curve, Soil Sample No. 


Sieve Analysis 

12. (a) The percentage of the dispersed soil sample retained on ea 
of the sieves in the sieve analysis shall be obtained by dividing the weigh! 
of fraction retained on each sieve by the oven-dry weight of the dispersed 
soil and multiplying by 100. 

(b) The percentages of the total test sample, including the fraction 
retained on the No. 10 sieve, shall be obtained by multiplying these values 
by the expression: 


== percentage retained on the No. 10 sieve 


100 
Plotting 


13. The percentages of grains of different grain diameters shall 
plotted on semilogarithmic paper to obtain a “soil grain diameter accumu 


tion curve.”’ A curve of this character is shown in Fig. 9. 


is 
} 
| 
| 
4422X. 
| 
Pad 


Report 
14. The results, read from the accumulation curve, shall be reported 
follows: 
(a) Percentage of particles larger than 2 mm. 
(b) Percentage of coarse sand, 2.0 to 0.25 mm. 
(c) Percentage of fine sand, 0.25 to 0.05 mm. 
(d) Percentage of silt, 0.05 to 0.005 mm. 
(e) Percentage of clay, smaller than 0.005 mm. 
(f) Percentage of colloids, smaller than 0.001 mm. 
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TENTATIVE METHOD OF TEST 
FOR 


LIQUID LIMIT OF SOILS'! 
A.S.T.M. Designation: D 423-35 T to th 
This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of th: 


Society, 260 S. Broad St., Philadelphia, Pa. oa. 
Liquid Limit 


1. The liquid limit of a soil is that moisture content, expressed as ; 
percentage of the weight of the oven-dried soil, at which the soil will just 
begin to flow when lightly jarred ten times. 


Apparatus 

2. The apparatus shall consist of the following: 

(a) Evaporating Dish—A porcelain evaporating dish about 4} it 
diameter. 

(b) Spatula.—A spatula or pill knife having a blade about 3 in. in 
length and about ? in. in width. 

(c) Mechanical Device-—A mechanical device consisting of a brass 
dish and carriage, constructed according to the plan and dimensions show! 
in Fig. 1. 

(d) Grooving Tool.—A combined grooving tool and gage conforming 
the dimensions shown in Fig. 1. 

(e) Watch Glasses—Matched watch glasses which are held togetl 
by a suitable clamp and fit sufficiently tight to prevent loss of moistu! J 
during weighing. 


(f) Balance—An analytical balance sensitive to 0.001 g. ; 
METHOD 

Sample the p 
3. A sample weighing about 30 g. shall be taken from the thoroug ay 
mixed portion of the material passing the No. 40 sieve which has | 25 she 
obtained in accordance with the Tentative Method of Preparing > droppi 
Samples as Received from the Field for Mechanical Analysis and om. (0 
Determination of the Subgrade Soil Constants (A.S.T.M. Designat (- 
D 421-35 T) of the American Society for Testing Materials.’ shown 
1 Under the standardization procedure of the Society, this method is under the jurisdiction of the AST. struck 
Committee D-4 on Road and Paving Materials. 
2 Accepted for publication as tentative by Committee E-10 on Standards, August 22, 1935. be add 


3 See p. 950. 
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Procedure 

4. (a) The air-dried soil shall be placed in the evaporating dish and 
thoroughly mixed with distilled water until the mass becomes pasty. The 
mass of soil shall then be shaped into a small layer about ? in. in thickness 
at the center and divided into two portions with the grooving tool, as 
shown in the illustration at the top of Fig. 2. 

(b) The dish shall be held firmly in one hand, with the groove parallel 
to the line of sight, and tapped lightly with a horizontal motion against 


¢ 


/em.» £0.53" ag 


64 


Grooving Tool 


Hard Rubber 


Fic. 1.—Liquid Limit Device. 


the palm of the other hand ten times. The intensity of the blows shall be 

‘uch that the effect on the soil sample is equivalent to that produced by 

25 shocks applied to a sample of the soil at the same moisture content by 
ropping the brass cup of the mechanical device through a distance of a 
m. (0.3937 in.) at the rate of two drops per second. 

(c) If the lower edges of the two soil portions do not flow together, as 
shown in the illustration at the bottom of Fig. 2, after ten blows have been 
‘truck, the moisture content is below the liquid limit. More water shall 


be added and the procedure repeated. If the lower edges meet before ten 
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blows have been struck, the moisture content is above the liquid limit, 
and dry soil shall be added and the procedure repeated. 

(d) When the lower edges of the two portions of the soil cake just flow 
together as shown in the illustration at the bottom of Fig. 2 after ten blows 
have been struck, the moisture content equals the liquid limit. ‘To deter. 
mine definitely whether the two portions are actually joined, the spatula 
may be used to push one away from the other. If the two portions separate 
along the original line of division, the end point has not been reached, and 
the procedure shall be repeated with the addition of a small amount of water. 

(e) A small quantity of soil from that portion of the soil cake which 
has flowed shall be removed and placed in a pair of watch glasses. The 
watch glasses and soil shall then be weighed and the weight recorded. 


SOIL CAKE AFTER TEST 
Fic. 2.—Diagram Illustrating Liquid Limit Test. 


The soil in the glasses shall be oven-dried to constant weight at a temper 
ture of 110 C., and weighed. This weight shall be recorded and the 
_ in weight due to drying shall be recorded as the weight of water. 


Calculation 

| 5. The liquid limit is expressed as the moisture content in percentag 
of the weight of the oven-dried soil and it shall be calculated by the following 
formula: 


weight of oven-dry soil 


MECHANICAL METHOD 


Calibration of Mechanical Device 

. 6. By means of the gage attached to the grooving tool, and the adjust 
ment plate, H, Fig. 1, the height to which the cup, C, is lifted shall be a 
justed so that the point on the cup which comes in contact with the bas 
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exactly 1 cm. (0.3937 in.) above the base. The adjustment plate, H, shall 
then be secured by tightening the screws, J. 


Procedure 

7. (a) A sample weighing about 100 g. shall be taken from the 
thoroughly mixed portion of the air-dried soil passing the No. 40 sieve 
which has been obtained in accordance with the Tentative Method of 

| Preparing Soil Samples as Received from the Field for Mechanical Analysis 
and the Determination of the Subgrade Soil Constants (A.S.T.M. Designa- 
tio: D 421-35 T) of the American Society for Testing Materials. This 
sample shall be placed in the evaporating dish and thoroughly mixed with 
ameasured quantity of distilled water to a pasty consistency. A portion 
of this paste shall then be placed in the brass cup in the position shown in 
ig. 1, leveled off to a depth of 1 cm., and divided by means of the grooving 
tool along the diameter through the centerline of the cam follower. 

(b) The cup shall then be attached to the carriage and by turning the 
crank, F, at the rate of two rotations per second lifted and dropped until 
the two sides of the sample come into contact at the bottom of the groove 
long a distance of about 4 in. ‘The number of shocks shall be recorded. 
lhe moisture content of the soil shall then be determined on a portion taken 
irom around the groove, by the method previously described in Section 4 
inconnection with the hand method. 

(c) The foregoing operations shall be repeated with samples of the 
sil at two or more additional moisture contents both above and below that 
requiring about 25 blows for closure of the groove. 


Preparation of Flow Curve 
8. A “flow curve” representing the relation between moisture contents 
corresponding numbers of shocks shall be plotted on a semi-log graph 

ith the moisture contents as abscissae on the arithmetical scale, and the 
imbers of shocks as ordinates on the logarithmic scale. 


liquid Limit Determination 
9. The moisture content corresponding to the intersection of the flow 


ve with the 25 shock ordinate shall be taken as the liquid limit of the soil. 
See p. 950, 
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annual revision. 


TE NTATIVE METHOD OF TEST 
FOR 


LIMIT AND PLASTICITY INDEX OF SOILS! 
A.S.T.M. Designation: D 424-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
Suggestions for revision should be addressed to the Headquarters of the 


Society, 260 S. Broad St., Philadelphia, Pa. 


Limit 


The plastic limit of a soil is the lowest moisture content, expressed 
asa . rcentage of the weight of the oven-dried soil, at which the soil can 
be rolled into threads } in. in diameter without the threads breaking into 


pieces. 


IsSUED, 1935.2 


The apparatus shall consist of the following: 
(a) Evaporating Dish—A porcelain evaporating dish about 4: 


in diameter. 


(b) Spatula. 


length and about ? in. in width. 


(c) Surface for Rolling.—A glass plate or piece of glazed paper 0 


~ which to roll the sample. 


(d) Watch Glasses—Matched watch glasses which are held togethe 
by a suitable clamp and fit sufficiently tight to prevent loss of moistur 
during weighing. 

(e) Balance.—An analytical balance sensitive to 0.001 g. 


@ Sample 


3. A sample weighing about 15 g. shall be taken from the thoroughly 
mixed portion of the material passing the No. 40 sieve, which has bee 
obtained in accordance with the Tentative Method of Preparing > 
Samples as Received from the Field for Mechanical Analysis and ' 
Determination of the Subgrade Soil Constants (A.S.T.M. Designati 


D 421-35 T) of the American Society for Testing Materials.’ 


1 Under the standardization procedure of the Society, this method is under the jurisdiction of the A.S. 
_ Committee D-4 on Road and Paving Materials. 
2 Son 5S0 — publication as tentative by Committee E-10 on Standards, August 22, 1935. 
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Procedure 

4. The air-dried soil shall be placed in the evaporating dish and mixed 
vith distilled water until the mass becomes plastic enough to be easily shaped 
‘nto a ball. The ball of soil shall then be rolled between the palm of the hand 
nd the glass plate or piece of glazed paper with just sufficient pressure to 
im the soil mass into a thread (Fig. 1 (a)). When the diameter of the 
resulting thread becomes ¢ in. the soil shall be kneaded together and again 


(a) Rolling of soil threads in plastic limit test. 


(b) Crumbled soil threads resulting from plastic limit test. 
Fic. 1.—Plastic Limit Test. 

dout. This process shall be continued until the crumbling of the soil 
hown in Fig. 1 (b)) prevents the formation of the thread. ‘The portions 

the crumbled soil shall then be gathered together and placed in watch 
¢s. The watch glasses and soil shall be weighed and the weight 
tded. The soil in the glasses shall then be oven-dried to constant weight 
temperature of 110 C., and weighed. This weight shall be recorded 
the loss in weight shall be recorded as the weight of water. 

Calculation 


>. The plastic limit is expressed as the moisture content in percentage 
he a of the oven-dry soil and shall be calculated by the following 
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weight of oven-dry soil 
Plasticity Index 
6. The plasticity index of a soil is the difference between its liquid 
limit and its plastic limit. 
7. The plasticity index shall be calculated by the following formula: 


_ Plasticity index = liquid limit — plastic limit 


: Note.—Liquid limit shall be determined in accordance with the Tentative Method of 
Test for Liquid Limit of Soils (A.S.T.M. Designation: D 423-35 T) of the Americar 
Society for Testing Materials. 


1 See p. 956, 


Centrif 
moistu 
retaine 
subjec 
ne ho 
Appara 
2, 

(a 
hotton 
shall b 
(b 
ver 
(¢ 

und wi 
the bo 


972 
Th 
nnual 
| 
6 
, 
= 4 
- 4 force 
Sample 
: the ma 
m4 
4 


TENTATIVE METHOD OF TEST 


FOR 


CENTRIFUGE MOISTURE EQUIVALENT OF SOILS! 
A.S.T.M. Designation: D 425-35 T 
This is a Tentative Standard and under the Regulations of the Society is subject to 
onual revision. Suggestions for revision should be addressed to the Headquarters of the 
seiety, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1935.” 


Centrifuge Moisture Equivalent 

1. The centrifuge moisture equivalent of a soil is the amount of 
moisture, expressed as a percentage of the weight of the oven-dried soil, 
retained by a soil which has been first saturated with water and then 
subjected to a force equal to one thousand times the force of gravity for 


2. The apparatus shall consist of the following: 

a) Gooch Crucible—A porcelain Gooch crucible with perforated 
bottom. The crucible shall be about 14 in. in height and the diameter 
shall be about 1 in. at the top and 3 in. at the bottom, outside dimensions. 

b) Filler Paper —A circular piece of filter paper just large enough to 

t the inside bottom of the Gooch crucible. 

c) Trunnion Cup.—A Babcock trunnion cup fitted with a brass cap 

| with a suitable device for supporting the Gooch crucible } in. above 
bottom of the cup in such a manner that the water ejected during the 
trifuging operation shall not come in contact with the crucible and 
tents and, furthermore, that air may circulate freely about the crucible 
thin the cup. Suitable fittings for the Babcock cup are shown in Fig. 1. 
d) Centrifuge.—The centrifuge shall be of such size and so driven that 7 
rce equal to one thousand times the force of gravity may be exerted on 7 


center of gravity of the soil sample. 
¢) Balance.—An analytical balance sensitive to 0.001 g. 


Sample 


_ 3A 5-g. sample shall be taken from the thoroughly mixed portion of 
‘¢material passing the No. 40 sieve which has been obtained in accordance 
nthe Tentative Method of Preparing Soil Samples as Received from the 


meg the standardization procedure of the Society, this method is under the jurisdiction of the A.S.T.M. 
-4 on Road and Paving Materials. 

auotes fer publication as tentative by Committee E-10 on Standards ,August 22, 1935. 
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bottom of the crucible. 


Centrifuge. Head 
Fic. 1.—Centrifuge Apparatus. 


The crucible shall be placed in a pan of disti 

j water and the sample allowed to take up moisture until completely satura! 
as indicated by the presence of free water on the surface of the sample 
- shall then be placed in a humidifier for at least 12 hr. to insure unilor 
distribution of moisture throughout the 
~ remaining on the surface of the sample shall be poured off, and the cru 
placed in a Babcock trunnion cup fitted as described in Section 2 (c). 
(b) The sample shall be centrifuged for a period of 1 hr. at 4 
which, for the diameter of head used, will exert a centrifugal fore 


5. (a) The sample shall be placed in the Gooch crucible, in which ha 
_ previously been placed a piece of wet filter paper which just covers the 


Gooch Crucible 
(Perforated Bottom) 
Babcock Trunion 
Filter Paper 
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_ Field for Mechanical Analysis and the Determination of the Subgrade Sojj 
iF onstants (A.S.T.M. Designation: D 421-35 T) of the American Society 
Testing Materials.' 


_ Number of Tests 
. Tests shall be made in duplicate. 


Procedure 
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thousand times the force of gravity upon the center of gravity of the soil 
ample. Immediately after centrifuging, the crucible and contents shall 
be weighed and the weight recorded as the weight of crucible and contents" 
alter centrifuging. The sample shall then be oven dried to constant 
weight at a temperature of 110 C., and weighed. ‘This weight shall be 
recorded as the weight of crucible and contents after drying. 

(c) Water-logging.—When free water is observed on the top of the 
sample after the centrifuging operation, the soil is said to have water-logged. 


This water shall not be removed but shall be weighed with the sample. 


| Calculation 
6. The centrifuge moisture equivalent of the soil shall be calculated — 7 
by the following formula: 

(A — b) — (A; — by) 
A; — (¢ + bi) 
where A = the weight of crucible and contents after centrifuging 
= the weight of crucible and contents after drying 

= the weight of crucible 
= the weight of filter paper wet 
= the weight of filter paper dry 


Centrifuge moisture equivalent = 


x 100 


Permissible Variation in Duplicate Tests 


7. The variation between the two values obtained in the duplicate 
tests should not exceed 1 per cent for values of the moisture equivalent up 
to 15 and 2 per cent for values above 15. 
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METHOD OF TEST 
FOR 


FIELD MOISTURE EQUIVALENT OF SOILS! 
A.S.T.M. Designation: D 426-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. - 


TENTATIVE 


IssuED, 1935.? temy 

Field Moisture Equivalent ‘ne Gil 
The field moisture equivalent of a soil is defined as the minimum § Cacula 
moisture content, expressed as a percentage of the weight of the oven-dried 5. 
soil, at which a drop of water placed on a smoothed surface of the soil will § jormul: 


not immediately be absorbed by the soil but will spread out over the 
surface and give it a shiny appearance. 


2. The apparatus shall consist of the following: = 


(a) Evaporating Dish.—A porcelain evaporating dish about 4} ir 
in diameter. 
. (b) Spatula.—A spatula or pill knife having a blade about 3 in. | 
length and about in. in width. 
(c) Pipette--A pipette, burette, or similar device for adding ¥ 
dropwise. 
| (d) Watch Glasses.—Matched watch glasses, held together by a suital 
Bw and fitting sufficiently tight to prevent loss of moisture dur 
weighing. 
(e) Balance.—An analytical balance sensitive to 0.001 g. 


Sample 

3. A sample weighing about 50 g. shall be taken from the thoroug 
mixed portion of the material passing the No. 40 sieve, which has 
obtained in accordance with the Tentative Method of Preparing ) 
Samples as Received from the Field for Mechanical Analysis and | 
Determination of the Subgrade Soil Constants (A.S.T.M. Designat 
D 421-35 T) of the American Society for Testing Materials. 


1 Under the standardization procedure of the Society, this method is under the jurisdiction of the AS 
Committee D-4 on Road and Paving Materials. 
iF nog gt fos publication as tentative by Committee E-10 on Standards, August 22, 1935. 


p. 9 
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Procedure: 

4. The air-dried sample shall be placed in the evaporating dish and 
nixed with distilled water. Distilled water shall be added in small amounts 
ind the sample thoroughly mixed after each addition of water. When the 
yetted soil forms into balls under manipulation, the sample shall be smoothed 
vith a light stroke of the spatula and a drop of water placed on the 
moothed surface. If the water disappears in 30 sec. a few more drops of 
vater shall be added, and the procedure shall be repeated until the water does 
wot disappear in 30 sec. but spreads over the smoothed surface and leaves a 
siny appearance. A small portion of the soil on which the last drop of 

iter was placed shall then be removed and placed between two watch 
lasses. The weight of the watch glasses and wet soil shall be determined 
ad recorded. ‘The sample shall then be oven-dried to constant weight at 
temperature of 110 C., and weighed. This weight shall be recorded and 
the difference in weight shall be recorded as the weight of water. 


mum Calculation 


dried 5. The field moisture equivalent shall be calculated by the following : 
| will formula: 
r the 


weight of water 


Field moisture equivalent = 


weight of oven-dried soil 
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TENTATIVE METHOD OF _— 


FOR 
SHRINKAGE FACTORS OF SOILS! 


A.S.T.M. Designation: D 427-35 T 


: This is a Tentative Standard and under the Regulations of the Society is subject to 
F annual revision. Suggestions for revision should be addressed to the Headquarters of the 


Society, 260 S. Broad St., Philadelphia, Pa. mou 
IssuED, 1935.” 
Scope 
1. This method furnishes the data from which the following sub- 
_ grade soil constants may be calculated: 
Shrinkage Limit 
Shrinkage Ratio 
Volumetric Change 
Lineal Shrinkage 
Specific Gravity (Approximate) eR 
Apparatus = 
2. The apparatus shall consist of the following: ‘ 
(a) Evaporating Dish.—A porcelain evaporating dish about 4} i aie 
in diameter. 
(b) Spatula.—A spatula or pill knife having a blade about 3 in. i DeTAN 
length and about ? in. in width. 
(c) Porcelain Dish—A circular porcelain milk dish having a fla 
bottom and being about 17 in. in diameter by about } in. in height. F 
(d) Straight Edge.—A steel straight edge about 12 in. in length. 
(e) Glass Cup.—A glass cup about 2 in. in diameter and about 1 ia § yi 
in height, the top rim of which is ground smooth and level. meteas 
({) Glass Plate——A glass plate with three metal prongs for immer: the lic 
the soil pat in mercury, as shown in Fig. 1. ——« 
(g) Graduate.—A glass graduate having a capacity of 25 cc. aoe 
graduated to 0.2 cc. the so 
(h) Balance.—An analytical balance sensitive to 0.001 g. the ve 
(¢) Mercury.—Sufficient mercury to fill the glass cup to overflowing a th 
CUShIO) 
Sample amoun 
3. A sample weighing about 30 g. shall be taken from the thor the dis 
-_- mixed portion of the material passing the No. 40 sieve which has has be 
1 Under the standardization procedure of the Society, this method is under the jurisdiction of the shall b 
Committee D-4 on Road and Paving Materials. ae 
2 Accepted for publication as tentative by Committee E-10 on Standards, August 22, 1935. See 
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obtained in accordance with the Tentative Method of Preparing Soil 
samples as Received from the Field for Mechanical Analysis and the 
Determination of the Subgrade Soil Constants (A.S.T.M. Designation: 
1) 421-35 T) of the American Society for Testing Materials." 


Procedure 

4. (a) The sample shall be placed in the evaporating dish and 
thoroughly mixed with distilled water in amount sufficient to fill the soil 
wids completely and to make the soil pasty enough to be readily worked 
into the porcelain milk dish without the inclusion of air bubbles. The 
amount of water required to furnish friable soils with the desired consist- 


4x 3°x S°GLASS 


BEFORE SHRINKAGE AFTER SHRINKAGE 


| 


BRASS PINS SECURED 
WITH BALSAM. 


DETAILS OF GLASS PLATE. TOP OF GLASS DISH MERCURY DISPLACED 
GROUND SURFACE BY SOIL PAT 


METHOD OF OBTAINING DISPLACED MERCURY. 
Fic. 1.—Apparatus for Determining the Volumetric Change of Subgrade Soils. 


y is equal to or slightly greater than the liquid limit, and the amount 
ssary to furnish plastic soils with the desired consistency may exceed 
liquid limit by as much as 10 per cent. 
(0) The inside of the porcelain milk dish shall be coated with a thin 
r of vaseline or some other heavy grease to prevent the adhesion of 
oil to the dish. An amount of the wetted soil equal to about one-third 
volume of the milk dish shall be placed in the center of the dish, 
the soil caused to flow to the edges by tapping the dish on a firm surface 
lioned by several layers of blotting paper or similar material. An 
unt of soil shall be added approximately equal to the first portion, and 
dish tapped until the soil is thoroughly compacted and all included air 
been brought to the surface. More soil shall be added and the tapping 
| be continued until the dish is completely filled and excess soil stands 


See p. 950, 
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out about its edge. The excess soil shall then be struck off with a straight 
edge, and all soil adhering to the outside of the dish shall be wiped off. 

(c) The dish when filled and struck off shall be weighed immediately 
and the weight recorded as the weight of dish and wet soil. ‘The soi! pat 
shall be allowed to dry in air until the color of the pat turns from dark to 
light. It shall then be oven-dried to constant weight at 110 C. and weighed, 
the weight being recorded as the weight of dish and dry soil. The weight 
_ of the empty dish shall be determined and recorded. The capacity of the 
dish in cubic centimeters, which is also the volume of the wet soil pat, 
shall be determined by filling the dish to overflowing with mercury, removing 
the excess by pressing a glass plate firmly over the top of the dish, and 
measuring by means of a glass graduate the volume of mercury held in the 
dish. ‘This volume shall be recorded as the volume of the wet soil pat, J 

(d) The volume of the dry soil pat shall be determined by removing 
the pat from the porcelain milk dish and immersing it in the glass cup full 
of mercury in the following manner: The glass cup shall be filled to over- 
flowing with mercury and the excess mercury shall be removed by pressing 
the glass plate with the three prongs (Fig. 1) firmly over the top of the cup. 
Any mercury which may be adhering to the outside of the cup shall be 
carefully wiped off. The cup, filled with mercury, shall be placed in the 
evaporating dish, and the soil pat shall be placed on the surface of the 
mercury. It shall then be carefully forced under the mercury by means 
of the glass plate with the three prongs (Fig. 1) and the plate shall bk § 
pressed firmly over the top of the cup. It is essential that no air be trapped 
under the soil pat. The volume of the mercury so displaced shall | be 
measured in the glass graduate and recorded as the volume of the | 
soil pat, V, ). 


Calculation of Moisture Content 
5. The moisture content of the soil at the time it was placed i in the @ the 
q dish expressed as a percentage of the dry weight of the soil shall be | 
culated from the formula: Oo 


volu 


Calet 


W, 

_ where w = the moisture content of the soil when placed in the dish. volum 
_ W =the weight of the wet soil pat obtained by subtracting Mass 
weight of the porcelain milk dish from the weight of th ave t 

and wet pat. taken 


W, = the weight of the dry soil pat obtained by subtracting | 


weight of the porcelain milk dish from the weight of the &* Calcul 
and dry pat. 
Shrinkage Limit 
6. The shrinkage limit of a soil is that moisture content, expre* " 
ere 


as a percentage of the weight of the oven-dried soil, at which a reductio! 
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moisture content will not cause a decrease in the volume of the soil mass, 
byt at which an increase in moisture content will cause an increase in the 
volume of the soil mass. 


Calculation of Shrinkage Limit 

7. (a) The shrinkage limit, S, shall be calculated an the data 
tained in the volumetric shrinkage determination by the a; 
formula : 


here S = the shrinkage limit 


= the moisture content of the wet soil, in percentage of the weight 
of oven-dried soil 
V = the volume of wet soil pat . a 
V, = the volume of dry soil pat - | 
W, = the weight of oven-dried soil pat. 


(b) Optional Method.—When both the true specific gravity, G, and 
shrinkage ratio, R, are known, the shrinkage limit may be calculated 
m the following formula: 


“a 
= - x 100 
Shrinkage Ratio 


8. The shrinkage ratio of a soil is the ratio between a given volume 
iange, expressed as a percentage of the dry volume, and the corresponding 
lange in moisture content above the shrinkage limit, expressed as a 
centage of the weight of the oven-dried soil. It equals the apparent 

ific gravity of the dried soil pat. 


Calculation of Shrinkage Ratio 
9. The shrinkage ratio, R, shall be calculated from the data obtained 
the volumetric shrinkage determination by the following formula: 


Volumetric Change 
10. The volumetric change of a soil for a given moisture content is the 
ime change, expressed as a percentage of the dry volume, of the soil 
8 when the moisture content is reduced from the stipulated percent- 
to the shrinkage limit. This stipulated moisture content is usually 
taken as the field moisture equivalent. 


of Volumetric Change 


- The volumetric change shall be calculated from the data obtained 


he volumetric shrinkage determination by the following formula: 
Volumetric change = (w, — S)R a 


Where w, = the given moisture content _ _ 
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If, as is customary, the volumetric change from the field moisture 
equivalent is desired, the formula assumes the following form: 


Volumetric change, Cy = volumetric change from field moisture equivalent 
Volumetric change = (field moisture equivalent — S)R 


Lineal Shrinkage 

12. The lineal shrinkage of a soil for a given moisture content is the 
decrease in one dimension, expressed as a percentage of the original dimen- 
sion, of the soil mass when the moisture content is reduced from an 
amount equal to the field moisture equivalent to the shrinkage limit. 


20 


per cent 


x Scope 
/00 
| surface 
40 
a incline 
rated | 
0 20 30 40 50 60 Roofs 
Volumetric Change, Cr, per cent Asphal 
Fic. 2.—Curve for Determining Lineal Shrinkage. AST 
Materi 
Calculation of Lineal Shrinkage 
13. The lineal shrinkage shall be obtained either by means of the J Types 
following formula or by means of the curve shown in Fig. 2, which represent 2. 
this relation: (a 
100 dealing 
. Lineal shrinkage = 100 (1 / G+ a) to3in 
Specific Gravity (b 
14. The specific gravity of a soil is the weight of the oven-dried s! J} cines 
_ divided by the true volume of the soil particles. = (¢ 
Calculation of Specific Gravity 
15. The specific gravity may be calculated from the data obtained!" Jf Propert 
the volumetric shrinkage test by the following formula: 3. 
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TENTATIVE SPECIFICATIONS 

FOR 
ASPHALT FOR USE IN CONSTRUCTING BUILT-UP 
ROOF COVERINGS! 


A.S.T.M. Designation: D 312 -35 T 
This i is a Tentative Standard and under the Regulations of the Society is subject to 
Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IsSUED, 1929; REvISED, 1935. 


Scope 


l. These spe specifications cover asphalt intended-for use as hot-cement 
aid mopping coat in the construction of built-up roof coverings for roofs 


surfaced in various manners, laid either over boards or concrete on various 
inclines, in connection with the Standard Specifications for Asphalt-Satu- 
rated Roofing Felt for Use in Waterproofing and in Constructing Built-Up 
Roofs (A.S.T.M. Designation: D 226)? or the Standard Specifications for 
Asphalt-Saturated Asbestos Felt for Use in Constructing Built-Up Roofs 
AS.T.M. Designation: D 250)? of the American Society for Testing 


2. The asphalts covered by these specifications are as follows: 
(a) Relatively susceptible asphalts with good adhesive and “‘self- a 
aling’ ’ properties for use in slag or gravel surfaced roofing on inclines up 

3 in. per ft.; 

(b) Somewhat less susceptible asphalts for unsurfaced roofing on in- 

“ines up to 3 in. per ft., and 
(c) Relatively non-susceptible asphalts for use on inclines between 3 

16 in. per ft. 

Properties 


3. The asphalt ‘shall | be homogeneous and free from water. It shall 
nform to the following requirements: 


andes the standardization rocedure of the Society, these specifications are under the jurisdiction of 7 
1933 - Committee D-8 on Bituminous Waterproofing and Roofing Materials. 
Book of A.S. M. Part II, p. 1049. 


Ibid., p. 1012. 


ure 
ee 
| 
| 
th 
nen 
a 
the 
esents 
ed sii! 
ined i 
| 
a 


Type of Roofing 


Mineral Surfaced Unsurfaced 
Flat Flat 


For use on decks having inclines: 
Over boards, in. per ft 
Over concrete, in. per ft............. sours 


@ Softening point (Ring-and-Ball Method).. d 2 
| ( 
Penetration: 
0 C. (32 F.), 200 g., 60 sec 
25 C. (77 F.), 100 g., 5s 20 
46 C, g 50 g., 5 sec er 
(c) nw at 25 C. (77 F.), (Scm. per min.), 


on heating at 163 C. (325 F.), 50 g., 
5 hr., per cent 
— (e) Penetration of residue, per cent original. . 
(f) Soluble in carbon disulfide: 
Filled or native asphalt, per cent 
Unfilled asphalt, per cent 
(g) Bitumen soluble in carbon tetrachloride, 


Filled or native asphalt, per cent 
Unfilled asphalt, per cent 

_ (t) Coarse particles retained on No. 200 sieve 
as percentage of ash, per cent 


_ Sampling and Methods of Testing 


4. The asphalt shall be sampled and the properties enumerated | 
these specifications shall be determined in accordance with the following 
methods of the American Society for Testing Materials: . 

(a) Sampling.—Standard Methods of Sampling Bituminous Materia! 

_(A.S.T.M. Designation: D 140). 

(b) Softening Point.—Standard Method of Test for Softening Point 
Bituminous Materials (Ring-and-Ball Method) (A.S.T.M. Designation 
D 36). 

(c) Penetration—Standard Method of Test for Penetration of Bi 

minous Materials (A.S.T.M. Designation: D 5).* 
(d) Loss on Heating.—Standard Method of Test for Loss on Heat 
_of Oil and Asphaltic Compounds (A.S.T.M. Designation: D6).4 
(e) Ductility—Standard Method of Test for Ductility of Bitumt 
Materials (A.S.T.M. Designation: D 113). 


q 
11933 Book of A.S.T.M. Standards, Part II, p. 974. _ ; 
2 Ihid., p. 984, 


3 [hid., p. 971. 
4 Ibid. p. 962. 
5 1935 Supplement to Book of A.S.T.M. Standards, p. 194. 
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(f) Soluble in Carbon Disulfide—Standard Method of Test for the —_ 
Determination of Bitumen (A.S.T.M. Designation: D 4).1 . 
(g) Ash.—Standard Methods of Laboratory Sampling and Analysis of 
al and Coke (A.S.T.M. Designation: D 271).2 
h) Soluble in Carbon Tetrachloride—Standard Method of Test for the 
)etermination of Proportion of Bitumen Soluble in Carbon Tetrachloride 
\S.T.M. Designation: D 165).3 
i) Coarse Particles.—Tentative Method of Test for Coarse Particles 4 
a Mixtures of Asphalt and Mineral Matter (A.S.T.M. Designation: 
)313-35 T).4 
11933 Book of A.S.T.M. Standards, Part II, p. 945. Z 
[bid., p. 269. 


‘]bid., p. 948. 
‘See p. 1001. 
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TENTATIVE SPECIFICATIONS 
FOR 
ASPHALT ROOFING SURFACED WITH COARSE MINERAL 
GRANULES! 
A.S.T.M. Designation: D 249 - 35 T 


This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Head- 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


IsSUED AS TENTATIVE, 1926; ADOPTED, 1927; REISSUED AS TENTATIVE, 1933; 
REVISED, 1934, 1935. 


Scope 

1. These specifications cover asphalt roofing in sheet form sur- 
faced with colored mineral granules, either 36 or 32 in. in width, 
composed of roofing-felt saturated and coated on both sides with 
asphalt and surfaced on the weather side with granulated slate or 
equivalent mineral material (of solid or mixed colors as may be 


mutually agreed upon between the purchaser and seller), and on the 
reverse side with powdered talc or mica. 


Manufacture 


2. In the process of manufacture, a single thickness of dry roofing 
felt shall be impregnated with a hot asphaltic saturant, then coated 
on both. sides with a hot asphaltic coating compounded with a fine 
mineral filler substantially insoluble in water, and finally surfaced 
on the weather side with mineral granules embedded in the hot 
asphaltic coating. The reverse side shall be covered with powdered 
talc or mica to prevent the roofing from sticking together in the 
package. 


Character of Felt 
3. The felt shall be composed of a continuous sheet of “felted’ 
vegetable and animal fibers. Its surface shall be uniformly smooth 


and free from lumps of unbeaten stock and particles of hard foreign 
substances. 


1 Under the standardization procedure of the Society. these specifications are under the jurisd 
of the A.S.T.M. Committee D-8 on Bituminous Waterproofing and Roofing Materials. 

These specifications are in effect a revision of the former Standard Specifications for Heavy ¥ 
Asphalt Roll-Roofing and Heavy Weight Asphalt Shingles Surfaced with Mineral Granules ( - s 
Designation: D 249 ~ 27), which standard was accordingly discontinued in 1933. 
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Character of Saturant and Coatings 


4. The saturant and coatings shall be composed principally of | 
asphaltic materials. 


Physical Properties 


5. The fabricated product shall conform to the following 
requirements: 


(a) Width.—The roofing shall be put up in rolls and shall be either 36 or 32 in. 
in width, as may be specified, within a permissible variation of +} in. 

(b) Area.—The average area of the rolls examined shall contain sufficient roofing 
to cover 100 sq. ft. of roof surface (108 sq. ft. with 2 in. or no bare lapping edge, or 
111 sq. ft. with 3 in. lapping edge). 

MAxX., LB. MIN., LB. 

Weight per roll, | No bare edge Seg 83.0 

net avg... | 2 or 3 in. bare edge mate 81.0 
(d) Weight of dry felt per 108 sq. ft hei 10.8 
¢) Weight of saturant (soluble in CS) per 108 sq. ft. sonia 17.3 
f) Weight of weather side coating (soluble in CS.) per 108 sq. ft. F 12.0 
) Weight of reverse side coating (soluble in CS,) per 108 sq. ft. : 2.0 
i) Weight of mineral matter per 108 sq. ft. passing No. 6 and 
retained on No. 100 sieve 2 25.0 
) Weight of mineral matter per 108 sq. ft. passing No. 100 sieve 10.0 4.0 
j) Weight of any 108 sq. ft. roll of complete roofing in the 
shipment (coarse granule surfaced portion) Soret 80.0 
of 10 shall not 
crack when bent 
90 deg. at a uni- 
form speed over a 
rounded corner of 
3-in. radius. 
!) Behavior on heating to er. F. (80 C.) for 2 hr not more than 1.5 
per cent volatile 
matter loss. The 
granular surfacing 
shall not slide 
more than 7, in. 
when suspended 
vertically. 


a @ 


* The weight of saturant per 108 sq. ft. shall be not less than 1.6 times the weight of the dry felt. 
Surface Finish 


6. (2) The surface of the weather side shall be uniform in finish 
ind texture. The mineral granules shall be uniformly distributed 
ver the entire surface ( except as noted in Paragraph (b) ) in a smooth 
‘ayer and shall be firmly embedded in the asphalt coating. 
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(b) The coating and granules shall cover the entire weather side 
of the roofing, except that this side may be provided with a bare 
lapping edge, approximately 2 or 3 in. in width along one edge, where 
either the granules alone or both the granules and coating may be 
omitted. 

(c) The reverse side of the sheet shall have the asphalt coating 
and powdered surfacing applied uniformly to the edges. 


Distribution of Coating and Surfacing 
7. The felt shall be completely and uniformly saturated, and shall 
show no unsaturated spots at any point when the roofing is cut or 


9. (a) The roofing shall be put up in rolls of either 108 sq. ft. when 
made with a 2-in. or no bare-lapping edge or 111 sq. ft. when made 
with a 3-in. bare-lapping edge. No roll shall contain more than two 
pieces nor shall there be more than 3 per cent of the rolls containing 
two pieces in any shipment. The rolls shall be tightly wound, and 
securely wrapped with a substantial grade of paper completely 
encircling the roll, and pasted at the overlap in such a manner as to 
prevent shifting from position. The ends of the rolls shall be protected 
with cloth covers or by other suitable means. The nails and lap- 
cement shall be packed in the core of each roll or furnished separately 
if so specified by the purchaser. 

(b) Each roll shall be plainly marked with the manufacturer’s 
name and brand. Special packing shall be as agreed upon between 
the purchaser and seller. 


Nails and Lap-Cement 

10. (a) Nails—The gage of the wire shall not be greater than 
Washburn & Moen No. 10 (0.135 in.) nor thinner than No. 12 (0.105 
in.); the head shall not be less than 3 in. in diameter, and not less than 
0.025 in. in thickness; the shank shall be between 3 and 1 in. in length, 
with its lower end pointed, and shall be either smooth or barbed, and 
if the latter, then the barbings shall not increase the diameter of the 
lower two-thirds more than 0.01 in. ‘The nails shall be zinc coated 
with not less than } oz. nor more than 1} oz. per sq. ft. of nail surface 
Hot-galvanized, electrogalvanized, or sherardized coatings will be 
accepted. ‘There shall be furnished per “square” not less than an 
average of 252 nails for 36-in. roofing, and not less than an average 
of 275 nails for 32-in. roofing. 

(b) Lap-Cement.—The cement shall be composed of bituminous 
materials dissolved in a volatile solvent, and shall be of such a nature 
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as to firmly bind the laps without injurious effect upon the roofing. 
The cement shall have a minimum flash point of 71 F. (21.5 C.) when 
tested by the Tag Closed-Cup Tester. There shall be furnished for 
each “square” of 36-in. roofing not less than 3? pt. of cement and 
for 32-in. roofing not less than 1 pt. of cement. “The addition of 5 to 
20 per cent by weight of short-fibered asbestos shall be pees, 
in 1 which case the quantity of cement shall be increased by } pt. per 
“square.” 
(c) Spectal Fixtures——Special fixtures may be furnished in lieu 
f nails and cement, if agreed upon by the purchaser and seller. 


Sampling and Testing 


11. The material shall be sampled and the properties enumerated 
in these specifications shall be determined in accordance with the 
Tentative Methods of Testing Asphalt Roll-Roofing Surfaced with 
Fine Talc, Granular Talc, or Mineral Granules; also Asphalt Shingles 
Surfaced with Mineral Granules (A.S.T.M. Designation: D 228 - 33 T) 
of the American Society for Testing Materials.! 

Inspection 

12. Inspection of material shall be made as mutually agreed 
upon by the purchaser and seller as part of the purchase contract. 

1 Proceedings, Am. Soc. Testing Mats., Vol. 33, Part I, p. 799 (1933); also 1935 Book of A.S.T.M. 


Tentative Standards, p. 941. 
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TENTATIVE SPECIFICATIONS 
FOR 
ASPHALT ROOFING SURFACED WITH FINE MINERAL 
GRANULES! 
A.S.T.M. Designation: D 248 - 35 T 


This is a Tentative Standard and under the Regulations of the Society is subject 


- to annual revision. Suggestions for revision should be addressed to the Head- 


quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


IssUED AS TENTATIVE, 1926; ADOPTED, 1927; REISSUED AS TENTATIVE, 1933; 
REVISED, 1934, 1935. 


Scope 


1. These specifications cover asphalt roofing in sheet form sur- 
faced on the weather side with fine mineral granules, either 36 or 32 


in. in width, composed of roofing felt saturated and coated on both 
sides with asphalt. 


Manufacture 


2. In the process of manufacture, a single thickness of dry roofing 
felt shall be impregnated with a hot asphaltic saturant then coated 
on both sides with a hot asphalt coating compounded with a fine 
mineral filler substantially insoluble in water, and finally surfaced on 
the weather side with fine granules of talc or other mineral material, 
and of a color as may be mutually agreed upon between the pur- 
chaser and seller, embedded in the hot asphaltic coating. The 
reverse side shall be covered with powdered talc or mica to prevent 
the roofing from sticking together in the package. 

Character of Felt 

3. The felt shall be composed of a continuous sheet of “felted 

vegetable and animal fibers. Its surface shall be uniformly smooth 


and free from lumps of unbeaten stock and particles of hard foreign 
substances. 


1 Under the standardization procedure of the Society. these specifications are under the jurisdiction 
of the A.S.T.M. Committee D-8 on Bituminous Waterproofing and Roofing Materials. 

These specifications are in effect a revision of the former Standard Specifications for Asphalt 
Roll-Roofing Surfaced with Granular Tale (A.S.T.M. Designation: D 248 - 27), which standard wa 
accordingly discontinued in 1933. 
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A.S.T.M. DESIGNATION: D 248 - 35 tT 


Character of Saturant and Coatings anit 


4, The saturant and coatings shall be composed principally of 
asphaltic materials. 


Physical Properties 


5. The fabricated on shall conform to the following require- 
ments: 

(a) Width.—The roofing shall be put up in rolls and shall be either 36 or 32 in. 
in width, as may be specified, within a permissible variation of +} in. 

(b) Area.—The average area of the rolls examined shall contain not less than 
108 or 216 sq. ft., as specified, which shall be sufficient to cover 100 or 200 sq. ft., 
respectively, of roof surface. 


GRADES 
65 LB. 55 LB. 
Max., LB. MIN., LB. MAX., LB. MIN., LB. 
t) Weight per roll, net avg. per 108 sq. ft.... .... 62.0 ee 52.0 
d) Weight of dry felt per 108 sq. ft eee 13.5 cee 10.8 
¢) Weight of saturant (soluble in CS,) per 108 
(f) Weight of weather side coating (soluble in 
CS,) per 108 sq. ft 
Weight of reverse side coating (soluble in 
CS.) per 108 sq. ft 
(s) Weight of mineral matter per 108 sq. ft.: 
Passing No. 14 and retained on No. 100 
17.0 3.0 
Passing No. 100 sieve 10.0 4.0 
Weight of any 108 sq. ft. roll of complete 
roofing in the cece 60.0 50.0 
at 97 2S Co)... cl at least 8 strips out of 10 shall not 
—_ Oo crack when bent 90 deg. at a uni- 
form speed over a rounded corner 
a of 3-in. radius. 
Behavior on heating to 176 F. (80 C.) for 
not more than 1.5 per cent volatile 
matter loss. There shall be no 
flowing, sagging, blistering, or ab- 
— sorption of the asphalt coatings. 
* The weight of saturant per 108 sq. ft. shall be not less than 1.6 times the weight of the dry felt 


Surface Finish 

6. The surface shall be smooth or finely veined in appearance. 
Deeply ribbed surfaces shall be rejected. _ a 
Distribution of Coating and Surfacing 


7. The coating and surfacing shall be er uniformly and of 
approximately equal thickness on both sides and up to the edges of 


the sheet. 
Freedom from Defects 


8. The finished product shall be free from visible external defects, 
such as holes, ragged or untrue edges, rents, cracks, tears, protuber- 
ances and indentations. 
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992 TENTATIVE SPECIFICATIONS FOR ASPHALT ROOFING 


Pliability and Stickiness 


9. The finished product shall not crack or be so sticky as to 
cause tearing or material damage, upon being unrolled at atmospheric 
temperatures above 50 F. (10 C.). 


Packing 


10. (a) The roofing shall be put up in rolls of either 108 or 216 sq. 
ft. No roll shall contain more than two pieces nor shall there be more 
than 3 per cent of the rolls containing two pieces in any shipment. 
The rolls shall be tightly wound and securely wrapped in a sub- 
stantial grade of paper completely encircling the roll, and pasted at 
the overlap in such a manner as to prevent shifting from position. 
The ends of the rolls shall be protected with cloth covers or by other 
suitable means. The nails and lap-cement shall be packed in the 
core of each roll or furnished separately if so specified by the pur- 
chaser. 

(b) Each roll shall be plainly marked with the manufacturer's 
name and brand. Special packing shall be as agreed upon between 
the purchaser and seller. 


Nails and Lap-Cement 


11. (a) Nails—The gage of the wire shall not be greater than 
Washburn & Moen No. 10 (0.135 in.) nor thinner than No. 12 (0.105 
in.) ; the head shall not be less than ? in. in diameter, and not less than 
0.025 in. in thickness; the shank shall be between $ and 1 in. in length, 
with its lower end pointed, and shall be either smooth or barbed, 
and if the latter, then the barbings shall not increase the diameter of 
the lower two-thirds more than 0.01 in. The nails shall be zinc 
coated with not less than 4 oz. nor more than 1} oz. per sq. ft. of nail 
surface. Hot-galvanized, electrogalvanized, or sherardized coatings 
will be accepted. There shall be furnished per ‘‘square’’ not less 
than an average of 252 nails for 36-in. roofing, and not less than an 
average of 275 nails for 32-in. roofing. 

(b) Lap-Cement.—The cement shall be composed of bituminous 
materials dissolved in a volatile solvent, and shall be of such a nature 
as to firmly bind the laps without injurious effect upon the roofing 
The cement shall have a minimum flash point of 71 F. (21.5 C.) when 
tested by the Tag Closed-Cup Tester. There shall be furnished for 
each “square” of 36-in. roofing not less than 3 pt. of cement and 
for 32-in. roofing not less than 1 pt. of cement. The addition of 5 
to 20 per cent by weight of short-fibered asbestos shall be permitted, 


in which case the quantity of cement shall be increased by } pt. pe 
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AS.T.M. DESIGNATION: D 248 - 35 ae 7 993 


(c) Special Fixtures ——Special fixtures may be furnished in lieu 
of nails and cement, if agreed upon by the purchaser and seller. 


Sampling and Testing 


12. The material shall be sampled and the properties enumerated 
in these specifications shall be determined in accordance with the 
Tentative Methods of Testing Asphalt Roll-Roofing Surfaced with 
Fine Talc, Granular Talc, or Mineral Granules; also Asphalt Shingles 
Surfaced with Mineral Granules (A.S.T.M. Designation: D 228 - 
33 T) of the American Society for Testing Materials." 


Inspection 
13. Inspection of material shall be made as mutually agreed 
upon by the purchaser and seller as part of the purchase contract. 


1 Proceedings, Am. Soc. Testing Mats., Vol. 33, Part I, p. 799 (1933); also 1935 Book of A.S.T.M. 
Tentative Standards, p. 941. 
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TENTATIVE SPECIFICATIONS 
FOR 
ASPHALT ROOFING SURFACED WITH POWDERED TALC 
OR MICA! 
A.S.T.M. Designation: D 224 - 35 T 


‘This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Head- 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED AS TENTATIVE, 1925; ADOPTED IN AMENDED Form, 1927; REISSUED As 
TENTATIVE, 1933; REVISED, 1934, 1935. 


Scope 

1. These specifications cover asphalt roofing in sheet form sur- 
faced with finely powdered mineral matter, either 36 or 32 in. in width, 
composed of roofing felt saturated and coated on both sides with 
asphalt. 


Manufacture 

2. In the process of manufacture, a single thickness of dry roofing 
felt shall be impregnated with a hot asphaltic saturant then coated 
on both sides with a hot asphaltic coating compounded with a finely 
powdered mineral filler, substantially insoluble in water, and finally 
surfaced on both sides with powdered talc or mica to prevent the 
roofing from sticking together in the package. : 


Character of Felt 7 

3. The felt shall be composed of a continuous sheet of “felted” 
vegetable and animal fibers. Its surface shall be uniformly smooth 
and free from lumps of unbeaten stock and particles of hard foreign 
substances. 


Character of Saturant and Coatings 
4. The saturant and coatings shall be composed principally of 
asphaltic materials. 


1 Under the standardization procedure of the Society, these specifications are under the jurisdiction 
of the A.S.T.M. Committee D-8 on Bituminous Waterproofing and Roofing Materials. 

These specifications are in effect a revision of the former Standard Specifications for Asphalt 
Roll-Roofing Surfaced with Powdered Tale (A.S.T.M. Designation: D 224-27), which standard was 
accordingly discontinued in 1933. 
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AS.T.M. DESIGNATION: D 224-35 T 


A. 
Physical Properties 

5. The fabricated product shall conform to the following re- 
quirements: 

(2) Width.—The roofing shall be put up in rolls and shall be either 36 or 32 in. 
, width, as may be specified, within a permissible variation of +} in. 

(b) Area.—The average area of the rolls examined shall contain not less than 
108 or 216 sq. ft., as specified, which shall be sufficient to cover 100 or 200 sq. ft., 
respectively, of roof surface. 

GRADES 


65 LB. 55 LB. 
MAx., LB. MIN., LB. MAx., LB. MIN., LB. 


¢) Weight per roll, net avg. per 108 sq. ft sees 62.0 ‘ann 52.0 
d) Weight of dry felt per 108 sq. ft on 13.5 ner 10.8 
¢) Weight of saturant (soluble in CS.) per 108 

f) Weight of coating (soluble in CS,) per 108 


e) Weight of mineral matter per 108 sq. ft. 
passing a No. 100 sieve 
(h) Weight of any 108 sq. ft. roll of complete 
roofing in the shipment cae 60.0 ee 50.0 
(6) Pliability at 77 F. (25 C.)......cccccccces at least 8 strips out of 10 shall not 
crack when bent 90 deg. at a uni- 
form speed over a rounded corner 
of 3-in. radius. 
Behavior on heating to 176 F. (80 C.) for 
- not more than 1.5 per cent volatile 
matter loss. There shall be no 
flowing, sagging, blistering or ab- 
sorption of the asphalt coatings. 


* The weight of saturant per 108 sq. ft. shall be not less than 1.6 times the weight of the dry felt. 

Surface Finish 

6. The surface shall be smooth or finely veined in appearance. 
Deeply ribbed surfaces shall be rejected. 
Distribution of Coating and Surfacing 

7. The coating and surfacing shall be applied uniformly and of 
approximately equal thickness on both sides and up to the edges of 
the sheet. 
Freedom from Defects 


8. The finished product shall be free from visible external defects, 
such as holes, ragged or untrue edges, rents, cracks, tears, protuberances 
and indentations. 


Pliability and Stickiness 


9. The finished product shall not crack or be so sticky as to cause 
‘caring or material damage, upon being unrolled at atmospheric 


‘emperatures above 50 F. (10 C.). 
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996 TENTATIVE SPECIFICATIONS FOR ASPHALT ROOFING 


Packing 


10. (2) The roofing shall be put up in rolls of either 108 or 216 sq. ft. 
No roll shall contain more than two pieces nor shall there be more 
than 3 per cent of the rolls containing two pieces in any shipment 
The rolls shall be tightly wound and securely wrapped in a sub- 
stantial grade of paper completely encircling the roll, and pasted at 
_ the overlap in such a manner as to prevent shifting from position. 
The ends of the rolls shall be protected with cloth covers or by other 
suitable means. The nails and lap-cement shall be packed in the core 
of each roll or furnished separately if so specified by the purchaser. 

(6) Each roll shall be plainly marked with the manufacturer’s 
name and brand. Special packing shall be as nee upon between the 
purchaser and seller. 


Nails and Lap-Cement 

11. (a) Nails.—The gage of the wire ry not be greater than 
Washburn & Moen No. 10 (0.135 in.) nor thinner than No. 12 (0.105 
in.); the head shall not be less than ? in. in diameter, and not less than 
0.025 in. in thickness; the shank shall be between } and 1 in. in 
length, with its lower end pointed, and shall be either smooth or 
barbed, and if the latter, then the barbings shall not increase the 
diameter of the lower two-thirds more than 0.01 in. The nails shall 
be zinc coated with not less than 3 oz. nor more than 1} oz. per sq. ft. 
of nail surface. Hot-galvanized, electrogalvanized, or sherardized 
coatings will be accepted. There shall be furnished per ‘‘square” 
not less than an average of 252 nails for 36-in. roofing and not less 
than an average of 275 nails for 32-in. roofing. 

(b) Lap-Cement.—The cement shall be composed of bituminous 
materials dissolved in a volatile solvent, and shall be of such a nature 
as to firmly bind the laps without injurious effect upon the roofing. 
The cement shall have a minimum flash point of 71 F. (21.5 C.) when 
tested by the Tag Closed-Cup Tester. There shall be furnished 
for each “‘square”’ of 36-in. roofing not less than ? pt. of cement and 
for 32-in. roofing not less than 1 pt. of cement. The addition of 5 to 
20 per cent by weight of short-fibered asbestos shall be permitted, 
in which case the quantity of cement shall be increased by { pt. pet 
“square.” 

(c) Special Fixtures.—Special fixtures may be furnished in lieu 
of nails and cement, if agreed upon by the purchaser and seller. 


Sampling and Testing 


12. The material shall be sampled and the properties enumerated 
in these specifications shall be determined in accordance with the 
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A.S.T.M. DESIGNATION: D 224-35 T 


Tentative Methods of Testing Asphalt Roll-Roofing Surfaced with 
Fine Talc, Granular Talc, or Mineral Granules; also Asphalt Shingles _ 
Surfaced with Mineral Granules (A.S.T.M. Designation: D 228- _ 
33 T) of the American Society for Testing Materials. 


Inspection 
13. Inspection of material shall be made as mutually agreed upon 
by the purchaser and seller as part of the purchase contract. 


1 Proceedings, Am. Soc. Testing Mats., Vol. 33, Part I, p. 799 (1933); also 1935 Book of 
AS.T.M. Tentative Standards, p. 941. 
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TENTATIVE SPECIFICATIONS 
FOR 
ASPHALT SHINGLES SURFACED WITH COARSE 
MINERAL GRANULES! 


A.S.T.M. Designation: D 225 - 35 T 


to annual revision. Suggestions for revision should be addressed to the Head- 


This is a Tentative Standard and under the Regulations of the Society is subject 
_ quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


IsSUED AS TENTATIVE, 1925; ADOPTED IN AMENDED ForM, 1927; REvIsED, 1929; 
REISSUED AS TENTATIVE, 1933; REVISED, 1934, 1935. 


Scope 
1. These specifications cover asphalt roofing in shingle form sur- 
_ faced with colored mineral granules, composed of roofing felt saturated 
and coated on both sides with asphalt and surfaced on the weather 
side with granulated slate or equivalent mineral material (of solid or 


mixed colors as may be mutually agreed upon between the purchaser 
( and seller), and on the reverse side with powdered talc or mica. Such 
roofing is intended for use as a roof covering for buildings. 


Manufacture 


2. In the process of manufacture, a single thickness of dry roofing 
felt shall be impregnated with a hot asphaltic saturant, then coated 
on both sides with a hot asphaltic coating compounded with a fine 
mineral filler substantially insoluble in water, and finally surfaced 
on the weather side with mineral granules embedded in the hot 
asphaltic coating. ‘The reverse side shall be covered with powdered 
talc or mica to prevent the roofing from sticking together in the 
package. 


Character of Felt 

3. The felt shall be composed of a continuous sheet of “felted” 
vegetable and animal fibers. Its surface shall be uniformly smooth and 
free from lumps of unbeaten stock and particles of hard foreign sub- 
stances. 


1 Under the standardization procedure of the Society, these specifications are under the jurisdictic 
of the A.S.T.M. Committee D-8 on Bituminous Waterproofing and Roofing Materials. 

These specifications are in effect a revision of the former Standard Speci‘ications for Aspha 
Roll-Roofing and Asphalt Shingles Surfaced with Mineral Granules (A.S.T.M. Designation: D 225 
29), which standard was accordingly discontinued in 1933. 
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A.S.T.M. DEsIGNATION: D 225-35 T 


Character of Saturant and Coatings 


4. The saturant and coatings shall be composed principally of 
asphaltic materials. 


Physical Properties 


5. The fabricated product shall conform to the following require- 
ments: 
(a) Shape.—The form and size of the shingles shall be as agreed upon between 
the purchaser and seller. 
(b) Area.—Sufficient material per ‘‘square’’ shall be furnished to adequately 
waterproof 100 sq. ft. of roof surface. 
GRADES 


Heavy WEIGHT REGULAR WEIGHT 
Max., LB. MIN., LB. MAX., LB. MIN., LB. 


102.0 a 86.0 


13.7 10.8 
(e) Weight of saturant per 108 sq. ft.*........ 27.5 18.9 


(f) Weight of weather side coating (soluble in 
CS.) per 108 sq. ft 

(g) Weight of reverse side coating (soluble in 
CS.) per 108 sq. ft 

(h) Weight of mineral matter per 108 sq. ft. 
passing No. 6 and retained on No. 100 


(¢) Weight of mineral matter per 108 sq. ft. 
passing No. 100 sieve 
(j) Weight of complete roofing per 108 sq. ft.. 
(k) Behavior on heating to 176 F. (80 C.) for 
not more than 1.5 per cent volatile 


matter loss. The granular sur- 
OO > facing shall not slide more than 
in. when suspended vertically. 


* The weight of saturant per 108 sq. ft. shall be not less than 1.75 times the weight of the dry felt. 
Surface Finish 


6. (a) The weather surface shall be uniform in finish and texture. 
The mineral granules shall be uniformly distributed over the entire 
surface and so firmly embedded in the asphalt coating that when 
tubbed vigorously with the hand, sufficient will remain to completely 
cover the coating. 

(b) The reverse side shall have a substantial coating of asphalt — 
applied uniformly to the edges and be surfaced with powdered talc or 
mica. 


Saturation 


7. The felt shall be completely and uniformly saturated and shall 


show no unsaturated spots at any point when the roofing is cut or split 
open. 


(c) Weight. net avg. per 108 sq 
20.0 12.0 20.0 12.0 : 
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1000 ‘TENTATIVE SPECIFICATIONS FOR ASPHALT SHINGLES 
Freedom from Defects 

8. The finished shingles shall be free from visible external defects 
such as holes, ragged or untrue edges, rents, cracks, indentations or 
lumps of coating. The shingles shall not stick together in the packages 
so as to cause damage upon being unpacked at atmospheric tempera- 


tures above 50 F. (10 C). 


9. (a) The shingles shall be put up in bundles weighing not more 
than 135 lb., gross. They shall be packed in cardboard cartons or 
between wood or cardboard ends and tied with wire or metal bands 
so as to make a substantial package, as may be agreed upon by the 
purchaser and seller. 
(b) Each package shall be plainly marked with the manufacturer's 
‘name and brand and shall contain printed directions for laying. 


Sampling and Testing 
10. The material shall be sampled and the properties enumerated 
in these specifications shall be determined in accordance with the 
- Tentative Methods of Testing Asphalt Roll-Roofing Surfaced with 
Fine Talc, Granular Talc or Mineral Granules; also Asphalt Shingles 
Surfaced with Mineral Granules (A.S.T.M. Designation: D 228 — 33 T) 
_ of the American Society for Testing Materials.’ Sampli 
2. 
D 140 


miner 
upon ; 


Inspection 


11. Inspection of material shall be made as mutually agreed upon 
_by the purchaser and seller as part of the purchase contract. 


Tr 
1 Proceedings, Am. Soc. Testing Mats., Vol. 33, Part I, p. 799 (1933); also 1935 Book of A.S.T.M cath 
Tentative Standards, p. 941. 3. 
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TENTATIVE METHOD OF TEST 
FOR 
COARSE PARTICLES IN MIXTURES OF ASPHALT AND 
MINERAL MATTER! 
A.S.T.M. Designation: D 313 - 35 T 
This is a Tentative Standard and under the Regulations of the Society is subject to- 
annual revision. Suggestions for revision should be addressed to the Headquarters of the r 


Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1929; REVISED, 1935. 


Scope 
1. This method covers the determination of the amount of particles of 
mineral or other insoluble matter in asphaltic mixtures that are retained 
upon a No. 200 (74-micron) A.S.T.M. sieve. | 


Sampling 

2. The material shall be sampled in accordance with the Standard — 
Methods of Sampling Bituminous Materials (A.S.T.M. Designation: — 
1) 140) of the American Society for Testing Materials.’ 


Treatment of Sample 


3. The sample as received shall be completely melted in an oven at 
the lowest possible temperature and while cooling shall be stirred until it 
teaches room temperature in order to insure homogeneity. 


Apparatus 


4. (a) The apparatus shall consist of a 3-in. No. 200 (74-micron) sieve 

conforming to the requirements of the Standard Specifications for Sieves 
lor Testing Purposes (A.S.T.M. Designation: E11) of the American 
society for Testing Materials. 
_ (b) A 3-in. No. 200 (74-micron) sieve for comparison purposes shall 
’€ retained in the laboratory as a standard. Whenever a new sieve is 
‘cured, a practical test of its accuracy should be made by running on it, 
‘nd on the standard sieve, a comparison test, using powdered mineral 
matter that has a considerable percentage of coarse particles. A reserve 
tock of such powdered mineral filler should be kept for this purpose. 


ini the standardization procedure of the Society, this method is under the jurisdiction of the A.S.T.M. 


-8 on Bituminous Waterproofing and Roofing Materials. 
A.S.T.M. Standards, Part II, p. 974. 


: 


| 
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1002 Metuop or TEst FOR COARSE PARTICLES IN ASPHALT Mixtures 


Procedure 


5. (a) The sieve shall be dried in an oven at 105 to 110 C., cooled, 
and then weighed on an analytical balance, the weight being recorded to 
the nearest 1 mg. 

(b) A sample of the asphalt sufficient to yield about 1 g. of mineral 
matter shall be weighed into a 400-ml. beaker. Then carbon disulfide, 
carbon tetrachloride or benzol shall be added and the mixture warmed 
until the asphalt is entirely dissolved. The solution obtained shall be poured 
through the weighed sieve, and the residue in the beaker shall be washed 
onto the sieve, using the solvent employed. 

(c) The sieve containing the residue shall be washed with the solvent 
employed, using a camel’s hair brush, until free from asphalt and fine 
mineral matter, then dried and weighed. During the washing, the residue 
in the sieve shall be covered with the solvent to a depth of approximately 


in. 
Percentage of Coarse Particles oo 


6. From the weight of the sample taken, the percentage of ash and 
the weight of the residue retained on the sieve, the percentage of coarse 
particles in the mineral matter shall be calculated. 
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TENTATIVE SPECIFICATIONS 
FOR 


FLEXIBLE VARNISHED TUBING USED IN 


This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Head- 


quarters of the Society, 260 S. Broad St., Philadelphia, Pa. _ ae ae 
IssUED, 1933; REVISED, 1935. a 


Scope 

1. These specifications cover three grades of flexible varnished 
tubing which are used as electrical insulation for leads on electrical 
apparatus, as follows: 


Grade A.—Tubing generally known as “flexible varnished 


tubing,” or “motor and transformer tubing,” or “impregnated 


magneto tubing;”’ 
Grade B. “radio spaghetti;” and _ 
Grade C.—Tubing generally known as “non-flammable tubing,” 
or “flame-resistant tubing.” 


Note.—The term “varnished tubing” as used in these specifications refers to 
braided cotton sleeving coated or impregnated and coated with lacquer or a com- 
bination of lacquer and varnish or other similar coatings. 


Material 
2. (2) The base material of the tubing shall be on quality 
braided cotton sleeving. 
(b) The cotton sleeving shall be uniformly treated, and the 
finished tubing shall be reasonably free from defects such as pimples, 
blisters, wrinkles, cracks, and similar imperfections. 


Color 
3. The color desired shall be specified by the purchaser. _ 


Dimensions 


4. The inside diameters of flexible varnished tubing shall conform 
the following requirements: 
, ' Under the standardization procedure of the Society, these specifications are under the jurisdiction 
of the A.S.T.M. Committee D-9 on Electrical Insulating Materials. 
(1003) 


ELECTRICAL INSULATION! 
A.S.T.M. Designation: D 372 - 35 T 
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Insipe IN. InsipeE Diameter, In, 
Maximum Minimum NomMINAL Maximum Nowminat 
.299 .289 0.294 .102 0.106 
. 268 .258 . 263 .091 0.095 
.239 .229 .234 .081 0.085 
.212 .204 .208 .072 0.076 
.190 182 . 186 .064 0.066 
.170 . 162 . 166 .057 0.059 
132 .144 .148 .051 0.053 
137 .129 .045 0.047 
.114 .118 .040 0.042 


Note.—For the millimeter sizes of foreign-made tubing and for odd sizes not 
contained in the above table, the nominal inside diameter shall be 0.004 in. (0.101 
mm.) larger than the diameter it is intended to cover for all sizes between the limit 
of 0.076 in. (1.93 mm.) and 0.208 in. (5.28 mm.) and shall be subject to a permissibl. 
variation of +0.004 in. (0.1016 mm.). For sizes larger than 0.208 in. (5.28 mm 
the nominal inside diameter shall be 0.005 in. (0.127 mm.) larger than the diameter 
it is intended to cover and shall be subject to a permissible variation of +0.005 ir 
(0.127 mm.). For sizes smaller than 0.076 in. (1.93 mm.), the nominal inside diam- 
eter shall be 0.002 in. (0.0508 mm.) larger than the diameter it is intended to cover 
and shall be subject to a permissible variation of +0.002 in. (0.0508 mm.). 


Dielectric Strength 


5. (a) Grade A tubing shall show an average value in the short- 
time dielectric strength test of not less than 7000 v., and no one of 
the ten puncturing voltages shall be less than 5000 v. 

(b) Grade B tubing shall show an average value in the short- 
time dielectric strength test of not less than 4000 v., and no one of 
the ten puncturing voltages shall be less than 2500 v. 

(c) Grade C tubing shall show an average value in the short- 
time dielectric strength test of not less than 2500 v., and no one of 
the ten puncturing voltages shall be less than 1500 v. 


6. The number of hours of baking in the heat endurance test 
at which first cracking of the tubing occurs when bent through 180 


deg. over a rod 0.32 cm. (} in.) in diameter shall be not less than the 
following: 


Grade B 
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AS.T.M. DESIGNATION: D 372-35 T | 


Rate of Burning 


7. Tubing furnished under these specifications as Grade C shall 
require at least 45 sec. to burn a length of 2.54 cm. (1 in.). 


Commercial Lengths 
8. The tubing shall be supplied in straight lengths of 30 or 
36 in. or in continuous lengths as may be specified by the purchaser. 


Packing 
9. Unless otherwise specified by the purchaser, the tubing shall 
be packed flat in packages conforming to usual trade customs. 


Marking 


10. Each package shall be marked with the name or trade mark 
of the manufacturer, the total number of feet, the size and color of 


& 


Inspection 
11. The tubing shall be inspected and tested within two weeks 


of the date of receipt by the purchaser. as 
Rejection 


12. If the results of any test do not conform to the requirements 
prescribed in these specifications, that test shall be repeated 
on two additional specimens from the same lot, each of which 
shall conform to the requirements specified. If either of these two 
additional specimens fails, the lot of tubing represented by that 
specimen may be rejected at the option of the purchaser. 


Rehearing 


13. Samples of rejected material shall be preserved for two weeks 
from the date of the test report. In case of dissatisfaction with the 
tesults of test, the manufacturer may make claim for a rehearing 
within that time. 


Methods of Testing 


14. Flexible varnished tubing shall be sampled, conditioned, and 
tested in accordance with the Tentative Methods of Testing Flexible 
Varnished Tubing Used for Electrical Insulation (A.S.T.M. Desig- 
nation: D 350 - 35 T) of the American Society for Testing Materials.’ 
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TENTATIVE METHODS OF TESTING SOLID FILLING AND 
‘TREATING COMPOUNDS USED FOR ELECTRICAL ws 
INSULATION! 


3. 
A.S.T.M. Designation: D 176-35 T be spr 


__ This is a Tentative Standard and under the Regulations of the Society is subject then b 


to annual revision. Suggestions for revision should be addressed to the Head. expect 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. tempe 


IssuED, 1923; REVISED, 1924, 1925, 1929, 1933, 1934, 1935. _ sae 
teste 


paralle 
from 


Scope 
1. These methods cover physical and electrical tests for solid 


filling and treating compounds for electrical insulation. back 


Note.—Before testing under these methods it may be necessary to degasify stretc 
(a) materials which tend to entrap gases (usually due to high viscosity) and/or (6) 
materials which tend to froth on heating. (See Appendix I.). 


Scope 
PHYSICAL TESTS 4 


General Physical Tests untre: 


2. Each of the following tests shall be made in accordance with volun 
the method of test applicable, of the American Society for Testing from 
Materials, as indicated: samp) 

(a) Melting Point: Standard Method of Test for Melting Point — 
of Petrolatum (A.S.T.M. Designation: D 127).? 5 

(b) Softening Point, for compounds having no definite melting of Te 
point: Standard Method of Test for Softening Point of Bituminous to be 
Materia!s (Ring-and-Ball Method) (A.S.T.M. Designation: D 36), or Stanc 
Standard Method of Test for Softening Point of Tar Products Asph: 
(Cube-in-Water Method) (A.S.T.M. Designation: D 61).4 The the A 
method used should be indicated in the report. ( 

(c) Flash and Fire Points: Standard Method of Test for Flash Secti 
and Fire Points by Means of Open Cup (A.S.T.M. Designation: 
D 

(d) Evaporation: Standard Method of Test for Loss on Heating 
of Oil and Asphaltic Compounds (A.S.T.M. Designation: D 6).° 


Volun 
fc slloy 


1 Under the standardization procedure of the Society, these methods are under the jurisdiction 
the A.S.T.M. Committee D-9 on Electrical Insulating Materials. 
21933 Book of A.S.T.M. Standards, Part II, p. 840. 
Ibid. p.984 5 Ibid., p. 800. 
4 Ibid., p. 989. 6 Ibid., p. 962. 
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(e) Viscosity, Temperature range from melting point to 150 C.: 
Saybolt Furol, Standard Methods of Test for Viscosity of Petroleum 
Products and Lubricants (A.S.T.M. Designation: D 88).! 

(f) Penetration Test, Temperature range from melting or softening 
point to —25 C.: Standard Method of Test for Penetration of Bituminous 
Materials (A.S.T.M. Designation: D 5).? 


Brittleness 


3. To determine the brittleness of the material, the compound shall 
be spread on a piece of sheet metal in a layer 7g in. in thickness. It shall 
then be submerged in water having a temperature at least 20 F’. above the 
expected breaking point. It shall then be cooled 5 F. and held at this 
temperature for 5 minutes. The cooling shall then be continued in 
increments of 5 F. At each temperature interval the compounds shall be 
tested with the blade of a knife, inserting the point with the blade as nearly: 
parallel with the sheet metal as is practicable, and pulling the compound 
from the sheet metal as rapidly as possible by rotating the blade about its 
back as an axis. The temperature at which the compound no longer 
stretches but snaps, shall be considered the breaking point. 


SPECIFIC GRAVITY 
Scope 


4. This test is intended to determine the specific gravity of both 
untreated and degasified compounds at any temperature. ‘The approximate — 
volume occupied by entrapped gas at any temperature can be calculated 
from the difference in specific gravity of an untreated and a degasified — 
sample at that same temperature. : 
Procedure 


5. (a) The specific gravity shall be determined by the Standard Method 
of Test for Specific Gravity of Asphalts and Tar Pitches Sufliciently Solid 
to be Handled in Fragments (A.S.T.M. Designation: D 71)* or by the 
Standard Method of Test for Specific Gravity of Road Oils; Road Tars, 
Asphalt Cements and Soft Tar Pitches (A.S.T.M. Designation: D 70)‘ of 
the American Society for Testing Materials. 

(0) If degasification is required, it shall be performed as described in 
ection 11 and Appendix I. 

Volume of Entrapped Gases 


6. The percentage of entrapped gases may be calculated from the 
lowing formula: 


sp. gr. of degasified compound —sp. gr. 
of untreated compound 100 
sp. gr. of degasified compound 


ime, in per cent, of entrapped gases = 


— Book of A.S.T.M. Standards, Part IT, p. 880. 
Ibid., p. 971, 


* Ibid., p. 1000, 
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COEFFICIENT OF EXPANSION 


Note.—Certain materials when cooled form voids within the mass and 
satisfactory method has been found to measure their coefficient of expansion. 


Scope 

7. These methods are intended for determining the true and effectiy 
coefficient of expansion of compounds. ‘The true coefficient of expansion 
is for compounds which are free of entrapped gases. The effective coefi- 
cient of expansion is the coefficient for material which has not been 
degasified just prior to test. It is important for many purposes to know 
the effective coefficient of the material as received or after heating to th 
maximum temperature of application. Consistent results, however, may 
only be obtained with gas-free compounds. 


Methods 

8. The following methods are covered: 

Methods A and B.—Methods A and B for true coefficient of expansion 
are intended for use only where the uniformity of the material under test 
justifies a high degree of precision. Method A is suitable for testing low 
viscosity types such as waxes and petrolatums. Method B is suitable for 
testing asphalts and high-viscosity materials, also for opaque materials 
which may give difficulty in reading the glass scale of Method A. 

Methods C, D and E.—Methods C, D and £ are intended for faster 
testing where high precision may not be justified. ‘These methods may be 
used for determining either true or effective coefficient of expansion. 


Method A. Using Glass Flask 
Apparatus 


9. (a) Flask.—The flask' shall hold approximately 250 ml. to 1 
zero mark, and the neck of the flask shall be 1 cm. in internal diameter 
and graduated for 25 ml. in 0.1-ml. divisions. 

(b) Oil Bath—The cylindrical oil bath for heating the sample shall be 
approximately 10 in. (25.4 cm.) in inside diameter and 20 in. (50.8 cm.) I! 
inside depth with a false bottom 1 in. from the bottom and shall has 
provision for circulating and heating the oil. 

(c) Lead Collar.—A lead collar shall be hung on the flask during tes 
to prevent the oil currents of the bath from moving the flask. 


Calibration 

10. The capacity of the flask at the zero point and several points 
the scale shall be determined by filling the flask with distilled water 4! 
known temperature and weighing. 


1A Pyrex or quartz glass flask is very satisfactory for this purpose. 
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Procedure 

11. (a) The flask shall be maintained under a vacuum of 25 in. 
of mercury and a temperature 50 C. higher than the softening point 
(ring-and-ball method, as determined under Section 2 (6)) while 
being filled and for approximately 30 min. after filling is complete. 
The flask shall be filled to within the last milliliter marked on the 
neck when held at the maximum test temperature and slowly cooled 
to room temperature (10 to 12 hr.). Before starting the test, the flask 
shall be examined for the presence of cavities or irregular contraction 
of the compound. Some compounds after cooling below the liquid 
state, tend to stick to the sides of the neck of the flask. In such 
cases it is necessary to gradually warm the neck and flow the com- 
pound to meet the rest, after which the flask shall be placed in the 
bath for several hours to insure temperature equilibrium. 

(b) With the compound satisfactorily placed in the flask at the 
lowest temperature, the height of the column in the neck shall be 
read and the bath then slowly heated. Readings shall be taken at 
50 C. intervals, holding the bath as constant as possible at each 
point until no more expansion occurs at that point, the procedure 
being repeated for each point until maximum temperature is reached. 

(c) Precautions—During the test, temperature readings shall be 
taken at top and bottom of the bath to detect any variation. 
Readings of the expansion of the compound shall be made at inter- 
vals long enough to insure uniform temperature distribution and 
complete movement of the compound. Until complete liquefaction, 
the interval should be 3 to 4 hr.; after liquefaction it may be reduced 
to 30 min. 


12. (a) After securing the readings over the temperature range 
desired, a curve shall be plotted from the temperature and expansion 
teadings from which the coefficient of expansion shall be calculated 
from the following formula: 
Coefficient of expansion of the compound = ao +C 
where V = the original volume occupied by the compound; 
V, = the volume at higher temperature occupied by the com- 
pound; 
T = the original temperature; 
T, = the higher temperature, and : 
C =aconstant = coefficient of expansion of glass container. 
(b) The coefficient of expansion shall be calculated for three 
temperature ranges, as follows: 
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(1) From the minimum temperature at which the measure- 
ment was made to 10 C. below the melting point. This is in- 
tended to give the average coefficient for the solid condition. 

(2) From 5 C. above the melting point to 100 C. This js 
intended to give the average coefficient for the liquid condition 

(3) From the minimum temperature at which a measure- 
ment was made to 100 C. 


Method B. Using Metallic Cell 
Apparatus 


13. (a) Metal Cell.—The cell shall be made of steel, consisting of 
four parts, a cylinder about 2.5 in. in internal diameter, having a 
rigid bottom, a metallic gasket, a cover to which a steel capillary 
tube is attached and an auxiliary cover for introducing the compound 
to be tested while the cell is under a vacuum. ‘The cell shall have an 
_ internal volume of approximately 250 ml. <A metallic cell that has 
been found suitable is described in Appendix II. 
(b) Oil Bath.—The oil bath shall be the same as described in 
Section 9 (b), Method A, with the exception that provision shall be 
made for supporting the metal cell. 


Calibration 


14. The cell shall be calibrated to determine its volume at various 
temperatures as follows: 

(a) Weigh the assembled cell to determine its tare weight. 

(b) Fill the cell with mercury until replacing the cover causes 

- some to extrude through the capillary tubing. Record the weight of 
the cell and mercury and note the temperature. 

(c) Place cell in the oil bath in an inverted position. The 
capillary tubing should extend over the side of the oil bath in such a 
- way that the extruded mercury may be caught in a beaker. The 

oil bath which is several degrees above room temperature causes 
some mercury to be extruded from the capillary tube. When all 
expansion has taken place, weigh the mercury collected. 

(d) Adjust the oil bath for other test temperatures and note th 
amounts of mercury extruded. The weight of mercury in the cell 
at any temperature is thus determined and the volume may be 

calculated. 


Procedure 


15. (a) The cell shall be fitted with the auxiliary cover and held 
f in an upright position in the oil bath while filling. A vacuum of 251. 
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of mercury and a temperature 50 C. higher than the softening point 
(ring-and-ball method, as determined under. Section 2 (b)) shall be 
maintained while filling and for at least 30 min. after the cell has been 
filled to within approximately } in. of the cover. The cell shall then 
be slowly cooled to room temperature, and any irregularities in the 
surface of the compound removed. 

(b) The auxiliary cover shall be replaced with the standard 
cover and the cell and compound weighed. 

(c) Sufficient mercury shall be poured into the cell so that some 
is extruded when the cover is screwed down. ‘The cell shall then be 


weighed again 
(d) The cell shall then be inverted and placed in the oil bath, 
and the procedure outlined under calibration, Section 14 (c) and (d) 
again followed for 5 C. intervals. 

(e) Precautions.—Only clean, distilled mercury shall be used. 
During the test, temperature readings shall be taken at top and 
bottom of the bath to detect any variation. Readings of the expan 
sion of the compound should be made at intervals long enough to 
insure uniform temperature distribution and complete movement of 
the compound. Until complete liquefaction, the interval should be 


3to4hr.; after liquefaction, it may be reduced to 30 min. 

16. (a) After volumetric determinations have been _ over 
the desired temperature range, a curve shall be plotted between 
volume and temperature readings from which the coefficient of expan- 


sion shall be calculated from the following formula: 


V, —V 
where V = the original volume occupied by the my 


V, = the volume at higher temperature occupied by the com- 
pound; 
T = the original temperature, and 
T, = the final temperature. 7 
(b) The coefficient of expansion shall be calculated for the same 
three ranges as prescribed in Method A, Section 12 (0). 
Report 
17. The report shall include the following: 
(a) The type of cell used. 
(b) A copy of the volume-temperature curve. 
, The temperature ranges as defined under Section 12 (6) or 


(d) The coefficient of expansion corresponding to each of the 
three temperature ranges. 


Coefficient of expansion of the compound = 
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Method C. Specific Gravity Method ilite 

Procedure ind 

18. The specific gravity of untreated or degasified compound at two ise) 

test temperatures may be found by either of the procedures specified jp both 
Section 5. 

19. From the temperature and specific gravity readings the coefficient J “?° 

of expansion shall be calculated from the following formula: aa 

Coefficient of expansion = 3 - = 
where J = the initial temperature, and 
T, = the higher temperature. 


| 


Method D. Pycnometer Contraction 


Scope 

20. This method is: a modification of the specific gravity method Let J 
(Method C). It may be applied to either untreated or degasified ¢ Let ¥ 
pounds. Then 


Apparatus 

21. (a) Flask.—A 100-ml. volumetric glass' flask shall be used 
the zero mark shall be as near as possible to the bulb of the flask. 

(b) Oil Bath—The oil bath may consist of a tall-form glass! beaker 
sufficient size so that when the flask is supported about 1 in. from 1 
bottom the oil level will reach at least to the zero mark of the flask. 

(c) Metal Collar.—Lead or iron collars placed on the neck of the f 
shall be used during heating to prevent oil currents of the bath from movi wher 
the flask. 

22. (a) ‘The flask shall be weighed and then filled to within appr 
mately 10 ml. of the zero mark with the compound to be tested, care bei 
taken that at no time shall the temperature of the compound exceed t 
softening point (ring-and-ball method) by more than 10 C. Care shall 
be taken so that none of the compound remains in the stem of the fla: 
The flask shall be cooled to room temperature, weighed, immersed in t! 7 
oil bath and placed in an oven previously heated to the maximum temper are th 
ture at which the test is to be run. After the oil bath reaches the ! 
temperature it shall be allowed to remain at this temperature for ! 


The flask shall be removed from the oven, and mercury from a burette Scope 
be quickly poured into it until the level of the compound is within 0.5 r : 
of the zero mark. The quantity of mercury used shall be noted in Meth 

Mater 


1 Pyrex glass or other material with equally low coefficient of expansion is very satisfactory for this pu 
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jiliters. ‘Che flask shall be replaced in the oven for 20 min.., removed again 
and the mercury titration shall be continued until the level of the compound 
is exactly at the zero mark. The number of milliliters of mercury used in 
both titrations shall be recorded. 

(b) The oven temperature shall be reset at the next lower test point, 
temperature equilibrium allowed for as above, and the titration shall be 
repeated. ‘The same procedure shall be continued at all subsequent test 
points, the milliliters of mercury added at each point being recorded. 


Calculations 
23. To find the coefficient of expansion of the material between any © 
two temperatures, the calculations shall be made as follows: 


Volume of mercury A at room temperature 
corrected to temperature ¢ = A + 0.000182A (¢ — 20) 


Example.—lIf volume of flask is 100 ml. at 20 C.; 100 ++ 0.0025 
t — 20) ml. 


volume at t= 


let ¥ = V; — M, = the volume of compound at 7,, 
let Y = Vz — M, = the volume of compound at T:, 


Then the expansion in cu. cm. per gram, 7, — 7; = — 


—Y 
W —Y 
the expansion per cu. cm., T; — T, = = 


W 


the coefficient of expansion, cu. cm. per cu. cm. = 
per degree Centigrade. 


where W = the weight of sample in grams 
7, = the higher temperature in degrees Centigrade 
T, = the lower temperature in degrees Centigrade 
M, = milliliters of mercury (corrected) added at 7; 
M, = the sum of milliliters of mercury (corrected) added at 7; and 
at T2 
V, = the corrected volume of flask at ho 


V. = the corrected volume of flask at 7, 


To obtain the curve of expansion, plot the points Me a etc., which 
the densities at various temperatures. x VY 


Method E. Pycnometer Expansion 
Scope 


24. This method is another modification of the specific gravity method 


Method C) and may also be applied 1 to either untreated or degasified 
materials, 


—— 
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Apparatus and Calibration 

25. The pycnometer and bath required are the same as described j 
Section 21, except that the neck of the flask shall be cut off at the 100-4 
point and ground square. A metal pycnometer may be used provided it 
coefficient of expansion is known and is used in Section 27. 


Procedure 


26. In this procedure the pycnometer shall be allowed to ¢ 
slowly to the lowest test temperature. During the cooling period tl 
flask shall be kept filled by adding more compound and after equilibriw 
is reached the excess material shall be removed by passing a sharp, flat 
blade over the rim. ‘The flask shall then be removed from the bath and 
quickly weighed. Knowing the tare weight and volume of the flask, th 
specific gravity may be determined. For successively higher temperatures 
it is only necessary to weigh the extruded portion. 
Calculations 
27. From the temperature and weight readings the coefficient 


expansion may be calculated from the following formula: 
W 
W,(T, — T) 
where W = the initial weight of the compound in the flask 
WW, = the weight of the compound in the flask at higher temperatu 
T = the initial temperature 
= the higher temperature 


_ the coeflicient of expansion of the flask 


Coefficient of expansion = 


ELECTRICAL TESTS 


DIELECTRIC STRENGTH TEST 
Dielectric Strength 


28. (a) This test is intended to determine the dielectric strength 
solid filling and treating compounds under voltage stresses of short durati 
It is of value as a comparative test but does not indicate the perman 
dielectric strength of these compounds. 

(b) The dielectric strength of this class of material varies with t 
temperature. It is, therefore, recommended that a sufficient number 
tests be made at different temperatures to establish the momentary 
dielectric strength-temperature curve from 0 to 100 C. 


Sample 

29. A representative sample shall be taken from the original packag 
melted and poured directly into the testing container. Care shou 
be exercised in melting and pouring the compound not to ove 
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heat it nor to entrap air. A melting and pouring temperature of 
approximately 50 C. above the softening point (ring-and-ball method) 
as determined under Section 2 (b) is recommended. ‘The electrodes 
shall be heated to the approximate temperature of the compound 
before filling the container. 7 
Electrodes 


30. (a) The testing container, after filling, shall be placed ina 
suitable constant-temperature air bath or oil bath and sufficient time 
allowed to elapse to bring the entire mass to a uniform temperature. 
The temperature shall be determined by a thermocouple attached to 
one of the metal electrode ends or by a mercury thermometer placed 
vertically touching an electrode and approximately 4 in. (1.25 cm.) 
from the gap between electrodes. 

(b) The test shall be made between polished hemispherical 
(Note 1) brass or copper electrodes 3 in. in diameter separated by a 
gap of 0.1 in. (Note 2). 

Note 1.—A convenient form of apparatus for holding the electrodes and com- 
pound is described in Appendix III. It is recognized that when liquid materials 
are being tested, this method is inconsistent with the Standard Methods of Testing 
Electrical Insulating Oils (A.S.T.M. Designation: D 117) of the American Society 
for Testing Materials... However, since spherical electrodes are considered preferable 
for solid and semisolid materials, the advantage of using spherical electrodes for all 
splicing compounds, whether liquid or solid, so that direct comparison can be made, 
is sufficiently great to justify the inconsistency with Methods D 117. 

Note 2.—In the case of materials which cannot be broken down with the 
available voltage, the gap may be reduced to 0.05 in. but results will not be com- 


parable directly with those obtained with the 0.1-in. gap. OS 
Testing Transformer Voltage Control ae 
and Measurement 

31. (a) The testing transformer used, methods of voltage con- 
trol and measurement shall be as outlined in Section 2 of the Ten- 
tative Methods of Testing Sheet, Tape and Molded Insulating 
Materials for Dielectric Strength (A.S.T.M. Designation: D 149 - 
34 T) of the American Society for Testing Materials. 

(b) The actual gap at the test temperature shall be determined 
by direct measurement or by measurement at some other temperature 
and computation of changes due to expansion or contraction. 

(c) Voltage shall be applied at a value less than 1000 v. and raised 
at the rate of 1000 v. per sec. until breakdown occurs. 

Number of Specimens 

32. Five specimens at a given temperature shall be tested and 
the average value taken as the momentary dielectric strength of the 
compound at that temperature. 


1933 Book of A.S.T.M. Standards, Part II, p. 1087. 
. Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 982 (1934); also 1935 Book of A.S.T.M. 
entative Standards, p. 980. 
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Report 
33. The report shall include the following: 
(a) The momentary dielectric strength —- temperature curve; 
(b) The individual values of the puncturing voltage and the gap 
length at the various temperatures. 


VOLUME RESISTANCE — TEMPERATURE CHARACTERISTICS 


Volume Resistance versus Temperature 
34. (a) This test is intended to determine the volume resistance 
- temperature characteristics of solid filling and treating compounds. 
It is of value as a comparative test and also may be used in deter-- 
mining the volume resistivity on an ohm-centimeter basis. 
Temperature Range 
(b) The volume resistance of this class of material varies with 
the temperature, generally decreasing rapidly with increase of tem- 
perature. It is, therefore, recommended that a sufficient number of 
tests be made at different temperatures to establish the volume 
resistance — temperature curve. To be of most. significance, the 
test shall include determinations made up to the highest service 
temperatures. At room temperatures and below, the volume 
_ resistance of practically all of these compounds is so high that it 
cannot be measured with the ordinary galvanometer equipment. 


Conductivity Cell 
35. A suitable conductivity cell consisting of parallel planes, 
concentric cylinders, or coaxial cones shall be used in determining 
the volume resistance of the compound. The distance between 
electrodes shall not be less than 0.75 mm. (0.03 in.) nor more than 
5 mm. (0.2 in.). The voltage gradient shall not exceed 200 v. 
per millimeter (5 v. per mil). The area of the electrode shall be 
_ sufficiently large so that the current flow can be measured, with the 
apparatus available, to an accuracy within 5 per cent. Electrode 
areas of 50 to 500 sq. cm. (7.7 to 77.5 sq in.) should prove suitable. 
Because of possible catalytic or corrosion effects of some compounds 
on certain metals, the electrodes should be nickel, gold or platinum 
plated. 

The insulating material used to support the electrodes shall be 
capable of withstanding the wide temperature range to which the 
cell is subjected and preferably shall be of an inorganic material such 
as a ceramic material or suitable glass. 

A test run on the empty cell shall be made over the temperature 
range chosen in order to determine if any leakage is present. 

A conductivity cell that has been found suitable is described 
in Appendix IV. 
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Sample 

"36. (2) A representative sample shall be taken from the original 
package, melted and poured directly into the testing container. 
Care shall be exercised in melting and pouring the compound not to 
overheat nor to entrap air in it. A melting and pouring temperature 
of approximately 50 C. above the softening point (ring-and-ball 
method) as determined under Section 2 (b) is recommended. The 
quantity of the sample depends upon the capacity of the resistivity 
cell used, but in any case it shall be sufficient to permit three separate 
determinations. Before filling, the conductivity cell shall be heated 
to slightly above the pouring temperature of the compound. 

(b) A suggested procedure in filling the cell, especially in the 
case of the higher melting compounds, is to determine the quantity 
of compound necessary to just fill the cell with the electrodes in 
position. In the case of coaxial cones or concentric cylinders the 
proper quantity of the heated compound shall be first poured slowly 
into the outer cylinder. Any bubbles which may form on the surface 
of the compound shall be removed by a quick application of a flame 
from a bunsen burner. Immediately the inner electrode shall be 
slowly lowered into the compound and a thermometer placed in the 
well, 

Test Procedure 

37. The conductivity cell, after filling, shall be placed in an oil 
or air bath having suitable temperature control and sufficient time 
allowed to elapse to bring the bath and cell to temperature equilibrium 
at each test temperature. The temperature of the cell shall be 
determined by two mercury thermometers placed in contact with 
the electrodes. The temperature of the bath shall be determined 
by a mercury thermometer placed near the cell. ‘The temperature 
of the bath shall be within 1 C. of the test temperature when readings 
are taken. ‘The temperatures of the cell thermometers shall agree 
within 0.5 C. of each other and within 1 C. of the bath temperature 
when readings are taken. 
Measurements and Calculations 
_ 38. The volume resistance shall be measured at each temperature 
in accordance with the Standard Methods of Test for Resistivity 
of Insulating Materials (A.S.T.M. Designation: D 257) of the 
American Society for Testing Materials,! with particular attention 
to Sections 8, 9, 10, 17, 18 and 19 for liquid insulating materials. 
Report 

39. The report shall include the following: 

(2) The type of resistivity cell used; 


(b) The distance between guarded and unguarded electrodes; 
"1933 Book of A.S.T.M. Standards, Part IT, p. 1107. 
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(©) The area of guarded electrode; 

_(d) The battery voltage; and 

_(e) A curve plotted from the readings obtained over the tem. 
perature range chosen showing the relation of volume resistance in 
ohm-centimeter units and the temperature in degrees Centigrade. 


Notr.—In lieu of the information required in Paragraphs (b) and (c), a statement 

of the approximate overall accuracy may be made. 
PowWER Factor AND DIELECTRIC CONSTANT 

Scope 

40. This test is intended to determine the power factor and the 
dielectric constant of solid filling and treating compounds at specified 
temperatures corresponding to those temperatures to which the 
materials are to be subjected in service. 


Temperature Range 

41. Since the power factor and dielectric constant of this class 
of materials vary with the temperature, a sufficient number of tests 
shall be made at different temperatures to establish the dielectric 
constant - temperature curve and the power factor — temperature 
curve over the temperature range to which the respective material is 
subjected in service. Determinations shall be made at not less than 
three temperatures; a temperature near the lowest to which the 


material is to be subjected in service, ordinary room temperature of 
20 to 25 C., and a temperature near the maximum temperature to 
which it is subjected in service. 

Note.—For many materials the power factor - temperature curve may have 4 


maximum, minimum, or other irregularity within the working range of temperatures. 
With such a material many determinations may be required to establish the curve. 


Test Specimens 
42. The materials to which these tests apply fall into two class 
as regards the most suitable type of specimen to be used in the measure- 
ment of power factor and dielectric constant. One class includes 
waxes and other materials which can be cast or pressed into sheet 
form and then measured between electrodes, such as are used in 
making tests on porcelain, molded materials and sheet materials 
(See the Tentative Methods of Testing Electrical Insulating Materials 
for Power Factor and Dielectric Constant (A.S.T.M. Designation: 
D 150-35 T) of the American Society for Testing Materials.') The 
other class includes materials that are fluid at ordinary temperature 
or can be made so by increasing their temperatures. Materials in 
the fluid state can be poured into a measuring cell such as described 
in Section 34 and the determinations made from which the power 
factor and the dielectric constant can be calculated. 
1See p. 1044. 
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Measuring Cell 

43. In the measuring cell the distance between the electrodes 
and the area of the electrodes shall be such that a capacitance of not 
less than 100 wf. will be obtainable. The voltage gradient shall not 
beover 5 v. per mil. Due to the catalytic or corrosive effects of some 
compounds on certain metals, the electrodes may need to be nickel, 
gold, or platinum plated. The insulating material used to support 
the electrodes shall be capable of withstanding the wide temperature 
range to which the cell or material is to be subjected during the tests 
without any appreciable effect upon the determinations being made. 
Certain ceramic materials, special glasses, and quartz have been 
found suitable for insulating supports for the electrodes between 
which the material is to be measured. One cell that has been found 
satisfactory for these determinations is described in Appendix IV. 
Cells of different construction from the one described have been used 
with equally satisfactory results. 
Sampling 

44. A representative sample shall be taken from the original 
package, melted if necessary, and then either cast in the form of a 
disk or poured directly into the measuring cell. The use of the cell 
or the disk will depend upon the particular material. In heating and 
pouring the compound, care shall be exercised not to entrap air in 
the compound between the electrodes. A melting and pouring 
temperature of approximately 50 C. above the softening point (ring- 
and-ball method, as determined under Section 2 (b)) is recommended. 
A sufficient quantity of the material shall be taken as the sample to 
enable making at least three determinations. Before pouring the 
compound into the container or cell, the container or cell shall be 
heated to a temperature slightly higher than the temperature at which — 
the compound is being poured. 


Temperature Bath 


45. The specimen as prepared above, shall be placed in an oil 
rt air bath having suitable temperature control, and sufficient time 
illowed to elapse to bring the bath and specimen to the desired 
temperature equilibrium at each test temperature. The temperature 
of the electrodes and the compound shall be determined by two 
mercury thermometers, or two thermocouples with cold junctions 
placed in contact with the electrodes. The temperature of the bath 
shall be determined by a thermometer, or a thermocouple with cold 
Junction placed near the cell or the specimen. The temperature of 
the bath shall be within 1 C. of the desired test temperature when the 


1019 

n 

le 

| 
ts 
ic 
re 
is 
an 
he 
of 
to | 
ea 
res. 
ve. 
les 
eet 
in 
ils. 
als 
on: 
he 
ure 
in 
ed 
wer 


1020 MeEtTHoDs OF TESTING SOLID FILLING AND TREATING Compounps 


_ determinations are made. The temperature of the specimen ther- 
- mometers or thermocouples shall agree within 0.5 C. of each other 

and within 1 C. of the bath temperature when the readings are taken. 
Measurements 


46. Determinations shall be made of the power factor and 
dielectric constant at the temperatures and frequencies desired ir 
- accordance with the methods outlined for 25 to 60 cycles, 1000 cycles 
and 100 to 1500 kilocycles as described in the Tentative Methods of 
Testing Electrical Insulating Materials for Power Factor and Dielectric 
Constant (A.S.T.M. Designation: D 150-35 T) of the American 
Society for Testing Materials! Measurements shall be made at the 
frequencies to which the material will be subjected in service unles 
otherwise specified. When using a cell in making power factor and 
dielectric constant determinations, measurements shall be made at the 
temperature desired, first with air as dielectric and then with the 
- compound in the cell as dielectric. 


Calculations 


47. The power factor shall be calculated in accordance with the 
Tentative Methods D 150-35 T,! and the dielectric constant shall 
be determined for any given compound from the ratio of the capaci- 
tance of the cell with the compound as dielectric to the capacitance of 

the cell with air as dielectric. When the specimen under determination 

_is in the form of a disk the air capacitance shall be calculated from 
the dimensions of the electrodes and the thickness of the dielectric. 
In this case, correction shall be made as outlined in the Tentative 

~ Methods D 150-35 T.1 When the sample has been poured betweer 

~ electrodes being held apart by separators, the air capacitance can be 
measured directly the same as with the cell, or it may be calculated 
from the dimensions of the electrodes and the thickness of the sepa- 
rators, taking into account the edge correction. 

Report 

48. The report shall include the following: 

(a) The type of cell used and the dimensions of the same. 

(b) The method used and the frequency at which measurement 
were made. 

(c) The voltage across the specimen during the test. 

(d) The dielectric constant, the power factor, and the respective 
temperatures at which the determinations were made. 

(ec) A statement of the approximate accuracy of the 
determinations. 


1 See p. 1044. 


| 
| 
bt 
th 
t 
an 
CI 
| 
Th 
| ste 
| ar 
| | 


APPENDIX I[ 


DEGASIFICATION OF SOLID FILLING AND TREATING COMPOUNDS 

Compounds having high viscosity may be degasified by heating in a vacuum 
oven or in a cell fitted with a special cover with vacuum connection similar to 
the cover shown in Fig. A1, Appendix IT. 

In either method the temperature and vacuum should be high enough and 
the time long enough to insure the driving off of mechanically entrapped gases, 
but should tend to decompose the compound as little as possible. A gas-free 
condition is indicated when bubbles of gas no longer appear at the surface of 
the compound. 
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Fic. Al.—Metallic Cell for Coefficient of Expansion Determinations. 


APPENDIX IT 
-ELL FOR DETERMINING COEFFICIENT OF EXPANSION OF SOLID 
FILLING AND TREATING COMPOUNDS 

Figure A1 shows the metallic cell for coefficient of expansion determinations. 
he cell consists of four principal parts: A steel cylinder, a metallic gasket, a _ 
teel cover, and a dummy or auxiliary cover for filling. ‘The gasket must be of 
4 metal which does not amalgamate with mercury. 
The cylinder is about 2.5 in. (6.35 cm.) in internal diameter, and approxi- 
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mately 3 in. (7.6 cm.) in internal depth. The top of the cylinder is threaded to 
receive the steel cover and has a machined shoulder to seat a 0.003 in. thick 
metallic gasket. The cylinder may be of one piece construction or fitted with a 
cap at the bottom similar to the top end. 

The steel cover is carefully rounded on the under side to avoid air pockets, 
It is threaded into the top of the cylinder and seats on the metallic gasket. 


_ The center of the cover is threaded to receive a steel capillary tube of 0.018 in, 


in internal diameter. 

The auxiliary cover is brass with a rubber gasket seated by atmospheric 
pressure. A brass funnel and vacuum connection are soldered to the cover. A 
plug is provided for sealing the funnel while the cell is maintained under the 
vacuum specified after filling. 


Wood 
‘ (--Brass Electrodes 


Gage -- Press Board 
(Sides and Bottom) ; 


Fic. A2.—Container, Showing Electrodes in Place for Dielectric Strength Test. 
APPENDIX III 


DEVICE FOR DETERMINING DIELECTRIC STRENGTH OF SOLID 
FILLING AND TREATING COMPOUNDS 
Because of the great difficulty experienced in removing most solid filling anc 
treating compounds from the container and from the electrode an arrangement is 


- desirable which is sufficiently inexpensive to permit of its being discarded fully or 


in part after the test. Two devices that have proved satisfactory are illustrated in 
Figs. A2 and A3. 

Figure A2 shows the simplest device. It consists of a box about 2 in. square 
in cross-section and 2 in. in length inside of the wooden ends. ‘The sides and 
bottom are made from a single piece of press board and are attached to wooden 
blocks which form the ends. Holes drilled through the wooden blocks receive 
the electrodes which are turned from } in. diameter brass rod. To facilitate 
adjustment of the gap length, a gage is arranged to slip over the ends of tht 
electrode and so regulate the gap to the desired value. 

Figure A3 shows a more elaborate type of testing device consisting of 4 
framework made from laminated phenol fiber about 8 in. (20 cm.) in length 
and 2} in. (5.7 cm.) square with brass bushings centrally inserted in each end 
member to hold the electrode rods. A box of heavy paper or pasteboard ' 
arranged to fit loosely inside the framework. ‘The electrodes, which are separable 
by means of screw joints, are inserted through small holes in the ends of the 
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paper box and clamped to make an oil-tight joint. The proper electrode spacing 
may be obtained by means of an adjusting screw on the right-hand end. Changes 
in the electrode spacing with temperature can be reduced greatly (to less than 
0,001 in. in a change of temperature of 75 C.) by the indicated electrode design. 
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Fic, A3.—Container, Showing Electrodes in Place for Dielectric Strength Test. 


henol fiber of suitable coefficient of expansion is used for supporting the brass 
emispherical electrode tips and electrical connection is made by a copper wire 
‘trough the center of the fiber rod. The volume of the container may be reduced 
accommodate small samples by the insertion of wedges of carefully dried wood 
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APPENDIX IV 


MEASURING CELL FOR RESISTIVITY, POWER FACTOR AND 
DIELECTRIC CONSTANT MEASUREMENTS OF SOLID 
FILLING AND TREATING COMPOUNDS 

A conductivity cell that has been developed for the purpose of measuring 
the volume resistivity as well as other electrical constants of solid filling and treat- 
ing compounds and oil is shown in Fig. A4. The concentric cylinder type of ce 
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Fic. A4.— Apparatus for Volume Resistance - ‘Temperature Characteristics Test 


was chosen after experimenting with various types for the following points of sit 
plicity and efficiency: 

1. Ease of insulating electrodes. 

2. Large area of electrodes in compact form, the outer one of which al 
serves as container for the compound. ‘This outer electrode is also expos 
directly to the heating medium and aids in rapid changes from one temperatu 
to another and also promotes uniform temperature distribution to t 
comparatively thin layer of compound in contact with it. 

3. Comparative ease in assembling and disassembling cell and cleaning. 

This type of cell permits the use of a very smal] amount of insulatt 
material to insulate the electrodes. Mycalex has been found to be a satisfacto 
material for this purpose due to the fact that it can be machined to size a 
has good insulation resistance characteristics over the temperature range 
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which these compounds are normally tested. Also, it apparently is unaffected 
by the solvents used in the cleaning operation. 

A suggested method of cleaning the cell is to remove the bottom retaining 
ring and to hang the cell in an oven by a hook fastened through a hole drilled 
in the protruding stem. Upon heating, the outer cylinder will slide away from 
the inner electrode and both parts will drain fairly clean of the compound. 
In order to speed up this cleaning, the flame of a bunsen burner may be applied 
directly to the cell after removing the cap and suspending the cell by the 
protruding stem. Further application of the flame to the cylinder and inner 
electrode after they separate will rapidly remove most of the compound and 
the final cleaning of each part can be accomplished by suitable solvents. 


. 
7 


1025, 
S 
2 
it | 
| 
: 
g- 
| 


TENTATIVE METHODS OF TESTING LAMINATED 
ROUND RODS USED IN ELECTRICAL 
INSULATION! 


A.S.T.M. Designation: D 349-35 T 


This is a Tentative Standard and under the Regulations of the Society is subjec prov 
to annual revision. Suggestions for revision should be addressed to the Head it is 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 

IssuED, 1932; REVISED, 1934, 1935. cent 

Scope of 2 
1. These methods are intended to apply to laminated round rod ws 
materials to be used as electrical insulation. uaa 


TENSILE STRENGTH The 
Apparatus cont 


2. Any standard type of testing machine may be used provided a Ta 
it is accurate to within 1 per cent of the lowest load for which it is Speci 
used. Jaws which tighten under load, such as wedge grip jaws, shall 
be used with the specimen properly aligned. Proce 


Appa 


Specimens 

3. The specimens shall be about 12 in. in length. When the Repo 
diameter of the rod is } in. or over, a lathe cut 1 in. in width and 
#y in. in depth with corners rounded to a radius of 3 in. shall be 
made around the rod at the center. 


Procedure 
4. Five specimens shall be tested. 


Temperature 
5. All tests shall be made at normal room temperature of about 
20 C. (68 F.). 


Speed of Testing Machine 

6. The cross-head speed of the testing machine shall be such that 
the load can be accurately weighed but shall not exceed 0.05 in. per 
minute when the machine is running idle. 


0.00) 


Report 
7. The report shall include the following: | _ 
(a) The diameter of the specimen expressed to the neares! 
0.001 in., determined from at least two measurements 90 deg. apart 


! Under the standardization procedure of the Society, these methods are under the jurisdictios 
q of the A.S.T.M. Committee D-9 on Electrical Insulating Materials. 
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(0) The breaking load of each specimen in pounds or kilograms. 

(c) ‘The tensile strength of each specimen in pounds per square 
inch or kilograms per square centimeter. 

(d) ‘The room temperature. 


Apparatus 


8. (2) Any standard type of testing machine may be used 
provided it is accurate to within 1 per cent of the lowest load for which 
it is used. 

(b) The specimen shall be tested as a simple beam loaded at the 
center. ‘The supports shall have contact edges rounded to a radius 
of }in. The distance between the points of support shall be 4 in. 
when the diameter of rod is 3 in. or over. For smaller rods the dis- 
tance between supports shall be eight times the diameter of the rod. 
The load shall be applied through a steel block having a semi-circular 
contact edge of the same radius as the rod with edges rounded to 
a radius of } in. 

Specimens 


9. The specimen shall be 5 in. in length. »- 


Procedure 
10. Five specimens shall be tested. we. = 


Report 
11. The report shall include the following: a 
(2) The diameter of the specimen expressed to the nearest 
1 in., determined from at least two measurements 90 deg. apart. 
(}) The breaking load of each specimen in pounds or kilograms. 
(c) The maximum fiber stress in pounds per square inch or kilo- 


ms per square centimeter, calculated according to the following 
mula: 


S = the maximum fiber stress; 


W = the breaking load in pounds or kilograms; 
L = the distance between supports in inches or centimeters; 
d = the diameter in inches or centimeters. 


COMPRESSIVE STRENGTH 
Apparatus 


_ 12. Any standard type of testing machine may be used provided 
‘Is accurate to within 1 per cent of the lowest load for which it is 
ed. One end of the specimen shall bear upon an accurately centered 
pherical bearing block, located whenever practicable, at the top. 
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The metal-bearing plates shall be directly in contact with the ends 
of the test specimen. 


Specimens 

13. Samples shall be tested as received in specimen lengths 
1 in. ‘The ends shall be accurately cut or ground square with t 
sides. 
Procedure 


14. Five specimens shall be tested with the load applied perp 
dicular to the faces or ends of the specimen. 


Report 

15. The report shall include the following: 

(a) The diameter of the specimen expressed to the nea 
0.001 in., determined from at least two measurements 90 deg. ap: 

(b) ‘The load on each specimen in pounds or kilograms at 
first sign of rupture. 

(c) The ultimate compressive strength in pounds per square 
inch or kilograms per square centimeter calculated from the data 
obtained on the application of the load perpendicular to the face of 
the specimen. 


DENSITY 
Specimens 


16. ‘wo specimens shall be tested. Any suitable size specimen 
may be used. ‘The samples used for the compressive strength test 
Section 13, will be found convenient. 


Procedure 

17. Any suitable weight-difference apparatus for making read- 
ings in water and air, or the weight and dimensions of the specim 
may be used as a basis for calculating the density. 


Report 


a 18. The report shall express the density in c.g.s. units. 


WATER ABSORPTION TEST 


_ Rate of Absorption 
Specimen 


19. The test specimen shall be 1 in. in length for rods 1 in. i 
diameter or under, and } in. in length for larger diameter rods. The 
diameter of the specimen shall be the diameter of the rod. The 
specimen shall be cut from the sample with a smooth cutting sa¥. 
The cut edges shall be finished with No. 0 or finer sandpaper or emery 
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AS.T.M. Destcnation: D 349-35 
doth. ‘Sawing and sand-papering operations shall be slow enough 
39 that the material is not heated appreciably. The thickness in 
inches to the nearest 0.001 in. shall be measured at the center of the 
specimen. 


Procedure 


20. To determine the rate of absorption, two specimens shall be 
tested individually as follows: 

(2) The specimen shall be weighed, dried in an oven for 1 hr. ata 
temperature between 105 and 110 C. (220 and 230 F.), cooled in a 
desiccator and immediately re-weighed. The difference between the 
original weight and the dry weight shall be recorded as loss in weight 
on drying. ‘The percentage loss in weight shall be calculated on the 
original weight. 

(6) The dried specimen shall then be immersed in distilled water 
maintained at a temperature of 25 C. +2 C. (77 F. +3.6 F.) throughout 
the test. At the end of 2 hr., the specimen shall be removed from the 
water, the surface water wiped off with a dry cloth and the specimen 
weighed immediately, and then replaced in the water. The difference 
between the weight of the wet specimen and that of the dry specimen 
shall be recorded as the weight of water absorbed in 2 hr. The 
percentage of water absorbed in 2 hr. shall be calculated on the 
weight of the dry specimen. 

(c) After 24-hr. immersion, the specimen shall again be removed 
from the water, the surface water wiped off with a dry cloth and the 
specimen weighed. ‘The difference between the weight of the specimen 
after 24-hr. immersion and the weight of the dry specimen shall be 
recorded as the water absorbed in 24 hr. ‘The percentage of water 

sorbed in 24 hr. shall be calculated on the weight of the dry specimen. 
lf the individual 24-hr. absorptions differ by more than 10 per cent 


m the average absorption of the two specimens, the test shall be 


Report 


21. The report shall include the values for each of the two 
specimens and the average values as follows: 

(2) The diameter and length of the specimen before the test, to 
ié nearest 0.001 in. 


(b) The percentage loss in weight on drying calculated on the 
onginal weight. 


© The percentage < water absorbed in 2 hr. and in at Be. 
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TENTATIVE METHODS OF TESTING LAMINATED TUBES 
USED IN ELECTRICAL INSULATION! — 


A.S.T.M. Designation: D 348-35 T 


This is a Tentative Standard and under the Regulations of the Society is subj 
to annual revision. Suggestions for revision should be addressed to the Hea. 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1932; REVISED, 1932, 1934, 1935. 


1. These methods are intended to apply to laminated tubes t 
be used as electrical insulation. 


TENSILE STRENGTH 


Apparatus. 2. Any standard type of testing machine may be used provided 
it is accurate to within 1 per cent of the lowest load for which it is 
used. Jaws which tighten under load, such as wedge grip jaws, shall 
be used with the specimen properly aligned. Steel or brass plugs, 
33 in. in length and of a suitable diameter with edges rounded to 


7e-in. radius will be required. The plugs shall fit the specimen to 
within 0.010 in. They can be conveniently located in the tube by 
separating and supporting them on a metal rod, the lower end of 
which is screwed into the lower plug, and the upper end rests in a 
loose socket as shown in Fig. 1. 


Specimens. 3. Test specimens shall be 12 in. in length. Where the wa 


oe thickness of tubing is } in. or over, a lathe cut 1 in. in width a 


#5 in. in depth, with corner rounded to a radius of 3 in. shall be mad 
around the tube at the center. 
Procedure 4. Five specimens shall be tested. The average inside and out 
_ side diameters determined from at least two measurements 90 deg 
apart shall be measured at the groove to the nearest 0.001 in. a 
the cross-section area shall be calculated from these dimensions. 1 
metal plugs shall be assembled with the tube as shown in Fig. 
This assembly shall then be grasped in the V-notched jaws of t 
testing machine. 
5. The cross-head speed of the testing machine shall be suc 
that the load can be accurately weighed but shall not exceed 0.05 1 
per minute when the machine is running idle. 


* Under the standardization procedure of the Society, these methods are under the jurisdictios 
of the A.S.T.M. Committee D-9 on Electrical Insulating Materials. oe 7 
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6. The report shall include the following: . Report. 

(a) The average inside diameter of the specimen expressed to 
the nearest 0.001 in. determined from at least two measurements 
90 deg. apart. 

()) The average outside diameter of the specimen expressed to 
the nearest 0.001 in. determined from at least two measurements 
90 deg. apart. 

(c) The average outside diameter of the reduced section expressed 
to the nearest 0.001 in., if a groove was used. 

(d) The full wall thickness of the specimen. an 

_(e) The net area of the test section. : 
_(f) The breaking load of each specimen in pounds or kilograms, 
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Fic. 1.—Metal Plugs Used for Tension Test, Showing Location of Plugs in Test 
Specimen. 


(g) The tensile strength of each specimen in pounds per square 
inch or kilograms per square centimeter. 
(kh) The room temperature. 


COMPRESSIVE STRENGTH 


__ 7. Any standard type of testing machine may be used provided Apparatus. 

it Is accurate to within 1 per cent of the lowest load for which it is 

used. One end of the specimen shall bear upon an accurately centered 

spherical bearing block, located whenever practicable at the top. 

The metal bearing plates shall be directly in contact with the ends 

of the test specimen. f 
__ 8. Samples shall be tested as-received in specimen lengths of 1 in. Specimens. 
Care shall be taken in cutting the specimens for the axial test to 
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Procedure. 
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have the ends of the specimens cut accurately at right angles to the 
axis of the tube. Specimens which are not cut squarely are likely 
to give low results on test. 

9. Five specimens shall be tested axially, with the load applied 
perpendicular to the faces or ends of the specimen, and five specimens 


_ shall be tested diametrically, with the load applied perpendicular to 


Specimens. 


Procedure. 


the tangent at point of application. 


10. The report shall include the following: 

(a) The average inside and outside diameters of the specimen 
expressed to the nearest 0.001 in., each determined from at least two 
measurements 90 deg. apart. 

(b) The average wall thickness of the specimen expressed to the 
nearest 0.001 in. 

(¢) The direction of application of the load. 

_ (d) The load on each specimen at the first sign of rupture, in 
pounds or kilograms. 

(e) The ultimate compressive strength in pounds per square inch 
or kilograms per square centimeter, calculated from the data ob- 
tained on the application of the load perpendicular to the face of th 
specimen. 


WATER ABSORPTION 


11. (a) Specimens of tubes having inside diameters less than 3 in. 
shall be the full section of the tube and 1 in. in length. For larger 
tubes, a rectangular specimen shall be cut 3 in. in length in the cir- 
cumferential direction of the tube and 1 in. in width lengthwise of th 
tube. 

(b) The specimens shall be sawed from the sample so as to hav 
smooth edges free from cracks. ‘The cut edges shall be finished wit 
No. 0 or finer sandpaper or emery cloth. Sawing and sandpapering 
operations shall be slow enough so that the material is not heated 
appreciably. ‘The specimens shall be rinsed with gasoline to removi 
any oil from the machining operation, wiped with a dry cloth an 
allowed to stand in air for 2 hours to remove the gasoline. 

12. (a) The specimen shall be dried in an oven for 1 hour at 105 
to 110 C. and cooled in a desiccator. For materials which will not 
withstand this temperature the drying shall be omitted. 

(b) The dried specimen shall be immersed in distilled water 
maintained at a temperature of 25 C. + 2 C. (77 F. + 3.6 F. 
throughout the test. At the end of 2 hours, the specimen shall b 
removed from the water, the surface water wiped off with a dry cloth, 
weighed immediately, and then replaced in the water. If the spec: 
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men is J; in. in thickness or less it shall be weighed in a weighing 
yottle. ‘The difference between the weight of the wet specimen and 
that of the dry specimen shall be recorded as the weight of water 
absorbed in 2 hours. The percentage of water absorbed shall be cal- 
culated on the weight of the dry specimen. 

(c) After 24 hours’ immersion the specimen shall again be removed 
fom the water, the surface water wiped off with a dry cloth and the 
yecimen weighed. ‘The difierence between the weight of the speci- 
men after 24 hours’ immersion and the weight of the dry specimen 
shall be recorded as the water absorbed in 24 hours. ‘The percentage 
of water absorbed shall be calculated on the weight of the dry speci- 
men. If the individual 24-hour absorptions differ by more than 
\0 per cent from the average absorption of the two specimens, the 
test shall be repeated. 

13. The report shall include the following: 

(a) ‘The average inside and outside diameters of the specimen. 

(b) The average wall thickness of the specimen. 


(c) The percentage of water absorbed in 2 hours and in 24 hours. 


DIELEcTRIC STRENGTH 


14. A high-voltage transformer as described in Section 2 of the Apparatus. 
Tentative Methods of Testing Sheet, Tape and Molded Insulating 
Materials for Dielectric Strength (A.S.T.M. Designation: D 149 - 
344 T) of the American Society for Testing Materials,' shall be used. | 
The inner electrode shall consist of a brass rod 3 in. in length with 
| edges rounded to 3-in. radius. This should fit snugly inside of the 
tube to be tested. It shall be fitted with a binding post on one end. 
The outer electrode shall consist of a strip of metal foil 2} in. in 
vidth and long enough to extend around the circumference of the tube. 
15. Specimens for the dielectric strength test shall be 12 in. in Specimens. 
length. 
16. Five specimens shall be tested. ‘The brass rod inner electrode Procedure. 
shall be placed directly in the center of the tube and for the outside 
tlectrode a strip of metal foil 2} in. in width shall be wrapped around 
the tube. The tubes shall be immersed in oil and all tests shall be 
made at room temperature. Short-time and step-by-step tests shall be 
wade in accordance with the Tentative Methods of ‘Testing Sheet, — 
‘ape and Molded Insulating Materials for Dielectric Strength 


M. Designation: D 149 34 T) of the American Society for 
sting Materials. 


roceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 982 (1934); also 1935 Book of A.S.T.M. 7 
ative Standards, p. 980. 


| 
Report. 
| 
ve 
th | 
05 
not 
ter 
be 
sth, 
eci- 
| 


METHODS OF TESTING LAMINATED TUBES 


REPORT 


Report. 17. The report shall include the following: 


(a) The inside and outside diameters of the specimen expressed 
to the nearest 0.001 in. 

(b) The wall thickness of the specimen expressed to the nearest 
0.001 in. 

(c) The breakdown voltage of each specimen. 

(d) The average breakdown voltage of all specimens. 

(e) The average dielectric strength in volts per mil. 


DENSITY 


Specimens. 18. ‘T'wo specimens shall be tested. Any suitable size specimen 
may be used. ‘The specimen 1 in. in length used for the water absorp. 
tion test, Section 11, will be found convenient. 

Procedure. 19. Any suitable weight-difference apparatus for making read. 
ings in water and air, or the weight and dimensions of the specimen 
may be used as a basis for calculating the density. 

20. The report shall express the density in c. g. s. units. 


PHASE DIFFERENCE (POWER Factor) AND DIELECTRIC CONSTANT 


a 21. The phase difference and dielectric constant shall be deter 
poe mined in accordance with the Tentative Methods of Testing Electrical 
B voormseg Insulating Materials for Power Factor and Dielectric Constant 
’ (A.S.T.M. Designation: D 150-35 T) of the American Society for 


Testing Materials.! 


1 See p. 1044. 
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TENTATIVE METHODS OF TEST 


FOR 
GRADING NATURAL MICA! 


A.S.T.M. Designation: D 351-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Head- 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1932; REvIsED, 1933, 1935. 


1. These methods cover tests for the grading of all natural 
block mica and mica splittings for general use according to size, 
commercial quality, and thickness. 


GRADING ACCORDING TO SIZE a 


2. Natural mica shall be graded according to the area of the 
usable rectangle which can be cut from the specimen and the minimum 
dimension of one side. The mica in the usable rectangle shall meet 
the quality requirements specified by the purchaser. 

3. The tentative standard A.S.T.M. chart shown in Fig. 1 (Plate 
[V) shall be used for grading natural block mica and mica splittings 
according to size. 

4. The specimen to be graded shall be laid upon the chart so 
that it covers point O and has its maximum and minimum dimensions 
extending along and covering the lines OA and OB, respectively. The 
specimen should be shifted until its usable area completely covers 
the largest rectangle determined by a diagonal extending from point 
0 to or beyond a point on any of the curves, Nos. 6, 53, 5, 4, 3, 2, 1, 

rA-1. The number of the curve at greatest distance from O cut 
the diagonal of the rectangle designates the grade of the specimen. 


Note.—The A.S.T.M. chart complies closely with the following so-called India 
ding scale, in general use for many years: 


M1niIMUM 
AREA OF RECTANGLE, DIMENSION 


SQ. IN. One Sipe 


48 to 60 


GRADE 


4 in. 
3 in. 
2 in. 
2 in. 
1} in. 
1 in. 
1 in. 
2 in. 


A.S.T.M. 
Chart. 


Method of 
Grading for 
Size. 


— 
| 
. . 
‘Under the standardization procedure of the Society, these methods are un< jurisdiction . 
“tthe A.S.T.M. Committee D-9 on Electrical Insulating Materials. | 
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DETERMINATION OF COMMERCIAL QUALITY 


Commercial 5. The commercial quality of mica shall be judged i in term: 
Quality. the following scale: 


QuaALiry DESCRIPTION 
Free of all a and vegetable inclusions, stains, air inclus 


waves or buckles. Hard transparent sheets. 


Clear and Free of all mineral and vegetable inclusions, cracks, waves, 
Slightly Stained buckles but may contain slight stains and air inclusions. 


{ Free of mineral and vegetable inclusions and cracks. H 


Fair Stained Contains slight air inclusions and is slightly wavy. 


Good Stained f Free of mineral inclusions and cracks but contains air inclus 
‘*** | some vegetable inclusions and may be somewhat wavy. 


Free of mineral inclusions and cracks but may contain con- 
siderable clay and vegetable stains and may be more wavy 
and softer than the better qualities. 


Black Stained Same as Stained but contains mineral inclusions. _ 
or Spotted 


Note.—It is proposed to prepare a set of master standards complying with tl 
above descriptions, from which sets of photographic prints or transparent < 
chrome plates can be furnished. 


‘THICKNESS 

Thickness. 6. (a) Measurements of the thickness of mica shall be det 
mined with a machinist’s micrometer as specified in the ‘Tentati 
Methods of ‘Test for Thickness of Solid Electrical Insulation (A.S.T.M 
Designation: D 374-34 T) of the American Society for Test 
Materials.!_ In determining thickness of mica which must be hel 
close tolerance or where two or more specimens are to be measure 
once, Method A shall be used. Where the maximum accuracy is 
required, Method B may be used. 

(b) Because of the abrasive nature of mica, the micromet 
shall be tested frequently for conformity to the requirements specif 
in the ‘Tentative Methods D 374. ‘The anvil and spindle shall 
cleaned as frequently as necessary to prevent the accumulatio 
mica dust on their surfaces and to preserve the accuracy of the meas 
ments. ‘To clean, the micrometer shall be closed lightly on a ¢ 
sheet of bond paper and the paper moved between the surfaces. 

Note.—Care must be exercised in moving from one measurement locati 
another to maintain the surfaces of the anvil and spindle parallel to the su! 


of the specimen at all times so as to avoid scratching the mica and accumul 
mica dust under the micrometer surfaces which will cause false readings. 


* Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 1069 (1934); also 1935 Book of A‘ 
Tentative Standards, p. 1087. 
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TENTATIVE METHODS OF TESTING MOLDING POWDERS 
USED IN MANUFACTURING MOLDED ELEC- 


TRICAL INSULATORS! 


A.S.T.M. Designation: D 392 - 35 T 


This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Head- 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1934; REVISED, 1935. 

1. These methods cover tests for certain physical properties of 
molding powders, used for the manufacture of electrical insulators and 
other plastic molded parts. These powders consist of an organic 
binder of either the thermo-plastic or heat-reactive type and organic 
or inorganic fillers or mixtures of such fillers. 


SAMPLING 
Purpose 


2. This sampling procedure is intended for obtaining a repre- 
sentative sample of a batch or shipment of molding compound from 


the manufacturer’s original packages. 


Procedure 


3. (a) If the complete shipment is indicated by the manufac- 
turer’s marking to consist of only one batch or “run” of material, 
the number of packages selected for sampling shall be not less than 
\0 per cent of the packages in the batch, and in any case, not less than 

packages. ‘The packages selected for sampling may be chosen at 

idom, or in case the manufacturer has marked the packages to 

licate the order in which they were filled from his batch, the selec- 

nm may be made with reference to this order of filling, if desired by 
the purchaser. If the shipment consists of more than one batch or 
tun” of material, each batch shal! be sampled separately to produce 
ne composite blended sample for examination for each batch in the 
hipment. 

(6) The packages selected shall be opened carefully, making sure 
‘nat no contamination enters them from scale, paint, shattered heads, 
torn liners, or other causes. From each standard size drum sampled, 


‘Under the standardization procedure of the Society, these methods are under the jurisdiction 
{the A.S.T.M. Committee D-9 on Electrical Insulating Materials. 
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an equal number of scoopfuls of material shall be taken from a point 
about 3 in. below the surface. From smaller packages the sample 
shall be taken from a point 1 in. below the surface. The materia] 
shall be transferred to a clean, dry, sheet metal or glass container. 
capable of being tightly closed. The gross quantity of sample taken 
shall be approximately twice that estimated to be required for the 
tests which are to be made. ‘This allowance is made in order to per. 
mit repeat tests without re-sampling. The composite sample shall be 
blended thoroughly before using for the desired tests. 

Note.—Drums of molding powder in transit, and frequently during packi 
the manufacturers’ plant, become shaken down and frequently are so densely 
pacted that only a few ounces of material would fall out if the container wer 
verted. ‘The few coarse particles not bound in the mass show plainly on th 
surface, giving the impression that the fines have sunk and the coarse part 


risen. A check-up by sieve analysis of samples taken just under the surface 
throughout the drum, ordinarily fails to disclose segregation. 


PARTICLE SIZE DETERMINATION OR SIEVE ANALYSIS 
Scope 


4. Two procedures, Methods A and B, are given for determi 
the size distribution of the particles in the molding powder bei 
examined. Method A is a complete sieve analysis and Method B 
shorter check method by which the relative quantities of coarse 
fine particles in a powder may be readily determined. 


General Description 


5. The test is made by distributing the powder on a series 
sieves of different mesh openings and determining the weight 
material retained by each sieve after thorough shaking. 


Apparatus 


6. (a) Sieves—The sieves used shall be of the U. S. Stan 
Sieve Series, half-height, 8 in. in diameter, conforming to the requi 
ments of the Standard Specifications for Sieves for Testing Purpo: 
(A.S.T.M. Designation: E 11) of the American Society for Test 
Materials.! The following sieves together with a cover and bot 
pan will be required: 


U. S. STANDARD SIEVE SERIES NUMBER Steve Orentnc, M 
No. 
No. 
No. 
No. 
No. 
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(b) Machine Sieving Device—There will also be required a 
mechanical sieve-shaking device and an automatic time switch or 
equivalent device. 

(c) Balance.—A sensitive laboratory balance of 500-g. capacity, 
sensitive to 0.1 g., shall be used for weighing the sample and the 
residue retained on the sieves. Other accessories required are suitable 
brushes for cleaning the sieves, paper for collecting samples and any 
other items of equipment ordinarily used in making a sieve analysis. 


Method 

7. The sieves specified in Section 6 shall be stacked together in , 
the order of size opening with the coarsest on top and the pan on the 
bottom. A 100-g. sample (Note 1) shall be accurately weighed and 
transferred to the top sieve of the stack which shall then be covered. 
The stack of sieves shall then be placed in the machine sieving device 
and shaken for 10 min., = 15 sec. After shaking, the stack of sieves 
shall then be carefully separated, beginning at the top, and the amount 
of material retained on each sieve and in the bottom pan shall be 
determined by weighing. In transferring the powder from the sieve 
to the weighing scale, care shall be taken to brush clean from the back 
of the sieve all adhering particles. The cumulative percentage of 
original sample retained on each sieve and in the bottom pan shall 
be calculated (Note 2). 


eport 
8. The report shall include the following: 


(2) the actual percentage of material retained on each sieve, and 
(b) the cumulative total percentage of material retained on each 
sieve and in the bottom pan. 


Method B 


General Description 

9. The test is made by distributing the powder on one coarse 
ind one fine sieve and determining the weight of the material retained 
m each sieve after thorough shaking. 
Apparatus 

10. (a) Sieves—The sieves used shall be of the U. S. Standard 
Sieve Series conforming to the requirements of the Standard Specifi- 
cations for Sieves for Testing Purposes (A.S.T.M. Designation: 
E 11) of the American Society for Testing Materials.! The sieves 
tequired are the No. 12 (1680-micron) and No. 140 (105-micron) 
together with a cover and bottom pan. 


+1933 Book of A.S.T.M. Standards, Part II, p. 1244. _ 
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(b) Mechanical Sieving Device——There will also be required a 
mechanical sieve-shaking device and an automatic time switch or 
equivalent device. 

(c) Balance.—A sensitive laboratory balance of 500-g. capacity, 
sensitive to 0.1 g., shall be used for weighing the sample and the 
residue retained on the sieves. Other accessories required are suitable 
brushes for cleaning the sieves, paper for collecting samples and any 
other items of equipment ordinarily used in making a sieve analysis 
Method 

11. The No. 12 sieve shall be stacked on the No. 140 sieve with 
the pan underneath. A 100-g. sample (Note 1) shall be accurately 
weighed and transferred to the No. 12 sieve, which shall then be 
covered. The stack of sieves shall then be placed in the machine 
sieving device and shaken for 10 min., +15 sec. After shaking, the 
sieves shall be carefully separated and the amount of material retained 
on each sieve and in the bottom pan shall be determined by weighing 
In transferring the powder from the sieve to the weighing scale, care 
shall be taken to brush clean from the back of the sieve all adhering 
particles. Weigh and record the weights from each sieve and the 
pan separately and calculate the percentages retained on the No. 12 
and through the No. 140 sieve (Notes 2 and 3). 

Report 

12. The report shall include the two percentages of coarse and 
fine material, respectively, as calculated in Section 11. Note should 
be made of any unusually large particles found on the No. 12 sieve 


Nore 1.—If necessary this test may be made on a sample of any size from 
to 200 g. The weight of sample used shall be stated in the report. 

Nore 2.—Ordinarily there is a small loss of dust indicated by the cumulat 
total of actual weight being less than 100 percent. If this loss is not over 2 per 
the amount reported through the finest sieve shall be increased until the tot 
all portions of the sample equal 100 per cent. If the cumulative total of a 
weight is less than 98 per cent, the weights and operations shall be carefully che 
and the work repeated, if necessary. 

Note 3.—The consumer will probably be interested in particle size only al 
lines rather definitely restricted as follows: 

First, particles substantially larger than normal sieve size, such as mig 
present due to broken screen wire in the manufacturers’ plant, would tend to 
up tablet machine hoppers, give irregular tablet weights, and rough or str 
molded surfaces. Ordinarily a single coarse sieve provides a satisfactory ¢ 
that is, the No. 12 given in Method B. 

Second, an excess of very fine particles would tend to cause excessive dust 
high bulk factor and irregular tablet weights due to failure to pour freely. 
amount may be determined by the use of the No. 140 sieve in Method B.) A certat 
amount of the finest particle sizes is usually desirable for improving finish and ree 
ing bulk factor. Excessive fines may be indicated better by bulk factor and | 
ability than by sieve test. 
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APPARENT DENSITY 
Purpose 
13. The apparent density test is intended to determine the 
fluffiness or bulk of molding powder in loose condition by weighing _ 
and measuring a standard quantity of the loose powder. 


14. The apparatus shall consist of the following: 
(a) Measuring Cup.—A cylindrical measuring cup of 100-cc. 
capacity having a diameter equal to half the height. Such a cylinder 
vith would be 1.572 in. (3.99 cm.) in inside diameter by 3.144 in. (7.98 cm.) 
tely in inside height. = 
be (b) Funnel.—A funnel mounted as shown in Fig. 1. 
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Procedure 


Fic. 1.—Apparatus for Apparent Density Test of Molding Powders _ 


15. A well-mixed 120-cc. sample shall be selected from the 
general samples of powder. With the apparatus assembled as shown 
in Fig. 1, the small end of the funnel shall be closed with the hand or 
with a suitable flat strip of material and the 120-cc. sample poured 
into the funnel. The bottom of the funnel shall then be opened quickly 
and the material allowed to flow freely into the cup. If caking occurs 
in the funnel the powder may be loosened with a small glass rod. 
After all the material has passed through the funnel, the excess 
powder on the top of the cup shall be scraped off with a straight edge. 
The material in the cup shall then be accurately weighed to the 


nearest 0.1 g. The weight, in grams, of 1 cc. of powder shall then be 
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calculated (Note 1). Three determinations of the apparent density 
shall be made on each sample and the results averaged (Note 2). — 
Report 

16. The report shall include each value of apparent density and 
the average apparent density. 


Note 1.—To convert grams per cubic centimeter to ounces per cubic inch 
multiply by 0.576. ‘To convert grams per cubic centimeter to grams per cubic inch 
multiply by 16.38. 


Note 2.—Apparent density figures are not comparable except on compound 


having the same specific gravity after molding. OO _ 
BuLk Factor 


Bulk Factor 


17. Bulk factor is the ratio of the volume of any given quantity 
of loose molding powder to the volume of the same material after 
molding. By suitable transformation of this ratio, it will be found 
that the bulk factor is also equal to the ratio of the specific gravity 
after molding to the apparent density of the loose molding powder. 
Procedure 


18. (a) Apparent Density.—The apparent density of the molding 
powder shall be determined as described in Sections 13 to 16. 

(b) Specific Gravity.—The specific gravity of the molding powder 
(after molding) shall be determined by any accurate method; such 
as, weighing two or more samples molded from the molding powder in 
air and in water. ‘The average result obtained shall be used. If the 
shape of the piece is such that the volume may be readily calculated 
from the dimensions, it will be satisfactory to use this calculat 
volume in place of that determined by loss of weight in water. 

(c) Calculation —The bulk factor shall be calculated by dividing 
the average specific gravity of the molded piece by the average 
apparent density (in grams per cubic centimeter) of the molding 
powder. 

Report 

19. ‘The report shall include the average apparent density and 

specific gravity and the bulk factor (Note) calculated from them. 


Note.—The bulk factor test is comparable as between all grades of mo 
compound, regardless of the specific gravity after molding. 


POWDER POURABILITY 
Purpose 
20. The powder pourability test is to determine how ready 
molding powders will feed through the hoppers and deliver unifor! 
weights of material into the dies of tableting machines by measutit 
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the time of flow of a standard quantity through a standard funnel. 
The test is generally adaptable quantitatively only to materials Is of 
bulk factor 3.0 or less (see Section 17). 


( 
Apparatus 
The apparatus required consists of a funnel mounted as 
shown in Fig. 1, and a stop — 
Procedure 
22. A sample of the powder, equivalent to 100 times the molded 
specific gravity in grams (see Section 18 (b)) shall be taken. This 
sample shall be worked on a paper until there is no tendency of the 
‘ty material to pack or cake. With the apparatus assembled, as shown 
aoe in Fig. 1, the small end of the funnel shall be closed with the hand | : 
sad or with a suitable flat strip of material, and the sample poured lightly 
ft into the funnel, avoiding any tendency to pack it. The bottom of 
a the funnel shall then be opened quickly, and the stop watch shall be 4 
started at the same instant. ‘The powder shall be allowed to run 
irom the funnel as freely as it will and the watch shall be stopped at 
ling the instant the last grains leave the funnel. 

Notre.—Correct mold charges are those weights which produce the constant 
vder jolded volume of the piece to be molded and shall be so measured. Comp: irable 
uch juantities of material for this test are therefore some multiple of the molded specific 
er In tavity, 100 being taken as convenient. 
the > 
oe 23. The report shall state the time in seconds required for the 

lunnel to discharge or that the material will not run through the 
lunnel, if so found (Note). 
orage Note.—Molding powders which are not measurable by this test generally do 
ding not feed well without special feeders. 
r and 
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TENTATIVE METHODS OF TESTING | ELECTRICAL 
INSULATING MATERIALS FOR POWER FACTOR 
DIELECTRIC CONSTANT! 


A.S.T.M. Designation: D 150-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Head- 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1922; REVISED, 1923, 1927, 1931, 1932, 1934, 1935. 


1. These methods provide for the determination of the power 
factor and dielectric constant of solid electrical insulating materials 
at frequencies in the order of: 

(a) 100 to 1500 kilocycles, the procedure being described in Sec- 

tions 12 to 23, inclusive; 

(b) 1000 cycles, the procedure being described in Sections 24 

to 30, inclusive. 

(c) 25 to 60 cycles, the procedure being described in Sections 31 

to 36, inclusive. 
DEFINITIONS 

2. Power Factor—The power factor of an insulating material | 
the ratio of the total power loss (watts) in the material to the product 
of voltage (volts) and current (amperes) in a capacitor in which 
that material is the dielectric. 

3. Dielectric Constant.—The dielectric constant of an insulating 
material is the ratio of the equivalent parallel capacitance (see Fig. 3 
of a capacitor in which that material is the dielectric to the capacitance 
of a similar capacitor in which the dielectric is a vacuum. (For 
practical purposes air dielectric is equivalent to a vacuum.) 

4. Loss Factor.—For the purpose of these methods the loss factor 
of an insulating material is the product of its dielectric constant and 
the cotangent of its phase angle (6, l'igs. 2 and 4). 

Note.—When the cosine of the phase angle is less than 0.1, the cosine and 
cotangent are practically equal, and loss factor may be calculated from the follow- 
ing formula: 

Loss factor = Dielectric Constant, K * Power Factor 


THEORY OF TEST 
5. (a) Series Notation—Any insulating material between two 
electrodes constitutes a capacitor. Such a physical capacitor may be 


1 Under the standardization procedure of the Society, these methods are under the jurisdict 
of the A.S.T.M. Committee D-9 on Electrical Insulating Materials. 


| 

i 
al 
th 
tic 
| ta 
Scope. 
| 

| 
| 

mi 
be 
| Th 
| of 
| de 
ser 
in 
| anc 
of 
| rel; 
is: 
wh 


represented by a capacitance C and a resistance R in series as shown 
in Fig. 1. The resistance R is called the equivalent series resistance 
and the capacitance C is called the equivalent series capacitance of 
the capacitor. For sine-wave voltage and current the vector rela- 
tions are as shown in Fig. 2. The power factor is: is 


Power Factor = cos @ = sinW = sin tan=! RoC 
where R = the resistance in ohms; 
2m times the frequency in cycles; and 
C = the capacitance in farads. 

Since, for small angles the sine is substantially equal to the 
tangent, the power factor equals RwC, approximately. This is cor- 
rect to closer than 0.5 per cent of the power factor value for 
power factors up to 0.1. Where R is expressed in ohms, C in micro- 

RI 


Fic. 1.—Equivalent Series Circuit. Fic. 2.—Vector Diagram for Equivalent 
Series Circuit. 


microfarads and the frequency, f, in kilocycles, this expression 
becomes: 


Power Factor = 6.28 RCf X 107° 


The power factor is, therefore, determined by measuring the values 
of Rand C. This may be done by the Substitution Method as 
described in Sections 15 and 16. 

(b) Parallel Notation—A physical capacitor may also be repre- 
sented by a capacitance C, and a resistance R, in parallel as shown 
in Fig.3. The resistance R, is called the equivalent parallel resistance 
and the capacitance C, is called the equivalent parallel capacitance 
of the capacitor. For sine-wave voltage and current the vector 
relations are as shown in Fig. 4. For this notation the power factor 


G 
Power Factor = cos @ = sinY = sin tan™ oar 
where G = the conductance in mhos; oe 


2m times the frequency, in cycles; and 
the capacitance in farads. 


| 
| 
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Making the same approximations as in Paragraph (a), the power 


factor for practical purposes is taken as ’. - Where G is expressed 
WL 


in micro-mhos, the frequency, f,in kilocycles, and C, in micro-micro- 


farads, this expression becomes: a 
G 10 
Power Factor = 1.59 


{Cy 
It will be seen that G and C, determine the power factor. They may 
be measured by the Bridge Method as described in Sections 20 and 21. 
The equivalent series capacitance C as determined by the Sub- 
stitution Method, Sections 15 and 16, and the equivalent parallel 


1 
Rp=G 


e 


Cp 


EG 
Fic. 3.—Equivalent Parallel Circuit. Fic. 4.—Vector Diagram for Equivalent 
Parallel] Circuit. 
capacitance C, as determined by the Bridge Method, Sections 19 
and 20, are not identical; but for power factors up to 0.1 they are 
equal to within 1 per cent. Either value may be used in calculating 
the dielectric constant. 
6. (a) Sheet Materials —For sheet materials, the dielectric con- 
stant, K, may be calculated from the following formula: 
(Cc Cit 
0.0885A 
where? = the average thickness of dielectric between electrodes, in 
centimeters; 
A = the contact area of either of the equal electrodes in square 
centimeters; 
C = the measured capacitance in micro-microfarads; 
C, = the edge correction obtained from the curve in Fig. 5.' 
The determination of C, requires a knowledge of the approximate 
value of K which can always be obtained by making a preliminary 


1 For details of the determination of the edge correction, see E. L Hoch, Bell System Journ 
Vol. V, pp. 555-572c, October, 1926. 


Dielectric constant, K = 
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calculation, neglecting C, in the above formula. For thickness #, 
inches, and area A, in square inches, the above formula becomes: 
(C—C,)t 
0.224 A 


Dielectric constant, K = 


()) Tubes.—For materials in the form of tubes, the dielectric 
constant, K, may be calculated from the following formula: 
3.64 (Ci — C) 
D — hk) 
where ¢ = the thickness of the tube in centimeters; 
= the mean diameter in centimeters; 


Dielectric constant, K = 


© 
&S 
Cc 
@ 

uw 


In micro-microfarads 


Dielectric Constant, K. 
Fic. 5,—Edge Correction Curve for 4.5-in. Diameter Electrodes. 


C; = the measured capacitance in micro-microfarads when the 
electrodes have a length of /, centimeters; and 
C, = the measured capacitance in micro-microfarads when the 
electrodes have a length of /, centimeters. 
Note.—The two measurements C,; and C2 are made with different electrode 
lengths 4 and & for correction of edge effect. 
If the tube thickness is so small, or the electrode length so large that the 
ige correction may be neglected, then the dielectric constant, K, may be calcu- 
‘ated from the following: 
3.64C 
Di 


where C = the measured capacitance in micro-microfarads for electrodes of length 
centimeters. 


Dielectric constant, K = 
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Loss Factor. 7. ‘The power loss per unit volume of insulating material for a 
stated frequency, voltage gradient and temperature is proportional to 
the product of its dielectric constant and the cotangent of its pha 
angle (@, Figs. 2 and 4). Therefore, the loss factor is defined as: 

_ Loss Factor = Dielectric Constant, K X Cotangent of Phase Angle, @ 


Nore 1.—Sine-wave voltage is assumed. 
Notre 2.—When the cosine of the phase angle is less than 0.1, the cosine ar 
cotangent are practically equal, and loss factor may be calculated from the follo 
ing formula: 


Loss Factor = Dielectric Constant, K X Power Factor 


TEST SPECIMENS 
Test 8. (a) Molded, Sheet, or Ceramic Materials.—For testing molded, 
Specimens. sheet, or ceramic materials (see also Tubes, Paragraph (c)) the 
test specimen shall be either a disk 6 in. (15.24 cm.) in diameter 
or a square 6 in. (15.24 cm.) on a side. The thickness shall 
preferably not be less than 0.1 in. (0.254 cm.) nor more than 0.3 in. 
(0.762 cm.). The thickness shall be uniform to +5 per cent, and the 
surfaces shall be smooth and free from irregularities. Other thick- 
nesses may be used where it is desired to test materials of the various 
thicknesses in commercial use. In any case, the capacitance of the 
specimen shall preferably not be less than 100 micro-microfarads. 

(b) Films.—For testing films of insulating varnish, lacquer, or 
paints, the test specimen shall be prepared as specified for the dielectric 
strength tests in Appendix II to the Tentative Methods of Testing 
Varnishes Used for Electrical Insulation (A.S.T.M. Designation: 
D 115 -35 T) of the American Society for Testing Materials.’ ‘The 
copper or brass plate shall be one capacitor plate, and tin-foil the other. 
Both varnish films may be tested individually. 

(c) Tubes.—For testing rolled or molded laminated tubes, or 
ceramic tubes the test specimen shall have the diameter and wall 
thickness of the material it represents, and shall be of sufficient length 
to provide a capacitance of not less than 100 micro-microfarads. The 
thickness shall be uniform to + 5 per cent, and the surfaces shall 
be smooth and free from irregularities. 


Conditioning 9. Before the specimens are tested, they shall be kept for 48 
Al hours under uniform atmospheric conditions. Unless otherwise spect 


fied, these conditions shall be a relative humidity of 60 per cent and 
a temperature of 20 to 30 C. A satisfactory method of maintaining 
constant humidity is given in Section 13 of the Standard Methods of 
Test for Resistivity of Insulating Materials (A.S.T.M. Designation: 


D 257) of the American Society for Testing Materials. 
21933 Book of A.S.T.M. Standards, Part II, p. 1107. 
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10. (a) Molded or Sheet. Materials.—The electrodes shall consist of 
tin or lead-foil disks 4.5 in. (11.43 cm.) in diameter and approximately 
0.001 in. or 0.002 in. (0.025 or 0.050 mm.) in thickness. They shall 
be applied to the surface of the specimen and shall be accurately 
centered with respect to each other and approximately with respect to 
the specimen. A very thin coating of petrolatum shall be used as 
an adhesive. 

(b) Films.—For testing materials of thickness less than 0.1 in. 
(0.254 cm.), such as thin-sheet insulating materials and films of insu- 
lating varnish and lacquer, the electrode area may be adjusted to 
give any convenient capacitance above 100 micro-microfarads. When 
calculating the dielectric constant of such materials, the edge correc- 
tion should be omitted. 

(c) Tubes.—The outer electrode shall consist of tin or lead foil. 
The inner electrode shall consist either of tin or lead foil, or of mer- 
cury. ‘The electrodes shall completely cover the tube surfaces to 
within 3 in. of the ends of the specimen, shall be centered approxi- 
mately with respect to the length of the specimen, and shall be located 
exactly opposite each other. 

Nore 1.—A very thin coating of petrolatum is a good adhesive for the foil. A 
cork or a wax plug provides means for holding the mercury in the tube. 

Note 2.—Test Cell for Insulating Oils.—A cell that has been found suitable 
for power factor and dielectric constant measurements of ordinary insulating oils 
is described in the Appendix. 

11. It is frequently desirable to measure the losses in materials 
at temperatures other than room temperature. In order to do this 
the apparatus for holding the specimen may be placed within an oven 
ior elevated temperatures and a refrigerator for lower temperatures. 
In either case the temperature shall be controlled accurately. Proper 
care shall be exercised in carrying the leads from the bridge to the 
specimen so that they are properly insulated and shielded. 


Note.—It is desirable to measure the humidity at all temperatures. Humidity 
y cause changes as large or larger than those caused by temperature. 


PROCEDURE AT FREQUENCIES IN THE ORDER OF 100 TO 1500 
KILOCYCLES 

_ 12. (a) The method of measurement may be either the Substitu- 
tion Method as described in Sections 13 to 16, or the Bridge Method 
as described in Sections 17 to 21. 

(b) The power factor and dielectric constant of at least two 
specimens shall be measured at such frequencies as may be mutually 
agreed upon between the supplier and the purchaser. Unless other- 


wise agreed upon the f requencies shall be approximately 100 kilocycles 
and 1000 kilocycles. 


Electrodes. 
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A. Substitution Method 
APPARATUS 


Generating 13. Oscillator —The generating circuit for the Substitution Method 
Circuit. shall consist of an oscillator (preferably a vacuum tube) which is the 
power source. ‘This oscillator shall be designed so as to be easily 
adjustable over a range of frequencies from 100 to 1500 kilocycles, and 
shall have a power rating sufficient to prevent any reaction on fre. 
quency or voltage output when coupled to the measuring circuit. 
The oscillator output shall be of approximately sine-wave form, hav- 
ing not more than 5 per cent harmonic components. The oscillator 
shall be well shielded. The entire apparatus shall be installed in a 
well-shielded room or so located as to be free from interference. 


Tuning 
Coupling Capacitor 
Coil. 


_-Mereury Contact 
LA f Switch 
To Oscillat } | 
ypecimen 
QT Adjustable 
= Standard 
Thermocouple Capacitor 


Resistor 


Galvanomefer 


Fic. 6.—Measuring Circuit Diagram for Determination of Power Factor and 
Dielectric Constant by the Substitution Method. 


Measuring 14. The measuring circuit is shown in Fig. 6 and shall consist of 
Circuit. the following parts: 

Coupling Coils.—Several coupling coils so designed as to tune over 
the required frequency range to within 1 per cent of the frequency 
desired. For convenience in tuning, an adjustable air capacitor ol 
about 0.001 micro-farads capacity (tuning capacitor) may be con 
nected across the coupling coil. This tuning capacitor should be of 
the same sensitivity of adjustment as the standard air capacitor, but 
no calibration is necessary. : 

Capacitor.—An adjustable standard air capacitor having a capac 
tance of about 0.001 microfarad capable of being read to 0.5 micto- 
microfarad. ‘This capacitor shall be calibrated for capacitance and 
power factor over the required frequency range. 

Switch—A special high-frequency switch of the mercury: contac! 
type having mercury cups mounted on Pyrex or quartz tubes 4 t 
6 in. (10 to 15 cm.) in length. This switch shall be a double-polé 
double-throw, with copper switch blades well amalgamated with 
mercury. 
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Thermesenple Galvanometer.—The thermocouple shall have a low 
heater resistance, preferably less than 2 ohms, and be sufficiently sen- 
sitive for use with a suitable galvanometer. The galvanometer shall 
be of low resistance and short period and shall be operated critically 
damped. It shall have a sensitivity of approximately 120 mm. per 
micro-ampere at a scale distance of 1 meter. 

Resistors.—Several resistors made of short, straight lengths of 
non-magnetic resistance wire (advance or manganin is preferable) 
sealed into glass tubes (which may be evacuated if desired). These 
resistors shall all have approximately the same length. For most 
work, 30 resistors to cover a range of 0.2 to 60 ohms will suffice. 
When resistance values higher than 60 ohms are required, a 3-dial 
1000-ohm non-reactive decade box may be used. vr 


METHOD 


15. (a@) Procedure.—With the specimen connected to the measur- Operation. 
ing circuit through the mercury contact switch, the circuit shall be 
tuned to approximately the desired frequency by proper selection of 
the coupling coil. The circuit may be brought into exact resonance 
by adjusting the frequency of the oscillator, or by means of the tuning 
capacitor if the latter is used. Resonance is indicated by maximum 
deflection of the galvanometer. ‘The coupling to the oscillator shall 
he varied at the same time so that with no resistance inserted in the 
measuring circuit, approximately a two-third scale deflection of the 
galvanometer is obtained. 

The adjustable standard air capacitor and a resistor shall then 
be substituted for the specimen. ‘The resistance should be so chosen 
that when the measuring circuit is tuned to resonance by adjusting 
the standard air capacitor, a maximum deflection will be obtained on 
the galvanometer which is approximately the same as that previously 
con- produced by the specimen. Four resistors shall then be chosen hav- 
e of ing resistance values such that when inserted in the circuit, two will 
, but give deflections above and two below the deflection produced by the 
specimen. The deflections obtained with these four resistors shall be 
plotted against their resistance values. From this curve the equiva- 
lent series resistance R of the specimen shall be obtained by reading 
the value of resistance corresponding to the deflection produced by 
the specimen and adding to it the value of the resistance of the stand- 
ard capacitor at the capacitance and test frequency used. 

When a decade resistor is used, the procedure is the same as above 
except that it is sufficient to adjust the resistor to obtain a deflection 
equal to that produced by the specimen. ‘The equivalent series 
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resistance R is then equal to the dial reading of the resistance box 
plus the resistance of the standard air capacitor at the capacitance 
and test frequency used. 

The capacitance reading of the standard air capacitor corrected for 
lead capacitance is the equivalent series capacitance C of the specimen. 

The frequency shall be determined after the final tuning. 

(b) Alternative Procedure —The circuit for the alternative sub- 
stitution method is shown in Fig. 7 and consists of a coupling coil, 
capacitor, switch, thermocouple galvanometer, and resistors as for the 
Substitution Method and conforming to the requirements of Section 14. 

The standard capacitor shall be tuned to resonance, first, with 
the specimen in parallel and then alone in the circuit. The manipv- 


Resistor 


Switch 
Standard 
Aur Capacitor Specimen 


(Cs) (Cx) 
lic. 7.—Measuring Circuit Diagram for Determination of Power [actor and 
Dielectric Constant by the Substitution Method (Alternative Procedure). 


Coil 


Thermocouple 
= Ground 


Ga/vanometer 


R, set to zero and the specimen, C,, in parallel with the adjustable 
standard air capacitator, C,, tune C, to resonance, read the value 
of C, (equals C,) and the galvanometer deflection d,. Disconnect 
the specimen and tune C, to resonance and read (equals C»), add 
resistance R,, to make galvanometer deflection equivalent to dy, cal- 
culate C, and R, from the following formulas: ee 


The power factor shall be calculated from the following formula: 
Power Factor = 2 Cz Rz 


where f is expressed in cycles, C, is expressed in farads and R, is 
expressed in ohms. 

16. Calculations for power factor shall be made as described in 

Section 5 (a). Calculations for dielectric constant and loss factot 

shall be made as described in Sections 6 and 7, respectively. 
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B. Bridge Method 
APPARATUS 
17. The generating circuit for the Bridge Method shall be the Generating 


same as for the Substitution Method as described in Section 13. Circuit, 


Note.—The oscillator does not need to be of as high a power output for the 
Bridge Method as for the Substitution Method. 


To 
Oscillator 


Input 
Transformer. 


Differential 
Air Capacitor 
500 micro-microfarads 


Bridge Shield 
Brass 


To Detector 


Fic. 8.—Measuring Circuit Diagram for Determination of Power Factor and 7 
Dielectric Constant by the Bridge Method. 


, 18. The measuring circuit is shown in Fig. 8 with necessary shield- Measuring 
ing as indicated, and shall consist of the following parts: Ciseutt. 


Balanced Resistors.—One pair of balanced non-reactive resistors 


or ratio arms, AB and BC, each of approximately 250 ohms resistance, 
and enclosed in an electrostatic shield as shown in Fig. 8. These ; 
arms shall be balanced for resistance to within 0.05 of 1 per cent, 
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and for reactance to within 0.1-micro-microfarad equivalent parallel 
capacitance. 

Adjustable Resistors.—Two non-reactive adjustable resistors each 
shielded as shown, for use in the AD and CD arms of the bridge. 
The CD arm resistor shall comprise two 1000-ohm steps. The AD 
arm resistor shall be a four-dial decade box having steps of 0.1, 1, 
10, and 100 ohms, with an additional 1000-ohm step. Precision 
type, high-frequency commercial resistances are satisfactory for use 
in these resistors. 

Differential Air Capacitor.—One differential air capacitor of 500- 
micro-microfarad capacitance, total variation. For convenience it is 
desirable to provide a vernier capacitor adjustable to 0.01 micro- 
microfarad. These capacitors shall be calibrated to read the 
capacitance inserted in the CD arm. 

Input Transformer.—One shielded input transformer! adapted to 
the connection of a 250-ohm impedance to the oscillator. 

19. The detector circuit shall consist of any suitable detector of 
sufficient sensitivity to indicate an unbalance of 0.1 ohm in the AD 
bridge arm. A heterodyne type used with a telephone receiver will 
be found satisfactory. 


METHOD 


20. Suitable leads for connecting to the specimen shall be con- 
nected to terminals C and D of the bridge, Fig. 8, but not to the 
specimen. ‘The bridge shall then be balanced by adjusting the dif- 
ferential air capacitor and the adjustable arm resistor AD, ‘The 
capacitance and resistance values are then recorded as C, and RK, 


‘These readings shall be taken to compensate for the capacitance in 


the bridge and lead wires. ‘The specimen shall then be connected to 
the lead wires, and the bridge balanced again. The capacitance and 
resistance values are recorded as C; and R;. The equivalent parallel 
capacitance of the specimen is: C, = C; — C,, and the conductance 
Ga 2 = By properly adjusting the value of R,, G can be 
0 1 

made substantially equal to R, — R, times some power of ten. 

The frequency shall be determined when the bridge is finally 
balanced. 

21. Calculations for power factor shall be made as described in 
Section 5 (b). Calculations for dielectric constant and loss factor 
shall be made as described in Sections 6 and 7, respectively. 


1 For general features of such a transformer, see “A Shielded Bridge for Inductive Impedas 
Measurements at Speech and Carrier Frequencies,” by W. J. Shackelton, Journal, Am. Inst. Electrica 


Engrs., February, 1927, p. 159. 
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ACCURACY 


22. The accuracy of the power factor and dielectric constant Accuracy. 

determinations by the above methods depend critically upon the 

care exercised in setting up the measuring equipment and in its sub- 

sequent manipulation. The technique exercised in these respects 

shall be such that an accuracy within +10 per cent for the determina- 

tion of power factor, within +5 per cent for the determination of the 

dielectric constant of sheets, and within +10 per cent for the deter- | 
mination of the dielectric constant of tubes shall be obtained. | 


REPORT 
23. The report shall include the following: Oo Report. 


(a) The power factor, the dielectric constant, and the loss factor 
of each specimen. 

(b) The following values for the specimen: the capacitance of the 
specimen in micro-microfarads; eflective area of the specimen; and 
the average thickness of the specimen between electrodes. 

(c) The following test conditions: the frequency in kilocycles; 
temperature of ‘the atmosphere in degrees Centigrade; relative 
humidity of the atmosphere in per cent; and the conditioning of 
the specimen (hours at humidity and temperature). 

(d) A description of the material: that is, the name, grade, and 
color, and the name of the manufacturer. 

() Method of measurement. 


PROCEDURE AT FREQUENCIES IN THE ORDER OF 1000 CYCLES 


24. (2) The method of measurement shall be the bridge method Method. 
id may be any one of those described in Sections 25 to 28. Slight 
modifications of any one of these methods may be used with equally . 
satisfactory results. _ 
(b) The power factor and dielectric constant of at least two 
pecimens shall be measured at such frequencies as may be mutually 


greed upon. Unless otherwise specified, the frequency shall be 
1000 cycles. 


APPARATUS 


25. Power Source.—The generating circuit may be a vacuum Generating 
tube oscillator, a motor driven generator, or a tuning fork or other “i*¥'t- 
atisfactory source of 1000 cycles. ‘The source shall be of approx- 


mately sine-wave form, having not more than 5 per cent harmonic 
-omponents. 
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26. Satisfactory measuring circuits, shown in Figs. 9, 10 and 11, 
are as follows: 

(a) Figure 9 shows a measuring circuit where C; is an auxiliary 
air capacitor of about 4500 micro-microfarads, Cz is the specimen 
being measured or a standard air capacitor. Ri, Re, Rs, and R, are 
decade resistors. JZ, and Ls are variable inductors each having a 
maximum of 12 millihenries and a minimum of 3 millihenries induct. 


Air. 
Capacitor 


. 
Variable Fixed 


Induc tors Inductors 


Decade ‘ Decade 


Resistor Resistor 


Power 
Source 


Fic. 9.—Bridge Measuring Circuit for Determination of Power Factor and Diele- 
tric Constant at Frequencies in the Order of 1000 Cycles. 


ance; LZ, and JZ, are fixed inductors each of 11 millihenries. Fo 
power factors of less than 0.05 the resistance of the combinations 
hi, +- Ls, R; Ls and R, Li shall be 1000 ohms. For 
power factors greater than 0.05 these resistances shall be 500 ohm: 
The capacitance of the test specimen should be between 1000 and 3: 

micro-microfarads. For this circuit very satisfactory results hav 
been obtained without increasing the shielding over that built m! 
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the air capacitors. A 1000-cycle generator giving about 55 volts _ 
on the specimen may be used in this set-up as a source of power. 

(b) Figure 10 shows a measuring circuit where R; and R: are each 
5000 ohms. C; is a standard air capacitor, C, is a standard balancing 
capacitor of at least 1000 micro-microfarads and C, is the test speci- 
men. ; is a balancing variable resistor of 11,110 ohms which may 
be thrown in either arm of the bridge containing capacitors. One 
dial of 0.1 ohm is desirable in this resistor. This set-up may be used 
satisfactory with any of the following sources of power: a tuning — 


Standard 
--Balanicing 
Capacitor 


Ground 


Fic. 10.—Bridge Measuring Circuit for Determination of Power Factor and Dielec- 7 
tric Constant at Frequencies in the Order of 1000 Cycles. 


fork, a vacuum tube oscillator and a 1000-cycle generator. The 
capacitance of the test specimen shall be not less than 100 micro- 
microfarads. The entire bridge proper is shielded except the leads 
to the capacitors and the specimen. It has been found desirable to 
enclose the entire set-up with exception of the oscillator and the 
detecting device in an earthed metal box. 

(¢) Figure 11 shows a measuring circuit in which the two (ratio) 
arms each contain’a resistance, R, of 1000 ohms; is 10,000 ohms; 
K, is a variable resistor from 0 to 10,000 ohms in steps of 0.01 ohm; 
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C, is the test specimen; C is a variable air condenser, the maximum 
value of which need not exceed 200 micro-microfarads and the cali- 
bration of which need not be known; C; is a variable standard air 
condenser with a maximum capacitance greater than the maximum 
value of C,+C. An oscillator may be used with this set-up which 
gives about 3 to 8 volts across the specimen. ‘The method is suitable 
for measurements on test specimens as low as 50 micro-microfarads, 
It has been found desirable to entirely shield the set-up except for 
the leads to the test specimen. 

Note.—Transformer, 7, Fig. 11, is not necessary if one terminal of the detector 


may be grounded at a or b, and with rare exceptions this may be done. ‘The resistors 
should be specially selected for use in alternating currents of relatively high frequency. 


S 
© 
2 


> 
4 


Resistor 
\ 


A, 


Cnn 
Specimen 


Ground 


R Resistors, fixed, 1000 ohms each C Capacitor, variable, 200 micro-microfarads maximu 
R, Resistor, variable, 10,000 ohms C; Capacitor, variable, capacity greater than C +Cz 
R2 Resistor, fixed, 10,000 ohms Cz Test specimen 

T Detector Transformer 


Fic. 11.—Bridge Measuring Circuit for Determination of Power Factor and Dielec- 
tric Constant at Frequencies in the Order of 1000 Cycles. 


27. The detector circuit shall consist of any suitable detector, 
head phones, string galvanometer, etc., which has a sufficient sensi- 
tivity to give values of the power factor accurate to +5 per cent. 


METHOD 


Operation. 28. The procedure in making the measurements shall be such 4 


to enable the operator to determine the capacitance of the test sped 
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men and also its equivalent resistance. ‘The actual manipulation in 


m 
li- this regard will depend upon the exact circuit chosen. : . 
sir 29. (a) Power l’actor—The calculation of the power factor shall Calculation. 
m be made as described in Section 5 (a) and (b) with proper modifica- 
ch tions as given in the following paragraphs in order to conform to the 
ale particular set-up used: 
ds, When the measuring circuit described in Section 26 (a), Fig. 9, - 
for is used, the formula for calculation of the power factor reduces to the 
following: 
Power factor = 2 « f — 
OTs 
cy. Where L, and J; are in henries, ‘‘“s is in ohms, and f is in 
cycles. 
When the measuring circuit described in Section 26 (b), Fig. 10, 
is used, the formula for calculation of the power factor is as follows: 
Power factor = 2mfC,R, 
where C, = difference in capacitance of the standard capacitor with 
specimen inandout; 
f = the frequency in cycles; _ 
R, = (R’ — R) >> where 
R’ = value of R; with specimen out; - a 
R = value of R; with specimen in; 
C’, = capacitance of the standard capacitor with specimen out; 
C; = capacitance of the standard capacitor with specimen in; 
C, =C',-G, 
All values of capacitance in micro-microfarads; resistance is in ohms. 
When the measuring circuit described in Section 26 (c), Fig. 11, 
isused, the formula for calculation of the power factor is as follows: 
G X 10% 
Power factor = ————— 
Cz 2nfCy 
whereG = the conductance of specimen in mhos calculated as follows: 
elec 
tor where R’ = resistance R; with specimen out; and 
ae R = resistance of R; with specimen in. 
onsi- 
f = the frequency in cycles 
C, = the capacitance of the specimen calculated from the equa- 
tion: C, = C’, —C, 
h as a ; C’, = capacitance of the standard C, with specimen in, and © 
peci- C, = capacitance of C, with specimen out. 


\ll values of capacitance in micro-microfarads; resistance is in ohms. 


: 
{> 
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stant shall be made as described in Section 6. 
(c) Loss Factor.—The calculation of the loss factor shall be made 
as described in Section 7. 


REPORT 


Report. 30. The report shall include the following: 

(a) The power factor, the dielectric constant, and the loss factor 
of each specimen. 

(b) The following values for the specimen: the capacitance of 
the specimen in micro-microfarads; effective area of the specimen; 
and the average thickness of the specimen between electrodes. 

(c) The following test conditions: the frequency in cycles; tem- 
perature of the atmosphere in degrees Centigrade; relative humidity 
of the atmosphere in per cent; and the conditioning of the specimen 
(hours at humidity and temperature). 

(d) A description of the material: that is, the name, grade, and 
color, and the name of the manufacturer. 

(e) Method of measurement. 


_ (b) Dielectric Constant.—The calculation of the dielectric con- 


PROCEDURE AT COMMERCIAL FREQUENCIES IN THE ORDER OF 
25 TO 60 CYCLES 
Method. 31. (a) The method of measurement shall be the bridge method 
and may be one of those described in Section 32. Modifications of 
these methods may be used with equally satisfactory results. 

(b) The power factor and dielectric constant of at least two 
specimens shall be measured at such frequencies as may be mutually 
agreed upon between the manufacturer and the purchaser. Unless 
otherwise specified, the frequency shall be 60 cycles. 


APPARATUS 
Generating 32. Power Source.—The generating circuit or source of power 
Circuit. may be any 25 to 60-cycle source, depending upon the frequency 
agreed upon, which shall be of approximately sine wave form, and 
not have more than 5 per cent harmonic components. 
Measuring 33. Satisfactory measuring circuits, shown in Figs. 12 and 13, 
Circuit. —_ are as follows: 


(a) Parallel Resistance and Capacitance Bridge.—Figure 12 shows 
a measuring circuit of the parallel resistance and capacitance bridge 


type. 
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R, is a 111,100-ohm decade resistance box. 


D 150-35 T 


The resistors R in the arms AB and BC are each 10,000 ohms. 


R, is a 100,000-ohm fixed resistor. 7 
S is a shielded input transformer. 
T is a shielded output transformer. 


C, and C, are precision air capacitors of 1000 or 1500 micro- 


microfarads capacitance. 
C, is the specimen capacitance. 


R, is the equivalent resistance of the specimen. 
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A suitable detector to be used at T is a vacuum tube voltmeter. 
Preliminary settings may be obtained even by the use of headphones 


and the final balance secured with the voltmeter. 


Transformer 


Precision Air 
Capacitor 


Shielded Output 
T Transformer 


—) 


To 
Detector 
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--Precision Air 


Capacitor 


“TSpecimen Capacitance 


‘Equivalent Resistance 


of Specimen 


Fic. 12.—Parallel Resistance and Capacitance Bridge for Measurements at 60 to 


1000 Cycles per Second. 


Any combination of amplifier with indicator, or an a.c. galva- 
nometer combination which has sensitivity to give measurements of 
power factor accurate to +5 per cent will be satisfactory. 

(6) Schering Bridge—Figure 13 shows a measuring circuit of 


the Schering bridge type. 


A and B are the measuring points of the bridge. 


C and D are the input points of the bridge. 
C; is the specimen under test. 
C, is a guarded air capacitor. 


R; and R, are non-inductive resistors which are variable to 


10,000 ohms. 


C; is ordinarily the residual capacitance of the bridge arm. 
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Optional Shield 


Measuring Point 
of Bridge. 
“B 


Non-inductive_ 
Resistor 


~-Non -inductive 


A F <-Non- inductive 
Resistor 


Input Point of Bridge -- i Variable Air Capacitor 


Fic. 13.—Schematic Diagram for Schering Bridge. 
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14.—Schematic Diagram for Schering Bridge Amplifier and Galvanometer 


If the amplifier is to be used from 25 to 60 cycles, suitable resistance and capacitance are: coml 
RESISTANCE CAPACITANCE as sk 


2 megohms 
0.25 megohms 
0.2 megohms 
50 000 ohms 
1 000 ohms 
20 000 ohms 
Three 22 volt “B" batteries of the smallest size and one 22}-volt tapped “a betsery provide 
plate, screen and grid bias voltages, 84, 12 and —6 volts, respectively. ial ee 


| 
| 
— 
| a 
ma 
| whe 
put Point of Bridge--»)0| cap 
> Guarded Air Capacitor nitt 
7 
Measuring Point of Bridge 
SR 
C. 
Ce 
i 
i 
Fic 
ae 4 ‘ : 


_A.S.T.M. Desicnation: D 150-35 T 


may be necessary to introduce a small additional capacitance at C3; 


when measuring specimens with very small losses. 

C’, is a variable air capacitor of 1000 or 1500 micro-microfarads 
capacitance. For measuring larger values of power factor an additional 
capacitor may be shunted across C,. 

Rr is a variable non-inductive resistor of 10,000 ohms. In case 
it should be found desirable to balance for phase as well as for mag- 
nitude, a suitable capacitor should be placed in parallel with Rp. 

Transformer 


Mutual 


Inductance 


To Phase Shifting 
Transformer 


Fic. 15.—Schematic Diagram for Schering Bridge Galvanometer. 


The detector for the measuring circuit shown in Fig. 13 may have 
various forms. 
A resistance coupled amplifier that has been found satisfactory 
a detector is shown in Fig. 14. This is placed across the bridge 
t the points A, B, Fig. 13. At the output of such an amplifier, a 
w pass filter and a microammeter with a copper oxide rectifier may 
be used. 
Another detector consists of a sensitive a.c. galvanometer in 
nbination with a mutual inductance and phase shifter for balancing, 
is Shown in Fig. 15. For preliminary balances or for relatively large 
loss specimens, use may be made of a vibration galvanometer, or a 


string galvanometer having reasonable sensitivity. ie 


METHOD 


34. The procedure in making the determinations shall be such as Operation. 
to enable the operator to determine the capacitance of the test speci- 
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-men and also its equivalent resistance. The exact manipulation will 
depend upon the circuit and the detector chosen. = 
Calculation. 35. (a) Power Factor.—The calculation of the power factor shall — 
be made as described in Section 5 (a) and (b) with the proper modi- 
fications as given in the following Paragraphs (b) and (c) in order to 
conform to the circuit used: 
(b) Parallel Resistance and Capacitance Bridge-—When the 
_ measuring circuit described in Section 32 (a) and shown in Fig. 12 
is used, the formulas for the calculation of the power factor reduce con 
to the following: oe as { 


Power factor = cos 8 


l : 


where Ry’ = the resistance of the specimen in ohms and is given by 
the expression: 


Ry 
sta 
R, = the resistance of R; with the specimen out. is 1 
R’; = the resistance of R, with the specimen in place. she 
f = the frequency in cycles. - 
C, = the capacitance of the specimen and equals 


C, = the capacitance with the specimen out. 
C’; = the capacitance with the specimen in place. 


In these expressions, all the capacitances are in farads and th 


_ resistances are in ohms. of 


Note.—If the power factor is less than 0.1, it may be calculated by the followin 
approximation with not over 0.5 per cent error: 


th 
mi 
Power factor 
_(c) Schering Bridge—When the measuring circuit described in 
_ Section 32 (b) and shown in Fig. 13 is used, the power factor shall tel 
be calculated by the following formula: re! 
Power factor = cos 9 = cos (a — B) _ 4 


where @ and £ are defined by the following equations: 
Cot a = 
Cot B = 2nfCiRs 


f = the frequency i in cycles. 
C, are in farads. 


4 


> R; and R, are in ohms. 
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Note.—Usually C33 may be made negligibly small in comparison with C,R,, 
in which case the following approximations hold: 


Power factor = cos 
Tf i in addition, the power factor is less than 0.1, then _ 


Power factor = 


The equivalent parallel capacitance of the specimen, C,, is most 
conveniently calculated from the equivalent series capacitance, C,, 


asfollows: 
= GR. Be 
1+ 
6 is defined in Figs. 2 and 4. La 


C2, Rs, and R, are defined in Fig. 13. 
(d) Dielectric Constant.—The calculation of the dielectric con- 
stant shall be made as described in Section 6. If a guarded specimen _ 
is used no edge correction will be necessary but proper consideration 
shall be given only to the real area of the shielded electrode. 
(e) Loss Factor.—The loss factor shall be calculated as described 


in Section 7. _ 


Report. 


36. The report shall include the following: 

(a) The power factor, the dielectric constant, and the loss factor 
of the specimen. 

(b) The following values for the specimen: the capacitance of 
the specimen in micro-microfarads, the effective area of the speci- 
men, and the average thickness of the specimen between the 
electrodes. 

(c) The following test conditions: the frequency in cycles, the 
temperature of the specimen during test in degrees Centigrade, the 
telative humidity as a percentage of the atmosphere surrounding the _ 


REPORT 


specimen, the conditioning of the specimen, the voltage gradient and 
the kind of electrodes. 

(d) A description of the material; that is, the name, grade, 
color, and the name of the manufacturer. 

(e) The method of measurement. 
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CELL FoR Power Facror AND DIELECTRIC CONSTANT MEASUREMENTS OF 
ORDINARY INSULATING OILS 


A cell that has been found suitable for the purpose of measuring the power 
factor and dielectric constant of oil (and solid filling and treating compound: 
is shown in Appendix IV of the Tentative Methods of Testing Solid Filling and 
Treating Compounds Used for Electrical Insulation (A.S.T.M. Designation: 
D 176-35 T) of the American Society for Testing Materials.!. The cell i 
suitable for the common types of insulating oils but oils of extra high qualit 
would require that the insulation be entirely out of the field. ‘The power facte 
of insulation in this cell shall be of at least the same order as the power factor 
of the oil to be tested. In addition, the insulation must be chosen so that 
will not be appreciably affected by the oil or cleaning solvents and must not 
absorb sufficiently to electrically contaminate subsequent test samples. 

This cell has the following points of simplicity and efficiency: 


1. Ease of insulating electrodes. 

2. Large area of electrodes in compact form, the outer one of which serv 
as acontainer. This outer electrode is also exposed directly to tl 
heating medium and aids in rapid changes from one temperatu 
to another and also promotes uniform temperature in the compar 
tively thin layer of oil in contact with it. 

3. Comparative ease in assembling and disassembling the cell and in 

cleaning. 
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TENTATIVE METHODS OF TESTING SHEET AND PLATE 
MATERIALS USED IN ELECTRICAL INSULATION! 


A.S.T.M. Designation: D 229 - 35 T 


This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Head- 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


Issue, 1925; Revisep, 1926, 1928, 1930, 1931, 1932, 1934, 1935. 


1. These methods are intended to apply to stiff, flat sheet and Scope. 
plate materials, such as pheholic and other types of laminated sheets, 
vulcanized fiber, hard rubber, asbestos composition board, etc., to 
be used as electrical insulation. 

2. In referring to the cutting of the specimens and the application Definition of 
of the load, the following definitions apply: — 

l‘latwise.—Load applied to the flat side of the original sheet 
or plate. 

Edgewise.—Load applied to the edge of the original sheet or 
plate. 

Lengthwise.—In the direction of the length of the sheet. 

Crosswise.—In the direction at right angles to the length of 
the sheet. 


Note.—When the sheet has the same length and width, one dimension shall 
arbitrarily be designated as the length, and the other as the width. 


TENSILE STRENGTH 


3. Any standard type of testing machine may be used. ‘The Apparatus. 
machine shall be accurate to within 1 per cent on the lowest load for 
which it is used. Jaws which tighten under load, such as wedge grip i” 
jaws, shall be used with the specimen properly aligned. 

4. Tension test specimens shall conform to the dimensions shown Specimens 
in Fig. 1. The surfaces of the specimen shall be smooth and free from 
scratches. 


5. Five specimens cut lengthwise and five specimens cut crosswise Procedure. 
of the sheet shall be tested. 


6. All tests shall be made at normal room temperature of about Tempera- 
20° C. (68° F.). ture. 


A.S.T.M. Committee D-9 on Electrical Insulating Materials. 
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1 Under the standardization procedure of the Society, these methods are under the jurisdiction of ; 


Speed of 7. The cross-head speed of the testing machine shall be such that 
Testing —_ the load can be accurately weighed, but shall not exceed 0.05 in. per 
minute when the machine is running idle. 
Modulus of 8. When it is desired to determine the elongation under load, a 
Elasticity. cuitable extensometer measuring the elongation on a 2-in. gage length 
shall be used. ‘The cross-head speed of the testing machine shall not 
exceed 0.03 in. per minute when the machine is running idle. 


Procedure. 9. The total change in length between zero load and a stress of 
5000 lb. per sq. in. shall be determined. 
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When Cis less thangin., Aisdin., BisZin, Dis 0.857", E is 5.964 in. 
When C is gin. or over, Aislin. Bis in, Dis 1.199", E is 4.648 in. 


Fic. 1.—Tension Test Specimen for Laminated Sheet Insulating Materials. 


Report. 10. The report shall include the following: 
_ (a) The direction in which the specimen was taken, whether 
lengthwise or crosswise of the sheet. 
(b) The thickness and width of each specimen in inches 
expressed to the nearest 0.001 in. or in centimeters expressed to the 


nearest 0.025 mm 

(c) The breaking load of each specimen, in pounds or kilo- 
grams. 

(d) The tensile strength of each specimen, in pounds per 
square inch or in kilograms per square centimeter. i, 

(e) The location and nature of the fracture. _ 

(f) The elongation in inches at a stress of 5000 Ib. “per sq 
in., if determined. 
~ (g) The room temperature. 
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FLEXURAL STRENGTH 
aif (FORMERLY CALLED TRANSVERSE STRENGTH) 
(A) For Materials j, in. or Over in Thickness' 


11. (a) Any standard type of testing machine may be used. The 
machine shall have an accuracy of at least 1 per cent of the lowest load 
for which it is used. 

(b) The specimen shall be tested as a simple beam loaded at 
the center. The supports shall have contact edges rounded to a 
radius of % in. for material 3 in. or over in thickness, and to a 
radius of 7s in. for thinner materials. For material thinner than 
} in. both supports shall be provided with a pin or other stop to 
align one side of the specimen perpendicular to the line of contact 
with the supports. ‘The distance between the points of support 
shall be 4 in. for edgewise tests of all thicknesses and eight times 
the nominal thickness of the material to be tested for tests in the 
flatwise direction, except that the minimum span shall be 3 in. 

12. The test specimen shall be 3 in. in width except for specimens 
over 3 in. in thickness tested in the flatwise direction, which shall have 
the width equal to the thickness of the specimen. The thickness shall 
be the full thickness of the sheet. The length shall be 1 in. greater than 
the distance between the points of support as specified in Section 11 (0). 

13. The specimens shall be tested as follows: 

(a) Five specimens cut lengthwise of sheet, tested flatwise. 

(6) Five specimens cut lengthwise of sheet, tested edgewise. 

(c) Five specimens cut crosswise of sheet, tested flatwise. 

(d) Five specimens cut crosswise of sheet, tested edgewise. 


14, All tests shall be made at normal room temperature of about 
20° C. (68° F.). 

15. The cross-head speed of the testing machine shall be such that 
the beam of the machine can be kept balanced, but shall not exceed 
0.05 in. per minute when the machine is running idle. 

16. The report shall include the following: 

(a) The directions of cutting and loading of the specimen as 
specified in Section 13. 

(b) The thickness and width of each specimen in inches 
expressed to the nearest 0.001 in. or in centimeters expressed to the 
hearest 0.025 mm. 


(c) The breaking load of each specimen in pounds or kilo- 
grams. 


‘Conventional flexure tests in a flatwise direction are not recommended for materials thinner than 
17 'n. nor in the edgewise direction for materials thinner than } in. 


Apparatus” 


Procedure, 
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(dq) The maximum fiber stress in pounds per square inch or 
_ kilograms ~ square centimeter calculated from the formula: 
_3 Pl 
2 bd? 
where S = maximum fiber stress; 
= breaking load in pounds or kilograms; 
| = distance between supports in inches or centimeters; 
b = width of specimen in inches or centimeters; 
d = depth of specimen in inches or centimeters. 
(e) The room temperature. 


COMPRESSIVE STRENGTH 


Apparatus. 17. Any standard testing machine may be used provided it is 
accurate within 1 per cent of the lowest load for which it is used, 
One end of the specimen shall bear upon an accurately centered 
spherical bearing block, located whenever practicable, at the top, and 
the metal bearing plates shall be directly in contact with the ends 
of the test specimen. 

Specimen. 18. (a) For sheets 1 in. in thickness or over, the test specimen 
shall be a 1-in. cube, the faces of which shall be flat and perpen- 
dicular to the axes, being ground to this condition if necessary. 

(b) For sheets less than 1 in. in thickness, the specimen shall 
consist of a pile of sheets 1 in. square with a minimum number of 
layers to produce a height of at Jeast 1 in. 

Procedure. 19. (a) For sheets 1 in. in thickness or over, three specime 
shall be crushed in the condition in which they are received with 
the load applied flatwise, three specimens with the load applied 
edgewise-lengthwise of the sheet and three specimens with the load 
applied edgewise-crosswise of the sheet. 

(b) For sheets less than 1 in. in thickness, three specimens 
shall be crushed in the condition in which they are received with 
the load applied flatwise of the sheet. 

20. The load shall be applied on the ends of the specimen and 
the crosshead speed of the testing machine shall be such that the 
load can be accurately weighed but shall not exceed 0.050 in. (1.27 
mm.) per minute when the machine is running idle. For the best 

results use the slowest possible speed. 

21. ‘The report shall include the following: 

(a) ‘The dimensions of each specimen in inches expressed tot 

nearest 0.001 in. or in centimeters expressed to the nearest 0.025 mm 

(b) The direction of application of the load; 


(c) The load on each specimen in pounds or kilograms at the 
first sign of failure; 
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(d) The ultimate compressive strength in pounds per square inch 
or kilograms per square millimeter, of each specimen, calculated from 
the area of each specimen measured before the load is applied; 

(e) The general character of the material tested; with a descrip- 
tion of how it acts under the applied load. 

22. (a) Resistance to impact shall be determined in accordance 
with the Tentative Methods of Testing Electrical Insulating Materials 
for Resistance to Impact (A.S.T.M. Designation: D 256-34 T) of 
the American Society for ‘Testing Materials.' 

(b) Specimens for the Charpy test may be notched or unnotched, 
as desired, according to conditions of service, and for the Izod test 
shall be notched. Specimens shall be cut both lengthwise and cross- 
wise of the sheet. 

Notre.—The unnotched specimen gives a higher strength than the notched speci 


men and the ratio of the strength of the unnotched specimen to that of the notched 
specimen varies with different materials. 


WATER ABSORPTION TESTS 


23. The water absorption tests are intended to determine the 
rate at which water is absorbed by the material when immersed, the 
total quantity absorbed at saturation, and the volatile content as 
received. 


Note.—The electrical properties of different materials are not necessarily 
affected to the same extent by the same increase in moisture content so that the 
water absorption test must be correlated with the desired electrical tests. 

The water immersion test and exposure to air of high humidity are not always 
directly comparable and should be considered before substituting one for the other. 


(A) Rate of Absorption 


24. The test specimen shall be 3 by 1 in. by the thickness of the 
material. It shall be sawed or sheared from the sample so as to have 
smooth edges free from cracks. ‘The cut edges of all test specimens 
shall be finished with No. 0 or finer sandpaper or emery cloth. Saw- 
ing and sandpapering operations should be slow enough so that the 
material is not heated appreciably. The thickness in inches to the near- 
est 0.001 in. shall be measured on the original specimen at the center. 

25. To determine the rate of absorption, two specimens shall be 
tested individually as follows: 

_ (a) The specimen shall be weighed, dried in an oven for 1 hour at 
irom 105 to 110° C., cooled in a desiccator and immediately re-weighed. 
The difference between the original weight and the dry weight shall 


Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 995 (1934); also 1935 Book of A.S.T.M. 
‘entative Standards, p. 993. 
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be recorded as loss in weight on drying. The percentage loss in weight 
shall be calculated on the original weight. 

(b) The dried specimen shall then be immersed in distilled water 
maintained at a temperature of 25° C. + 2° C. (77° F. = 3.6° F) 
throughout the test. At the end of 2 hours the specimen shall be 
removed from the water, the surface water wiped off with a dry cloth 
and the specimen weighed immediately and then replaced in the water 
If the specimen is 7g in. in thickness or less it shall be weighed in a 
weighing bottle. The difference between the weight of the wet speci- 
men and that of the dry specimen shall be recorded as the weight of 
water absorbed in 2 hours. ‘The percentage of water absorbed shall 
be calculated on the weight of the dry specimen. 

(c) After 24 hours immersion the specimen shall again be removed 
from the water, the surface water wiped off with a dry cloth and the 
specimen weighed. ‘The difference between the weight of the speci- 
men after 24 hours immersion and the weight of the dry specimen 
shall be recorded as the water absorbed in 24 hours. The percentage 
of water absorbed shall be calculated on the weight of the dry speci- 
men. If the individual 24-hour absorptions differ by more than 
10 per cent from the average absorption of the two specimens the 
test shall be repeated. 

26. The report shall include the values for each of the two speci- 
mens and the average values as follows: 

(a) The thickness of the specimen before the test, to the nearest 
0.001 in.; 

(b) The percentage loss in weight on drying calculated on the 
original weight; 

(c) The percentage of water absorbed in 2 hours and in 24 hours 
calculated on the dry weight. 


(B) Total Absorption at Saturation 


27. (a) The test specimen shall be 3 by 1 in. by the thickness 
of the material. It shall be sawed or sheared from the sample s 
as to have smooth edges free from cracks. The cut edges of all test 
specimens shall be finished with No. 0 or finer sandpaper or emery 
cloth. Sawing and sandpapering operations should be slow enough 
so that the material is not heated appreciably. The thickness in 
inches measured to the nearest 0.001 in. shall be measured on the 
original specimen at the center and on the reduced specimen in case 
a reduced specimen is used (see Paragraph (0)). 

(b) When the sample for determining total absorption is so thick 
that too long a time is required for saturation using the full thickness, 
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the thickness may be reduced as follows: The sample shall be machined 
toa thickness of about & in., both surfaces parallel to the laminations 
being machined off. This may readily be done with a smooth-cut 
circular saw. It shall then be sanded to 7, in. in thickness, finishing 
with No. 0 or finer sandpaper. While the sanded surfaces of the 
sample should be approximately parallel with the laminations, the 
thickness may vary +0.010 in., since the object is to provide com- 
parable specimens which will reach saturation in a reasonable time. 
The machined and sanded sample shall then be cut into specimens 
3by 1 in. and the edges sanded. 

28. To determine the total water absorption at saturation, two 
specimens shall be tested individually as follows: 

(a) The specimen shall be weighed, dried in an oven for 1 hour 
at from 105 to 110° C., cooled in a desiccator and immediately re- 
weighed. The difference between the original weight and the dry 
weight shall be recorded as loss of weight on drying. The percentage 
loss in weight shall be calculated on the original weight. 

(b) The dried specimen shall then be immersed in distilled water 
at a temperature of from 20 to 30° C. At the end of 24 hours the 
specimen shall be removed from the water, the surface water wiped 
off with a dry cloth and the specimen weighed immediately and then 
replaced in the water. The weighings shall be repeated every day 
for the first week and every week thereafter until the increase in 
weight, as shown by three consecutive weighings, averages less than 
| per cent of the total increase in weight, when the specimen shall 
be considered to be saturated. 

(c) The difference between the saturated weight and that of the 
dry“weight shall be considered as the water absorbed at saturation. 
The percentage of water absorbed shall be calculated on the dry 
weight of the specimen. 

29. This report shall include the values for each of the two 
specimens as follows: 

(a) The original thickness of material, measured to the nearest 
0.001 in.; 

(b) If a reduced specimen is used, the thickness measured to the 
nearest 0.001 in.; 

(c) The percentage loss in weight on drying, calculated on the 
original weight; 

(d) The percentage of water absorbed at saturation, calculated 
on the dry weight. 


Procedure. 
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(C) Volatile Matter 


30. The test specimen shall conform to the requirements speci- 
fied in Section 12. 

31. To determine the volatile matter, two specimens shall he 
tested individually as follows: 

The specimen shall be weighed, dried in an oven at from 105 to 
110° C. until the decrease in weight as shown by two consecutive 
weighings at least 24 hours apart is less than 1 per cent of the total 
decrease in weight. The difference between the original weight and 
the dry weight shall be recorded as the volatile matter present in the 
specimen as received (this includes in addition to water any volatile 
solvent left during manufacture). The percentage of volatile matter 
shall be based on the weight of the dry specimen. 

32. The report shall include the values for each of the two speci- 
mens as follows: 


(a) The original thickness of the material measured to the nearest 
0.001 in.; 


(b) The percentage of volatile matter, based on the weight of the 
dry specimen. 
DIELECTRIC STRENGTH 


33. The dielectric strength shall be determined in accordance with 
the Tentative Methods of Testing Sheet, Tape, and Molded Insulating 
Materials for Dielectric Strength (A.S.T.M. Designation: D 149- 
34 T) of the American Society for Testing Materials.! 


PHASE DIFFERENCE (POWER FACTOR) AND DIELECTRIC 
CONSTANT 
34. The phase difference and dielectric constant shall be deter- 
mined in accordance with the Tentative Methods of Testing Electrical 
Insulating Materials for Power Factor and Dielectric Constant 


(A.S.T.M. Designation: D 150-35 T) of the American Society for 
Testing Materials.? 


BONDING STRENGTH 
For Laminated Materials ¥, in. or Over in Thickness 


35. Any standard type of testing machine may be used, providing 
it is accurate within 1 per cent of the lowest load for which it is used. 
To this shall be fitted a head containing a 10-mm. steel ball. 


36. Test specimens shall be 1 in. square, smoothly and accurately 
cut on a smooth saw. 


1 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part i P. 982 (1934); also 1935 Book of A.S.T.M. 
Tentative Standards, p. 980. oo 


2See p. 1044. 
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37. Five specimens shall be tested. These shall be placed on 
edge and the steel ball shall center accurately between the edges and 
ends of the specimen. 

38. All tests shall be made at normal room temperature of about 
20° C. (68° F.). 

39. The speed of the cross-head of the testing machine shall be 
such that the load can be accurately weighed, but shall not exceed 
0.05 in. per minute when the machine is running idle. 

40. The report shall include the following: 

(a) the thickness of the material; and 

(b) the load, expressed in pounds or kilograms, required to 
split the specimen. 


ROCKWELL HARDNESS 


41. (a2) The Rockwell hardness tester shall be used, conforming 
to the requirements of the Tentative Methods of Rockwell Hardness 
Testing of Metallic Materials (A.S.T.M. Designation: E 18 - 33 T) 
of the American Society for Testing Materials." 

(b) The hardness shall be determined using a }-in. diameter ball 
penetrator, a minor load of 10 kg. and a major load of 100 kg., the 
readings being taken on the black figures. 

42. (a) The specimen shall have a minimum thickness of } in. 
The specimen may be composed of a pile-up of several pieces of the 
material of the same thickness, providing that precaution is taken 
that the surfaces of the pieces are in contact and not held apart by 
burrs from saw cuts, etc. The area of the specimen shall be 1 in. 
square if cut from sheet stock or other shape of at least this area. 

(b) Care shall be taken that the test is not made so near the 
edge of the specimen that it will break out when the major load is 
applied. 

(c) The specimen shall be supported in such a manner as to 
prevent errors due to overhang, when it does not balance itself on 
the anvil. 


(d) All tests shall be made at normal room temperature of about 
20° C. (68° F.). 


Note.—It should be noted that some materials such as laminated phenolic 
plates show an appreciable variation in the Rockwell hardness with variation in 
temperature as small as 8° C. (15° F.). 


43. The procedure outlined in the Tentative Methods E 18- 
33 T! shall be followed. The adjustment of speed of load application 


1 Proceedings, Am. Soc. Testing Mats., Vol. 33, Part I, p. 967 (1933); also 1935 Book of A.S.T.M. 
Tentative Standards, p. 1377. 
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The machine shall be so adjusted that the major load will be fully 
applied in from 6 to 8 seconds as a longer time will give an erroneous 
result due to “creeping” of some materials. 
Report. 44. The report shall include the following: 
(a) The Rockwell hardness number read on the black scale, the 
- major load and the diameter of the penetrator; 
(b) The total thickness of the specimen; 
(c) The number of pieces in a specimen and their average thick- 
ness, and 
_(d) The room temperature. 


Th the time of application of the major load are of great importance. 
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TENTATIVE ME THODS OF TESTING SHELLAC USED FOR 
ELECTRICAL INSULATION! 


A.S.T.M. Designation: D 411-35 T 


This i is a Tentative Standard and under the Regulations of the Society i is subject to 
nual revision. Suggestions for revision should be addressed to the Headquarters of the 
society, 260 S. Broad St., Philadelphia, Pa. 


Scope 


1. These methods cover tests for shellac in the dry or powdered form 


to be used for electrical insulating purposes. 
SAMPLING AND CHEMICAL TESTS 


General Tests 

2. Each of the following tests shall be made in accordance with the 
methods described in the Standard Methods of Sampling and Testing 
Shellac (A.S.T.M. Designation: D 29) of the American Society for Testing 
Materials :? 

(a) Sampling. 

(b) Insoluble Matter. © 

(c) Iodine Number. 

(d) Moisture Content. 

(e) Wax (Method B). 

(f) 

POLYMERIZATION ‘TIME 

Apparatus 

3. The apparatus required for the test for polymerization time shall 

ist of the following: 

(a) Test Tubes.—Two 3-in. glass* test tubes, supported by a wire rack 

depth of 4 in. when placed in an oil bath. It is essential that the test 

‘s be supported and maintained in a vertical position. ‘The rack shall 

0 constructed as to permit free circulation of oil around the test tubes. 

(b) Oil Bath.—An oil bath of such construction as to permit of main- 
taining a uniform test temperature within 1 C. It is essential to use a 

echanical stirring device in the oil bath to maintain a uniformly distributed 


Con the proce: duce methods are under the jurisdiction of the 
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yrex or quartz 4Ss is ‘satisfac tory for tk Lis purp. se. 
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METHODS OF TESTING SHELLAC 
temperature. ‘The oil used shall be a mineral oil having a Saybolt Universal] 
viscosity of approximately 150 sec. at 100 C. 
(ec) Burner.—A bunsen burner for heating the oil bath. 
_ (d) Glass Rod.—A smooth glass rod 5 mm. in diameter. A small 
mark or indicator shall be placed on top of the rod or the glass formed-over 
to facilitate readings as outlined in Section 6 (d). The sides of the glass 
rod, near the end which is immersed in the shellac, shall be flattened slightly. 
(e) Thermometer.—-A suitable thermometer to indicate the test tem- 
perature. 


4. (a) Samples of shellac before testing shall be rolled and mixed well 
on clean paper and then carefully dried as described in Paragraph (0). 

(b) A flat-bottomed dish, about 4 in. in diameter containing a 5-g. 
sample of shellac, shall be placed in a well-ventilated gas or electric oven 
at a temperature of 41 C. + 2 C. for approximately 16 hr. (or overnight). 
It is essential to have the sample spread out on the dish during the drying 
period. 

(c) After drying, the sample shall be transferred immediately to a 
clean, dry bottle, and stoppered tightly, allowing it to cool in the bottle. 
The bottle shall not be opened except when a specimen is being removed 


Specimen 

5. (a) Each specimen shall consist of 2 g. of the shellac taken from the 
stoppered bottle. 

(b) ‘Two specimens of each shellac sample shall be tested. 


Procedure 
6. (a) A specimen of shellac shall be transferred from the stoppered 
bottle to the ?-in. glass test tube. The tube shall then be inserted and 
held securely in a vertical position in the test rack placed in the oil bath 
maintained at the specified test temperature. The temperature shall be 
_ maintained throughout the test within +1 C. of the desired temperature. 
Note.—The method is suitable for testing at any temperature between 125 and 225. 


(b) The time when the test tube enters the oil bath shall be recorded. 

(c) Using the 5-mm. glass rod, the specimen shall be stirred gently 
for the first 3 min. of the test so that the shellac becomes well melted in 4 
short a time as possible. It is essential that there be no stirring after the 
first 3-min. period. 

(d) At the end of each minute thereafter the glass rod shall be given 2 
slight twist (turning approximately 90 deg.). In the early stages of the 
test, and before the polymerization point is reached, the glass rod wil 
remain in the position to which it has been turned. When, however, the 
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ellac takes on a rubbery set, there will be a definite turning or twisting 
tack of the rod following the 90-deg. twist. This is the endpoint. (In the 
arly stages of the test there may be a tendency for the glass rod to move 
tack slowly after twisting with the fingers. This slight movement should 
sot be confused with the definite ‘‘twist-back”’ observed when the endpoint 
is reached.) 

(e) The temperature shall be recorded each minute during the test. 
The average of all these readings shall be considered the test temperature. 


Polymerization Time 

7. The elapsed time in minutes, from the time of entry into the bath 
ind including the 3-min. stirring period, until the first ‘“‘twist-back”’ of the 
lass rod is noted, shall be recorded as the ‘“‘ polymerization time.” -_ 


Report 
8. The report shall include the following: 
(2) The polymerization time to the nearest minute for each specimen, | 
b) The average of the values in Paragraph (a). 


c) The test temperature. 
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TENTATIVE METHODS OF TESTING FLEXIBLE 
VARNISHED TUBING USED FOR vt 
ELECTRICAL INSULATION! 
A.S.T.M. Designation: D 350 —- 35 T 


This is a Tentative Standard and under the Regulations of the Society is subj 
annual revision. Suggestions for revision should be addressed to the Headquarters 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssUED, 1932; ReviseD, 1935. 
Specim 
‘These methods cover the testing of flexible varnished tubing ( (Not 5. 
anil as electrical insulation for leads on electrical apparatus. beaten 


Nore.—The term ‘varnished tubing”’ as here used refers to braided cotton sj 
coated, or impregnated and coated with lacquer or a combination of lacquer and var Proced 


or othe similar coatings. 
6. 
SAMPLING 
Sampling sha 


2. (a) A sufficient number of the pieces of tubing to total not less than § “!“™* 
1.83 m. (6 ft.) in length shall be selected from each 305 m. (1000 ft.) in § 
_ the shipment, but in no case shall less than 1.83 m. (6 ft.) be taken froma § 
‘i and the pieces shall be selected in such a manner as to be repre: § “* 
- sentative of the shipment. 
(b) ‘The number of specimens required for purpose of tests shall be cut 
_ from the pieces selected in accordance with Paragraph (a) and care shall bi 
taken to select material which is free from abnormal defects such as blisters —_ 


_ wrinkles, cracks, etc. 


CONDITIONING 
Conditioning 
3. Specimens shall be conditioned for at least 2 hr. in air maintained 
at a temperature between the limits of 20 and 30 C. (68 and 86 F.), before B pp 
testing. 


DIMENSIONS 
Apparatus 


4. (a) Standard gage rods and a 1-in. machinist’s type micromete? Bajaj 

_ with ratchet device and having anvil and spindle surfaces 0.25 in. + 0.001 B47 
in. in diameter shall be used. 
(b) The standard gage rods shall be steel and shall have smooth sur § °?ecu 

y faces. A set of two is required for each size of tubing. Each rod in as ; 


1 Under the standardization procedure of the Society, these methods are under the jurisdiction of the 
A.S.T.M. Committee D-9 on Electrical Insulating Materials. 
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shall have a diameter within + 0.0002 in. of the diameters listed as maximum _ 7 
nd minimum in the following table: 


A.S.T.M. STANDARD SIZES FOR FLEXIBLE VARNISHED TUBING. 


INSIDE DIAMETER, IN. INstipE DIAMETER, IN. 
MAXIMUM MINIMUM NOMINAL MaximMuM MINIMUM NoMINAL © 
.258 .099 .095 
.229 .089 .081 .085 
.204 .080 .072 .076 
. 182 4 .068 .064 .066 
. 162 .061 .057 .059 
.144 -055 .O51 .053 
129 .049 .045 .047 
114 .044 .040 .042 


coooocooco 


Specimens 


5. Specimens of any convenient length shall be cut from the samples as _ 
btained in Section 2. 


Procedure 


6. The largest size gage rod that will fit the tubing without stretching 

t shall be inserted into the tubing and shall be the measure of the inside 

than (ameter of the tubing. While the tubing is on the rod, outside diameter 
it.) in g measurements shall be taken at distances 2 in. apart until five readings are 
rom; § ‘tained. ‘The outside diameter of the tubing shall be the average of these 


repre ve readings. 


onform to Method B of the Tentative Methods of Test for Thickness of Solid Elec- 
Insulation (A.S.T.M. Designation: D 374 - 34 T) of the American Society for Test- 
be aterials.1 


listers, 


be cut 


ote.—The procedure in using the micrometer for measuring the outside de 


Report 
7. The report shall include the inside diameter and the average, maxi- 
um, and minimum outside diameters in inches. 


DIELECTRIC STRENGTR 
Test Procedure 
8. The dielectric strength of the tubing shall be determined in accord- 
with the short-time dielectric strength test as described in Sections 2 
nl 9 of the Tentative Methods of Testing Sheet, Tape, and Molded In- 
ee lating Materials for Dielectric Strength (A.S.T.M. Designation: D 149 - 


of the American Society for Testing 
h sur °?ecimens and Electrodes 


1 a se 9. (a) A straight standard annealed copper wire shall serve as the inner 
sn of the trode in a specimen of convenient length. The nearest A.w.g. size of 


Toceedings, Am. Soc. Testing Mats., Vol. 34, Part I, pp. 1069, 982 (1934); also 1935 Book of A.S.T.M- 
ive Standards, pp. 1087, 980. 
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wire shall be selected which will fit snugly without stretching the tubing. 
The wire shall be free of bends to avoid a binding action on the tubing a 
it is being slipped onto the wire. After the tubing has been placed on the 
copper wire, strips of metal foil 2.54 cm. (1 in.) wide shall be tightly wrapped 
on the outside at a distance of not less than 7.62 cm. (3 in.) apart and at 
least 7.62 cm. (3 in.) from the ends of the specimen. 

(b) The metal foil shall have a thickness not to exceed 0.0005 in. and 
the first turn of the foil applied to the tubing shall be wiped snugly against 
the tubing. ‘Two more turns of the foil shall then be wound over this first 
turn, leaving a free end of 3 in. to which the electrical connection shall be 
made during the test. 


Notre.—The standard gage rods should never be used as the inner electrode. 
= which forms when the tubing punctures will invariably raise a pimple of melted n 
on the surface of the rod, spoiling it for use as a standard. 


Test Conditions and 
10. (a) ‘The test voltage shall be applied between the copper wire and 
_ each metal foil strip in turn. 


(b) ‘The tests shall be made in air with the specimen at room tem: 
perature. 
(c) ‘The dielectric strength shall be the average of ten puncturing 
voltages. 


Report 


11. The report shall include the ae 

(a) Total volts at each puncture. 

(b) The average, maximum, and minimum puncturing voltages. 
(c) The room temperature. 

(d) The relative humidity, in per cent 


HEAT 


Specimens 


12. Not less than ten specimens, each 15.24 cm. (6 in.) in length shal 
_ be cut from the samples. 


Note.—If the heat endurance i is in excess of 120 hr., additional specimens will h 


4 Procedure 


13. The specimens shall t be placed i in a uniformly heated electric ove 
of the analytical type in which the temperature is maintained between the 
limits of 105 and 110 C. (221 and 230 F.). ‘Two specimens shall be removed 
at the end of 24 hr. and every 24 hr. thereafter until failure occurs. Alte 
— cooling to room temperature of approximately 20 C. (68 F.), each specimet 
shall be bent through 180 deg. over a rod 0.32 cm. (3 in.) in diameter. The 
number of hours of baking at which first cracking across the specimen occu! 
shall be noted an« reported. 
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RATE OF BURNING 
a In the case of non-flammable or flame-resistant tubing) 


Apparatus 

14. The apparatus required for the rate of burning test shall be a 
punsen burner, a stop watch, and a suitable support for holding the 
specimen. 


Specimens 


15. At least three specimens 9.16 cm. (4 in.) in length shall be cut | 


fom the samples as obtained in Section 2. 


Procedure 


16. (a) A gage length of 2.54 cm. (1 in.) shall be marked on the test 
pecimen at least 2.54 cm. (1 in.) from the end of the specimen. ‘The 
specimen shall be held mechanically in a horizontal position in still air. 

(b) The flame of the bunsen burner shall be applied to the unsupported 
end of the specimen until the specimen ignites. The flame shall then be 
removed and the time in seconds for the leading edge of the flame to travel 


over the gage length of 2.54 cm. (1 in.) shall be observed with the stop 
watch. 


Note.—Any metal rod inserted into the specimen for convenience in holding the 


specimen must not enter the region spanned by the gage length. 


(c) The rate of burning shall be defined as the number of seconds . 


required to burn a length of 2.54 cm. (1 in.) of the specimen. 
Report 
17. The rate of burning for each specimen shall be reported. 
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TENTATIVE METHODS OF TESTING VARNISHES 
USED FOR ELECTRICAL INSULATION! 
A.S.T.M. Designation: D 115-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Head 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1921; RevisEp, 1922, 1923, 1924, 1925, 1926, 1928, 1929, 
1930, 1931, 1934, 1935. _ 


Scope 
1. These tests are intended for varnishes which are ap applied by 
brushing, dipping or spraying, and are primarily for the purpose of 


providing electrical insulation. 
SPECIFIC GRAVITY 


Specific Gravity 
2. The specific gravity shall be measured with a pycnometer, 
Westphal balance or with a hydrometer so graduated that the specific 


gravity can be determined to 0.001. The temperature of the varnish 
shall be not less than 18° C. (64.4° F.) nor more than 22° C. (71.6° F.) 
and corrected to 20° C. (68° F.) by applying a correction of 0.0007 
per 1° C. (0.0004 per 1° F.). 


VISCOSITY 
Viscosity 

3. (a) The viscosity shall be determined at 20° C. (68° F.) and 
the results shall be stated in terms of absolute viscosity—poise’ or 
centipoise (centipoise = 0.01 poise). 

(b) Viscosimeters used in this test shall be calibrated with oils 
certified as to viscosity in absolute units by the National Bureau of 
Standards. A calibration curve having viscosities in absolute units 
as ordinates and instrument readings as abscissas and covering the 
range of viscosities to be measured, shall be used. 

Note.—A description of the MacMichael viscosimeter as remodeled and 


miproved for varnish testing together with directions for its calibration in absolute 
units appears in Appendix I. 


‘Under the standardization procedure of the Society, these metheds are under the jurisdicti 
of the A.S.T.M. Committee D-9 on Electrical Insulating Materials. 

2 The absolute viscosity of a material or its viscosity in absolute units (c.g.s., poises) has been 
defined as the force in dynes required to move, at a velocity of 1 cm. per second, one surface having 
an area of | sq cm. past another parallel like surface 1 cm. away, overcoming the resistance to shear 
of the material filling the space between. 


(1084) 


Flas 
Stal 
Liq 
Tes 
20 
and 
of | 
| det 
lps film 
0.0: 
the 
sufi 
| Pro 
air 
| 
(68 
| left 
ap] 
fur 
air 
firs 
aft 
the 
| len 
| 
effe 
Tir 
38 
im 


FLASH POINT {| 
Flash Point 

4, The flash point shall be determined in accordance with the 
Standard Method of Test for Flash Point of Volatile Flammable 
Liquids (A.S.T.M. Designation: D 56) of the American Society for 
Testing Materials.! 

‘TIME OF DRYING 
Test Specimens 

5. (a) Specimens for this test shall be pieces of thoroughly 
cleaned, smooth sheet copper or brass about 4 cm. (1.57 in.) wide and 
20 cm. (7.88 in.) long and about 0.127 mm. (0.005 in.) thick. 

(b) The specimen shall be dipped once in the varnish at a room 
temperature of approximately 20° C. (68° F.) and withdrawn slowly 
and uniformly (about 38 cm. (15 in.) per minute). The consistency 
of the varnish shall be first so adjusted by trial that, when dry as 
determined in accordance with Section 7, the average thickness of the 
film of varnish on each side of the metal shall be between 0.022 and 
0.026 mm. (0.0009 and 0.001 in.) Care shall be taken before dipping 
the specimens that the varnish has stood in the dipping tank for a 
sufficient length of time to be free from air bubbles. 


Procedure 


6. (a) Specimens of air-drying varnish shall be dried in dust-free 
air at a room temperature of approximately 20° C. (68° F.). 

(b) In the case of baking varnishes, six specimens shall be dipped 
and allowed to drain at a room temperature of approximately 20° C. 
(68° F.) until the varnish is set as indicated when the impression 
left on the surface by pressing lightly thereon with a finger at a point 
approximately 2 in. from the bottom will not become obliterated by 
further flow of the material. ‘They are then to be dried in dust-free 
air in an oven at 105 to 110° C. (221 to 230° F.). At the end of the 
first 30 minutes, and again at the end of each 10-minute period there- 
after, one specimen shall be taken from the oven and examined. In 
the case of slow-drying varnishes, this 10-minute period may be 
lengthened at the discretion of the operator. 

Note.—The size of oven and the amount of ventilation have a considerable 


effect on the drying time of varnishes. For this reason the analytical type of 
electrically-heated oven should be used. 


Time of Drying 


7. The varnish shall be considered when a piece of kraft paper 
38 mm. (1.49 in.) in width and 152 mm. (6 in.) in length and approx- 
imately 0.063 mm. (0.0025 in.) in thickness does not adhere to the 


11933 Book of A.S.T.M. Standards, Part II, p. 663. 
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varnish when it is pressed on the surface of the varnish for one minute 
by a cylindrical 1-lb. weight, 1 in. in diameter. The kraft paper shall 
be applied in the vicinity of the center of the specimen and at right 
angles toit. The test shall be made at a temperature of approximately 
20° C. (68° F.). 

Note.—Certain types of varnishes dry with what is commonly known as 
a “tack”; but these types are rare. However, when testing them for drying time, 
it will be found that the kraft paper adheres to the varnish film and offers a certain 
amount of resistance to removal. On continued drying, the resistance to removal 
reaches constancy and is not changed by further drying. Therefore, the drying 
time is reported as the number of hours required to first reach constancy and the 
varnish should be reported as drying with a “tack.” a 


DIELECTRIC STRENGTH TEST! 

Scope 

8. (a) This test is intended to determine the suitability of an insu- 
lating varnish for use in certain electrical applications by taking the 
dielectric strength test under different conditions of temperature and 
after immersion in water. The test provides for the determination 
of dielectric strength under the following conditions: 
(1) At room temperature (approximately 20° C.) in air. 
(@) At 75° C. in air. 

($) At room temperature after immersion in water of approx- 
imately 20° C. (68° F.) for a period of 24 hours. 

Note.—Dielectric strength determinations may also be made at room tempera- 
ture and at 75° C. in oil. With this exception the procedure for test is the same as 


outlined here. If tests are made in oil this fact must be definitely reported with the 
results. 


4 


(6) Much more information about a varnish can be obtained by 
making the test under all three conditions than by making it under 
only one condition. The relation which the dielectric strength tests 
for a given varnish show to one another, is of quite as much significance 
as the values for the different tests considered separately. 


Test Specimens 


9. (a) Specimens for the dielectric strength test shall be prepared 
by dipping pieces of kraft paper about 20 cm. (7.88 in.) square and 
about 0.076 mm. (0.003 in.) in thickness into the varnish which shall 
be at the consistency specified in Section 5 (0). 

Note.—The paper used shall be that which is commercially known as No. ! 
sulfate kraft. The surface of the paper shall be smooth, free from pimples or lumps 


and reasonably free from hairy fibers. The paper shall also be free from conducting 
particles, slime spots, creases, cuts, specks or other ‘‘ paper defects.” 


1 This test is relative only, but it gives more uniform results than those obtained with a coppe! 
base. See Appendix II for a procedure for determining the dielectric strength on a copper base, D- 1103. 
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(b) Each specimen shall be dipped twice, as specified in Section 
5 (b), once in each direction, in order to give a more uniform thickness 
of coating. The specimen shall be dried after each dip in the same 
vertical position in which it was dipped. 

(c) Specimens of air-drying varnish shall be dried in dust-free 
air after each dip at a room temperature of approximately 20° C. 
(68° F.) for a period six times that determined in accordance with 
Section 7. 

(d) Specimens of baking varnish shall be drained and then baked 
in dust-free air at a temperature of 105 to 110° C. (221 to 230° F.) 
after each dip for a period three times that determined in accordance 
with Section 7. 

(e) The final thickness of the specimen shall be 0.152 mm. (0.006 
in.) to within +15 per cent. 
Procedure 


10. (a) The dielectric strength of the specimen shall be deter- 
mined by applying alternating potential to two circular metal disks, 
5.08 cm. (2.0 in.) in diameter and with edges rounded to a radius of 
0.64 cm. (0.25 in.) which are placed in contact with the two sides of 
the specimen directly opposite each other and under a pressure of 
approximately 0.5 kg. (1.1 lb.). Starting at zero, the voltage shall 
be increased at a rate of approximately 0.5 kv. per second. The 
electrodes shall be polished and cleaned after each puncture. As the 
temperature of the electrodes increases after a number of tests, it is 
advisable to change the electrodes after every twenty punctures. ‘Ten 
such punctures are to be made at various points selected at random 
on each specimen. After testing, the thickness of the specimen shall 
be determined by making five measurements on a strip cut diagonally 
across the specimen. ‘The measurements shall be equally spaced 
along the strip except in the case of a measurement being too close 
to a point of puncture. The average of the five measurements shall 
be considered as the thickness of the specimen. 

(b) The frequency of the test potential shall be not greater than 
100 cycles per second, and each part of the testing apparatus shall 
have a continuous rating of not less than 2 kva. (preferably larger). 
The wave form shall be a sine curve as defined by the American 
Institute of Electrical Engineers,’ and the voltage shall be meas- 
ured by methods approved by the same organization. 

(c) The voltage may be controlled by any approved method 
which does not distort the wave form beyond the limits prescribed 
above and which does not subdivide the voltage in steps greater than 
100 volts. The apparatus shall comply with the standards of the 
American Institute of Electrical Engineers.’ 


' Standards of the American Institute of Electrical Engineers. 
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Test Conditions 


11. The dielectric strength shall be determined under the follow- 
_ ing conditions: 

(a) At room temperature (approximately 20° C.) in air. a 5 

(b) At 75° C. in air. 


Note.—The tests at 75° C. shall be made in air in an analytical type of elec- 
trically-heated oven. The electrodes shall be at oven temperature before the test 
is started. Tests should be started 15 minutes after the specimen has been intro- 
duced into the oven and placed between the electrodes and completed before 15 
minutes additional have elapsed. 


(c) At room temperature on specimens which shall have been 
immersed in water at a room temperature of approximately 20° C. 
(68° F.) for a period of 24 hours. 


Nore |.—In testing specimens after immersion in water, only one specimen 
should be removed from the water at a time. The specimen after removal from 
the water should be carefully dried by placing between sheets of dry blotting paper 
and pressing down gently with the hand over the entire surface. If necessary, the 
blotting procedure should be repeated uritil the specimen is free from surface mois- 
ture. The specimen should then be tested immediately. If specimens are allowed 

_ to remain out of water for even a short time before testing, they dry out to a greater 
or less extent and the test is apt to be misleading. 

Note 2.—Dielectric strength determinations may also be made at room tem- 
perature and at 75° C. in oil. With this exception the procedure for test is the same 
as outlined above. If tests are made in oil this fact must be definitely reported with 
the results. 

Report 


12. In reporting the results for each of the three tests made as 
described in Section 11, the total voltage at puncture, the thickness 
of the specimen and the volts per mil of thickness shall be reported 
for each of the ten punctures together with the average, maximum 
and minimum values. In addition, the average dielectric strength 
in volts per mil of the test made at 75° C. and of the test made after 
water immersion shall be expressed as a percentage of that made at 
room temperature. 


HEAT ENDURANCE TEST 

Test Specimens 

13. (a) Specimens shal] be prepared by dipping pieces of thor- 
oughly cleaned, smooth sheet copper or sheet brass about 20 cm. 
(7.88 in.) in length, 3 cm. (1.18 in.) in width and 0.127 mm. (0.005 in.) 
in thickness, into the varnish. The consistency of the varnish shall 
previously be adjusted by trial so that, when dry as determined in 
accordance with Section 7, the average thickness of the film of varnish 
on each side of the metal shall be between 0.022 and 0.026 mm. 
(0.0009 and 0.001 in.). 
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(6) Each specimen shall be dipped in the varnish at room tempera- 
ture of approximately 20° C. (68° F.) and withdrawn slowly and uni- 
formly (about 38 cm. (15 in.) per minute). The varnish shall be 
allowed to dry in the air (if an air-drying varnish) or baked in an oven 
at 105 to 110° C. (221 to 230° F.) (if a baking varnish) until dry as 
determined in accordance with Section 7. As soon as the first coat 
of varnish is dry, and the specimen is at room temperature, it shall 
be dipped again in the varnish in the reverse direction so as to give a 
uniform thickness of coating. ‘The second coat of varnish shall be 
allowed to dry in the same manner as the first coat. When the second 
coat of varnish is dry, the specimen shall be measured. The thickness 
of varnish on each side of the metal shall be between 0.044 and 0. 052 


mm. (0.00173 and 0.00205 in.). 
Procedure 


14. (a) The specimens shall be placed in a uniformly-heated 
oven, in which the temperature is maintained at 105 to 110° C. (221 
to 230° F.). A specimen shall be removed at the end of the first 24 
hours and every 24 hours thereafter. 

Note.—Because of temperature variations between different levels in the oven, 
the specimen should be placed in the oven with the 8-in. dimension horizontal and 
the l-in. dimension vertical. All specimens should be at the same level in the oven. 


(6) Each specimen, after heating, shall be tested at room temper- 
ature of approximately 20° C. (68° F.) by bending it through 180 deg. 
around a rod 0.32 cm. (0.125 in.) in diameter. 

Report 


15. The number of hours of baking of the specimen which first 
showed cracking of the varnish film shall be reported, together with 
the make and type number of the oven used. 


Nore 1.—This size of oven and the amount of ventilation have a considerable 
effect on the heat endurance of varnish films. For this reason the analytical type of 
tlectrically-heated oven should be used. 

Note 2.—The temperature of the oven should be held as closely as possible to 
the mean (107.5° C., 225.5° F.). A difference of 5° C., (9° F.) in this temperature 
tange, when continuously maintained, has a very considerable effect (approximately 
25 per cent) on the life test of a varnish. 

Note 3.—As the “grain” of the copper influences the result of the test, the heat 


endurance test specimens should be prepared by cutting the copper strips parallel 
with the direction of rolling. 


Test Specimens 


16. (a) To test for the effect of oil, the specimens shall be pre- 
pared as prescribed in Section 13 (a). 


(0) The specimens shall be dipped and dried as prescribed in 
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Procedure 

17. The effect of oil on the varnish shall be determined by immers- 
ing the specimens in transformer oil at a temperature of 105 to 110°C. 
(221 to 230° F.) for 48 hours and noting the effect on the varnish as 
indicated, for example, by wiping with a piece of dry white cloth. 


Norte.—Incipient disintegration of the surface of the varnish may sometimes 
be detected by examining the oil for turbidity. If a specimen of the used oil 
filtered through filter paper can be distinguished from an unfiltered sample of the 
used oil, when the two samples in identical containers are held in front of a 
diffused light, the oil is turbid. 


DRAINING TEST 
(ALSO KNOWN AS “ WorRKING Viscosity” TEsT) 
Test Specimen 


18. A strip of sheet copper or brass about 4 cm. (1.57 in.) wide, 
35 cm. (13.78 in.) long, and 0.127 mm. (0.005 in.) thick, shall be 
immersed in the varnish at a room temperature of approximately 20° 
C. (58° F.) up to a line previously drawn across the strip 1 in. from 
the top. The sheet shall be withdrawn at a slow and uniform rate 
(about 38 cm. (15 in.) per minute), care being taken that the varnish 
is free from air bubbles. ‘The specimen shall be permitted to drain 
thoroughly at room temperature while suspended in a vertical posi- 
tion. It shall then be dried or baked (according to the type of the 
varnish) until dry as determined in accordance with Section 7. 
Measurements 

19. The thickness of the specimen in mils shall be measured at 
points 5.1 cm. (2 in.), 17.8 cm. (7 in.) and 30.5 cm. (12 in.), respec- 
tively, from the line to which the specimen was immersed. 
Report 

20. The thickness of each film in mils at the three points specified 
in Section 19 shall be recorded. The difference between the thickness 
at the upper point (5.1 cm.) and that at the lower point (30.5 cm.) 
shall be taken as a measure of the variation in the film thickness 
caused by draining. 


TEST FOR NON-VOLATILE MATTER BY WEIGHT 

Apparatus 

21. The apparatus required consists of a chemical balance, a glass 
thermometer having a range of 0 to 150 or 200 C. and accurate within 
1 C., a constant-temperature oven of uniform temperature, a stop- 
pered bottle and flat bottom metal drying dishes. Each metal drying 
dish shall have an inside diameter of approximately 23 in. (7 cm.) 
and a depth of approximately ;; in. (8 mm.). 


Note.—A standard single-friction tin can cover having a diameter of 2}; in. 


is suitable for use as a drying dish. 
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Test Specimen 


22. The specimen shall consist of approximately 1.5 g. (1.35 g. 
to 1.65 g.) of the sample of varnish taken from the shipment. 


Procedure 


23. (a) Preparing the Specimens.—A portion of the sample of 
varnish shall be placed in a stoppered bottle or weighing pipette and 
weighed. Approximately 1.5 g. (1.35 g. to 1.65 g.) shall be transferred 
from the weighed stoppered bottle to a weighed drying dish which 
has previously been heated for 30 min. at 135 C. and cooled in a 
desiccator. ‘The stoppered bottle with the remaining contents shall 
be weighed again. The exact weight of the specimen transferred to 
the drying dish shall be determined by difference. A total of three 
specimens shall be prepared from the contents of the stoppered bottle. 

(b) Drying the Specimens.—The specimens shall be placed in the 


constant temperature oven within 30 min. after preparation. The 
specimens shall be heated for a period of 3 hr. at the temperature 
designated, as follows: 


Impregnating varnishes of the phenolic-resin type...... 132 to 138 C, 
Other types of insulating varnishes................... 105 to 110 C, 


ir for uniformity of temperature, only one shelf must be used for supporting the 
pecimens, and the bulb of the thermometer for indicating the temperature shall be 
in close proximity to the specimens. 


Note.—In a gravity type of oven which depends upon the natural circulation of ; 


(c) Weighing the Dried Specimens.—At the termination of the 
3-hr. heating period, the specimens shall be removed to a desiccator : 
for cooling to room temperature. Each specimen shall be weighed 
immediately upon removal from the desiccator. 

(d) Calculation—The ratio of the weight of the dried specimen 
to the weight of the specimen in the original state expressed as a 
percentage is the percentage of non-volatile matter by weight. 


Report 


24. The report shall include the following: 
(a) The type of varnish; * 
(b) The oven temperature, and 
‘ _ (c) The percentage of non-volatile matter. 


TEST FOR VOLATILE MATTER BY VOLUME 


Scope 


25. This test is intended to determine the volume percentage of 
volatile matter (solvent) in a varnish, and to afford a means of arriving 
at the volume composition of the varnish with respect to volatile 
(solvent) and non-volatile (base) constituents. - 
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Procedure 


26. (a) About 100 ml. of the varnish shall be distilled in accordance 
with the Standard Method of Test for Distillation of Gasoline, Naph- 
tha, Kerosine, and Similar Petroleum Products (A.S.T.M. Designa- 
tion: D 86) of the American Society for Testing Materials.! The 
distillation shall be “qualitative” instead of “‘quantitative” as given 
in Section 9 of the Standard Method D 86; that is, it is not necessary 
to record the volume of distillate recovered, or the temperature of the 
initial boiling point or end point. 

(b) The distillation shall be continued until a suitable end point 
indicates that all the volatile matter (solvent) has been distilled off. 

Nore.—In the distillation of varnishes the end point differs with the various 
types and compositions. In all cases, however, the rate of distillation slows down 
as the end point is approached; and, when the end point is reached, acrolein (formed 
in the decomposition of the varnish base) is evolved and may be detected by its 
characteristic odor. 

In addition to the evolution of acrolein, the following phenomena are suitable 
indicators of end point: 

(1) When the end point of the solvent is considerably lower than the initial 
boiling point of the base, the end point of the distillation is indicated by the tem- 
perature reaching a maximum and then starting to fall consistently. 

(2) When the end point of the solvent and the initial boiling point of the base 
are too close, or overlap, the above temperature drop does not occur. The end 
point of the distillation is then indicated by a sudden foaming up of the residual 
base in the distillation flask; or, if the distillation has been accompanied by foam- 


ing, the end point is indicated by a breaking of surface tension with a consequent 
cessation of foaming. 


Specific Gravity 


27. The specific gravity of the volatile matter (solvent) recov- 
ered by distillation shall be determined in accordance with the pro- 
cedure described in Section 2. 

Volatile Matter by Weight 

28. The difference between 100 per cent and the percentage of 
non-volatile matter determined in Sections 21 to 24 shall be calculated 
and recorded as the percentage of volatile matter by weight. 

Volatile Matter by Volume 

29. The percentage of volatile matter by volume shall be cal- 

culated from the formula: a 
46 

where 

x = the percentage of volatile matter by volume; | 

_A = the specific gravity of the original varnish, as determined in Section 2; 
_B = the specific gravity of the volatile matter (solvent) recovered by distilla- 

tion, as determined in Section 27; and 
C = the percentage of volatile matter by weight, as determined in Section 28, 


_ 141935 Supplement to Book of A.S.T.M. Standards, p. 177. 
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Accuracy 


30. With proper care and attention to detail in making this test, 
differences occurring between different laboratories should not exceed 
2 per cent for varnishes containing solvents which have end points not 
over 235° C. (455° F.), and should not exceed 4 per cent when the end 
point of the solvent is as high as 307.2° C. (585° F.). 


DIELECTRIC STRENGTH OF VARNISH IN THE LIQUID STATE 
Scope 
31. The purpose of the dielectric strength test of varnish in the 
liquid state is to insure that the varnish is free from moisture and 
foreign matter such as might come from unclean shipping containers. 


Apparatus 


32. The apparatus shall be as described in Section 14 of the 
Standard Methods of Testing Molded Materials Used for Electrical 
Insulation (A.S.T.M. Designation: D 48) of the American Society for 
Testing Materials.' The test cup for holding the sample of varnish 
shall be made of a material having a suitable dielectric strength. It 
must be insoluble in and unattacked by mineral oil and gasoline and 
non-absorbent so far as moisture, mineral oil and gasoline are con- 
cerned. The electrodes in the test cup between which the sample 
is tested shall be circular disks of polished brass or copper, 1 in. in 
diameter and having square edges. ‘The electrodes shall be mounted 
in the test cup having their axes horizontal and coincident, with a 
gap of 0.1 in. between their adjacent faces, and with top of electrodes 
about 33 mm. (1} in.) below the top of the cup. 


Procedure 


33. (a) The electrodes and the test cup shall be wiped clean with 
dry calendered tissue paper or with a clean dry chamois skin, and 
thoroughly rinsed with a suitable solvent such as dry benzol or redis- 
tilled carbon tetrachloride. The electrodes and test cup shall then 
be rinsed with some of the varnish to be tested. 

(6) The spacing of electrodes shall be checked with a standard 
tound gage having a diameter of 0.100 in. and the electrodes then 
locked in position. Care shall be taken not to touch the electrodes 
with the gage or in any other manner after cleaning the electrodes 
and cup, so as to avoid any possible contamination. 

(c) The temperature of the varnish when tested shall be the 


same as that of the room, which should be between 20 and 30° C. 
(68 and 86° F.). 


* 1933 Book of A.S.T.M. Standards, Part II, p. 1097. 
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(d) The sample of the varnish shall be shaken so that it will be 
thoroughly mixed before filling the test cup, the shaking shall be done 
gently to avoid the formation of bubbles. 

(e) The cup shall be filled with varnish to a height of not less 
than 20 mm. (0.787 in.) above the top of the electrodes. 

(f) The varnish shall be allowed to remain in the test cup until 
all air bubbles have disappeared. 

(g) Voltage shall be applied and increased uniformly at the rate 
of approximately 3 kv. (r.m.s. value) per second until electrical break- 
down occurs as indicated by a continuous discharge across the gap. 
(Occasional momentary discharges which do not result in a permanent 
arc may occur; these should be disregarded.) 

(hk) After the breakdown and before removing the varnish from 
the test cup, the electrode surfaces shall be rubbed thoroughly with 
dry calendered tissue paper wrapped around a knife blade to provide 
stiffness. The test cup shall then be emptied and immediately 
refilled with the next filling of varnish to be tested. 

(4) Five fillings shall be tested in conformity with the above pro- 
cedure and the last filling of the cup shall drain the sample container. 


Variations in Results 


34. Differences as great as 15 per cent may occur between dif- 
ferent laboratories in the results of this test. This is considered 
satisfactory in view of the purpose of the test. 


Report 
_ 35. The report shall include the following: 
(a) The kilovolts (r.m.s. value) at each electrical breakdown; 
(b) The average value of the 5 breakdowns in kildvolts; and 
(c) The mean deviation from the average value expressed as a 
percentage of the average breakdown value. 


| 
if 
Me 
the 
abs 
val 
> 
Th 
001 
wh 
de 
de: 
br 
po 
Te 
an a of 
. 
ar 


ApPpENDIx I 


DESCRIPTION AND USE OF REMODELED MacMICHAEL 
_.-VISCOSIMETER FOR DETERMINING VISCOSITY 
OF INSULATING VARNISHES 


APPARATUS 


The viscosity of varnishes may be determined by means of the remodeled 
MacMichael Viscosimeter shown in Figs. 1, 2 and 3. This instrument gives 
the viscosity values in terms of MacMichael degrees which are converted into 
absolute units of viscosity (centipoise) by means of the calibration curves of the 
various suspending wires. 

In Fig. 1 the apparatus, consisting of the following parts, is shown unas- 
sembled: 


A is the indicator by means of which the zero is adjusted and readings on 
scale D are taken. 

B is the insulated wire suspension, the torsion of which measures the vis- 
cosity. The wire is fastened only at the bottom of its insulating sleeve LE’. 
This is suspended by hanging it on points P’. (Ten wires of different size to 
cover various ranges of viscosities are supplied.) 

C is the clamp screw which clamps the hollow spindle E to the sleeve E’ 
which holds the torsion wire B. 

D attached to hollow spindle EZ is the dial on which are calibrated the 
degrees MacMichael (300 deg. to the circumference). By means of this dial 
and indicator A the degrees deflection are determined as indicated in the method 
described below. 

E is the hollow vertical spindle inside of which is the torsion wire sleeve E’ 
which contains torsion wire B. 

F is an oil-filled dash pot which acts as a brake to deaden oscillations and 
bring the suspension to rest quickly when making a determination. ‘The dash 
pot swings between arm guides F’ when the machine is assembled. 

G is the brass disk which is attached to the bottom of vertical spindle E. 
Torsion wire B and E’ is inserted into E and clamped with screw C and the disk 
G is then suspended in the liquid whose viscosity is being measured. Rotation 
of the sample cup H rotates the liquid and the rotating liquid exerts a certain 
force on the disk G partially rotating it and thus a torsion is produced in the 
wire suspension B, the deflection of which (or degree of torsion) is read from the 
scale on deflecting disk D. 

H is the container which holds the sample. A locking device fastens it 
securely to I or J. ; 

I is the water bath used for securing a uniform temperature in the liquid 
whose viscosity is being determined, when these viscosity measurements are 

at temperatures approximating that of the room (used on varnishes and 


J is the heating unit which is used in place of J when viscosity measurements 
are made at high temperatures (used on compounds). 
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K is the contact which carries the electric current to the heating unit cup J, 
It can be swung back when using cups H and J and when therefore electric heat- 
ing is not desired. 

L is the counter which indicates the revolutions per minute of the turntable 
M. A trip arrangement allows this counter to be lowered or raised, thus throw. 
ing the counter in or out of operation at will. 


Fic. 1.—Improved MacMichael Viscosimeter Apparatus, Unassembled. 


- Mis the rotating turntable in which J or J are set. A locking device (not 
shown) locks J or J securely to the turntable M so that when the turntable 
rotates the water bath or heating unit with the sample container also rotate. 

N is the inclosing case under which is the motor and governor shown in 
Fig. 3. These operate turntable M. 

O is a rheostat which controls the current going to the heating unit J. 

O’ is a rheostat controlling current for motor (shown only on remodeled 
instruments). 

P is the knife switch (snap switch on new type machine) controlling the 
current for the heating unit J. 

R is the push button which controls the electric current operating the 


otor shown in Fig. 3. 
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S is a leveling screw to level the instrument. Another such screw (not 
shown) is directly opposite to this one. 

T is the governor screw that adjusts the speed of the motor by adjusting 
the governor shown in Fig. 3. In the remodeled apparatus the speed of rotation 
of turntable M can be decreased by moving the large gear in gear box away from 
the motor until pin of motor shaft is disengaged from slot of gear sleeve. The 


instrument is sent out with gear in low-speed position; to obtain high speeds 
shift gear toward motor until pin is engaged. 


Fic. 2.—Improved MacMichael Viscosimeter Apparatus Assembled 
. for Testing Varnish or Oil. 


U is the measuring device used to measure the depth of the liquid in con- 
tainer H. 

p are the projecting points on which the assembled spindle, namely, insu- 
lated torsion wire suspension B and E’, spindle and deflection dial D, and im- 
mersed disk G are suspended. 

The apparatus is shown assembled in Fig. 2 for viscosity determinations 
on oil or varnish. Explanatory letters refer to the same parts as in Fig. 1. 

In Fig. 3 are shown the internal structure and cup and heating unit assem- 
bled for testing compounds. The explanatory letters refer to the following: 

V is the motor which operates the turntable M. a 
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W is the governor controlling the speed of the turntable M. 
X are the leads to connect instrument to 110-volt alternating current or 
direct current lighting circuit. 
Y is the clamp holder for holding the spindle Z with its dial D, when the 
machine is not in use (remodeled machines). 
The heating unit J and the sample container, H, are here shown assembled 
_ as used in the viscosity determinations on compounds. 


Fic. 3.—Improved MacMichael Viscosimeter Apparatus Showing Internal 
Structure and Cup and Heating Unit for Testing Compounds. 


_ Directions ror MAKING VIscosiITy MEASUREMENTS ON VARNISH 


Cups and disks must be perfectly clean. Otherwise reliable results cannot 
be obtained. 

Dash pot F on the stem of the spindle should be two-thirds full of a 
medium grade of good machine oil (Etna Engine or Appollo) in order to 
dampen vibrations. 

Use water bath J to secure and maintain the temperature of the sample in 

_ H when testing varnishes or oil. 
Insert container H into water bath J. See that they are properly locked 
_ together, then lock bath J on turntable M. 
Choose the proper torsion wire suspension for the liquid to be tested. 
Experience is the best guide to determine what suspension to use. Screw the 
disk G to the spindle E, and insert into E the proper insulated torsion wire 
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suspension EZ’. Suspend these assembled parts from points p so the disk is 
suspended in the container H. Be sure to always suspend the wire on the 
points p with the flat side of the triangular button against the flat side of the 
supporting arm. The rounded surface of the triangle must face out towards 
the operator. ‘Tightly fit the cover of the dash pot F on the arm guides F’. 

- See that the instrument is perfectly level. Use leveling screws S to adjust 
theinstrument. The instrument is level when the suspended sleeve E swings 
exactly in the center of the hole of the cover on the dash pot. 

Adjust the speed of the turntable to 60 r.p.m. This should be checked 
each time determinations are made. Use the governor screw T to adjust the 
speed of the motor. ‘The gear in the gear box, referred to under T in the descrip- 
tion of Fig. 1, should be in high speed position, that is, towards the motor. 
Use a stop watch to adjust the speed. After the speed is adjusted, lower the 
counter L so it will not operate during the following procedure. 


Note.—The deflection is directly proportional to the speed of rotation. The 
60 r.p.m. must therefore be maintained when the varnish, oi] or compound is in 
thecup. It is, therefore, necessary to check first the revolutions per minute without 
the disk suspended in the sample, and again, when running a determination with the 
disk suspended in the sample. The motor must give the same number of revolutions 
per minute in each case and this value must be the same as was used for calibrating 
the suspension. 


When the instrument is level adjust the indicator A to the zero mark on 
the dial D, when the spindle is suspended in the air, by moving the indicator 
as necessary. When the indicator has been set it must not be moved again 
until the test has been completed. 

Fill the container 7 with the sample to be tested to a depth of 35cm. A 
special device U is provided to measure this depth. Lay this device across the 
cup so the pointed end projects into the cup. When the surface of the liquid 
just touches the point, the depth of the liquid in the cup is 3.5 cm. 

Raise or lower the temperature of the oil or varnishes to 21° C. by adding 
hot or cold water to the water bath, always stirring the sample well until a 
uniform temperature is secured. This is imperative. ‘The sample may be 
stirred by rotating the sample cup frequently. It may also be stirred by lifting 
the spindle from the points p and stirring with the disk G holding the spindle 
by the barrel Z and stirring by giving the disk an up-and-down movement in 
thesample cup. In the case of compounds, it is necessary to stir in this manner. 
In testing varnishes and oils, usually sufficient stirring can be obtained by 
totating the cup while holding the barrel E to keep the disk stationary. If the 
spindle is removed from the points p it must always be suspended again with 
the same flat side of the supporting triangular button against the supporting 
arm so that the zero position is not changed. 

_ If, when resuspending the spindle from points p it is noted that the zero 
point has moved, do not reset the indicator A as the change probably is due to 
some torsional effect produced by the sample. This may be especially noticed 
when testing compounds. Rotate the cup and take the reading without reset- 
ting the indicator. 

When reading the thermometer have the bulb in the sample midway between 
the disk and the container wall and not resting on the bottom. Test the tem- 
perature at various points in the container to determine if a uniform tempera- 


ture has been secured. 77? 
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When a uniform temperature of 21° C. is secured, start the cup rotating by 
closing the switch R. Keep a hand on the switch and watch the scale on the 
disk D. If there is any danger that the deflection will go beyond the maximum 
limit for the suspension being used, open the switch immediately. Insert the 
next strongest wire suspension into the spindle and repeat as above indicated, 
When changing suspensions it is necessary to again set for zero. ‘This may be 
accomplished without removing the sample, by simply removing the water 
bath, J, with its sample container, H, and then suspending the spindle with its 
new suspension on p, and leveling and adjusting as described above. It is 
necessary, of course, to thoroughly clean the disk, G, when doing this for if any 
varnish film should dry on the disk, the uneven or rough surface thus produced 
on the disk would cause an erroneous reading. A suspension wire should never 
be allowed to deflect heyond its maximum limit, for beyond this point a per- 


I—MaximuM AND MINIMUM LIMITS FOR SUSPENSIONS. 


MINIMUM APPROXIMATE MAXIMUM APPROXIMATE 
SUSPENSION DEFLECTION, EQUIVALENT DEFLECTION, EQUIVALENT 
NUMBER DEG. CENTIPOISE DEG. CENTIPOISE 
& S. Gage No.) MAcMICHAEL READING MacMIcHAEL READING 


30 (Weakest) 18 125 89 
35 100 200 

30 35 175 

32. 400 

200 45 975 

225 40 1800 

750 50 4200 

24 4000 

750 4000 

1375 5 5500 


manent set would be produced in the wire and a new calibration of the wire 
would have to be made or probably a new wire would have to be used. Table! 
gives a maximum and minimum limit for suspensions now in use. If the deflec- 
tion is less than this minimum limit the next weakest suspension must be 
inserted and the test repeated. The reason for this is that at low deflections 
a change in slope appears on the calibration curve of the MacMichael degrees 
versus centipoises The percentage error is magnified here and hence a reading 
that comes up higher in the calibration curve should be used. ‘The maximum 
limit given may not be the limit to which it is permissible to deflect the wire 
in order to prevent its acquiring a permanent set. It, however, happens to be 
the limit of the calibration curve available for that suspension when the wire 
was calibrated 

Record the deflection in degrees MacMichael and read the viscosity i 
centipoises from the calibration curve of the suspension used. 

Nore 1.—Before any sets of suspensions are used, they must be calibrated as 
noted under heading ‘‘Calibration of Suspensions.” 

Note 2.—The following table gives the diameter of the wires (new American 
music wire gage) used in making the suspensions and the maximum limit of torsion 
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in degrees MacMichael to which they may be subjected before they acquire a perma- 
nent set: 


TORSIONAL 
DIAMETER LIMIT, DEG. 
SusPENsion Number (B. & S. Gage No.) WirE, IN. MACMICHAEL 


30 (Weakest) 0100 125 


0126 118 


.0159 110 


.0201 102 
0254 92 
81 
.0320 73° 


.0403 55 
-0508 35 
.0641 5 


NotE 3.—Not all of the suspension noted above are required in testing varnish 
Suspensions 22, 21 and 20 will be sufficient for practically all varnishes. The heavier 
wires 18, 16 and 14 are used for very viscous materials. _ 


CALIB&ATION OF SUSPENSIONS. 


In order to calibrate the torsion wire suspensions used in this apparatus 
to measure viscosity, a number of samples of oil and a sample of pure castor oil 
should be prepared and sent to the U. S. Bureau of Standards for determination 
of absolute viscosity at various temperatures. The following are typical data 
as supplied by the Bureau of Standards on four standard samples of oil: 


TEMPERATURE, VISCOSITY, 
Om SAMPLE DEG. CENT. 


CENTIPOISES 
10 29.95 
No. 1. Mineral Oil (Transformer) 63 seconds Say- 20 


18.6 
bolt viscosity at 100° I 30 12.44 


1 72.50 
No. 2. Mineral Oil (Transformer) 104 seconds Say- _ 


41.02 
. ° 
bolt viscosity at 100° F 25.40 


405 
No. 3. Mineral Oil (Lubricating) 297 seconds Say- 169.9 
bolt viscosity at 100° F 89. 64 
2693 
1704 
No. 4. Castor Oil, U.S. P. (AA) 1104 : 
746 


The viscosity of sample No. 1 is so low that even with the weakest suspen- 
sion only a very small deflection is secured. As the percentage of error is higher 
at small deflections than at large deflections, such a sample should not be used. 
These samples must have their absolute viscosities checked at least once a year 
as ing been found that the oils undergo some change on standing over long 
periods. 

The calibration of the wires is made by testing the standardized samples 
of oil, following the directions as given above under heading “Directions for 
Making Viscosity Measurement on Varnishes.” Tests are made at the same. 
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temperatures as used by the Bureau of Standards for their absolute viscosity 
tests. The above standard samples would be used as follows: 


SUSPENSION NUMBER 
Sample No. 2 at 10° C.—20° C.—30° C 30, 28, 26, 24, 22 and 21 


“ 3“ 10° C.—20° C.—30° C 
3 “ 20° C.—30° C 26, 24, 22 and 21 
e” 18, 16 and 14 
20, 18, 16 and 
21, 20, 18 and 16 
47 21, 20, 18 and 16 


The degrees MacMichael obtained for each suspension on each sample at 
each temperature are plotted against corresponding U.S. Bureau of Standards 
absolute viscosity figures (centipose) for those samples at the same temperatures 
and a line is drawn through these points, ‘The line should be straight except 
possibly at low deflections where the error is correspondingly high. 

Once every two months the suspensions should be recalibrated. In this 
recalibration the viscosities obtained as read from the plotted curve are com- 
pared with the Bureau of Standards viscosities and if they agree within 10 
per cent, the curve need not be replotted. In cases of low viscosities 15 per cent 
error is allowable. If the majority check tests show a larger error, a new curve 
should be plotted for the suspension 
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DIELECTRIC STRENGTH TESTS ON COPPER BASE 


Where it is desired to make dielectric strength tests of solid films of varnish 
(as distinguished from the specimens prescribed in the methods, which are a 
combination of varnish and paper fibers), it is recommended that copper be 
used as the base as formerly required in the methods. The following are the 
directions for preparing and testing such specimens: 

1. (a2) Specimens are prepared by dipping pieces of thoroughly cleaned, 
smooth sheet copper or brass about 20 cm. (7.88 in.) square and about 0.127 mm. 
(0.005 in.) thick into the varnish which is at the consistency prescribed in Sec- 
tion 5 (b) of the methods. 

(b) Each specimen is dipped twice, once in each direction, in order to give 
a more uniform thickness of coating. The specimen is dried after each dip in 
the same vertical position in which it was dipped. 

(c) Specimens of air-drying varnish are dried in free air after each dip at 
a room temperature of approximately 20° C. (68° F.) for a period six times as 
long as that determined in accordance with Section 7 of the methods. 

(d) Specimens of baking varnish are drained and then baked after each dip 
for a period three times as long as that determined in accordance with Section 7 
of the methods. 

(e) The final thickness of the film of varnish on each side of the specimen 
is between 0.044 mm. (0.0018 in.) and 0.052 mm. (0.002 in.). 

2. (a) The dielectric strength of the two films of varnish is determined by 
applying alternating potential to two circular metal disks, 5.08 cm. (2.0 in.) in 
diameter and with edges rounded to a radius of 0.64 cm. (0.25 in.) which are 
placed in contact with the two sides of the specimen directly opposite each other 
and under a pressure of approximately 0.5 kg. (1.1 lb.). Starting at zero, the 
voltage shall be increased at a rate of approximately 0.5 kv. per second. ‘The 
electrodes shall be polished and cleaned after each puncture. As the tempera- 
ture of the electrodes increases after a number of tests, it is advisable to change 
the electrodes after every twenty punctures. Ten such punctures are to be 
made at various points selected at random on each specimen. After testing, 
the thickness of the specimen shall be determined by making five measurements 
on a strip cut diagonally across the specimen. ‘The measurements shall be 
equally spaced along the strip except in the case of a measurement being to 
close to a point of puncture. The average of the five measurements shall be 
considered as the thickness of the specimen. 

Note.—When necessary, in order to get ten punctures, additional specimens 
should be tested. 

(6) The frequency of the test potential shall be not greater than 100 cycles 
per second, and each part of the testing apparatus shall have a continuous rating 
of not less than 2 kva. (preferably larger). The wave form shall be a sine curve 
as defined, and the voltage shall be measured by methods approved by the 
American Institute of Electrical Engineers. 

(c) The voltage may be controlled by any approved method which does 
not distort the wave form beyond the limits prescribed above and which does 
not subdivide the voltage in steps greater than 100 volts. The apparatus shall 
comply with the Standards of the American Institute of Electrical Engineers. 

_ 3. The volts at puncture, the net thickness of insulation and the volts per 
mil of net thickness shall be reported for each of the ten tests together with the 
average, maximum and minimum volts per mil. 
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TENTATIVE SPECIFICATIONS AND TESTS 
FOR 
FRICTION TAPE FOR GENERAL USE FOR 
ELECTRICAL PURPOSES! _ 


A.S.T.M. Designation: D 69-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Heac 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED AS TENTATIVE, 1920; ADOPTED IN AMENDED Form, 1924; REVISED, 1928; 
REISSUED AS TENTATIVE, 1932; REVISED, 1934, 1935. 
Scope 
1. These specifications cover friction tape commonly used for 


_ protecting and binding in place, insulation applied to joints of elec- 


trical wires and cables, and for other electrical and mechanical pur- 
poses. The tape consists of cotton sheeting that has been impregnated 
with an adhesive insulating compound and cut into rolls of narrow 


width. 
MANUFACTURE 
Cotton Sheeting 


2. The cotton sheeting shall be evenly and firmly woven from 
good cotton and as free from unsightly defects, dirt, knots, lumps and 
irregularities of twist as is consistent with the best manufacturing 
practice. The threads shall run in as straight lines as possible, with- 
out waving, so as to reduce to a minimum the raveling of the cloth 
when cut into tape. 


Frictioning Compound 

3. The frictioning compound shall be a tacky adhesive insulating 
compound containing practically no free sulfur or other substances 
which would have a deteriorating effect on copper or other metals, 
or on the fabric. 


Impregnation of Fabric 
4. The fabric shall be thoroughly impregnated and evenly 
covered on both sides with the frictioning compound. 


1 Under the standardization procedure of the Society, these specifications are under the jurisdiction 
of the A.S.T.M. Committee D-11 on Rubber Products. 

These specifications are in effect a revision of, and replace the former Standard Specifications fe t 
Friction Tape for General Use for Electrical Purposes (A.S.T.M. Designation: D 69 - 28), whic 
standard was accordingly discontinued in 1932. ae 
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ai 


Adhesiveness of Compound 
5. The compound shall adhere firmly to the fabric, and shall not 
pull away from the fabric so as to leave bare spots when adjacent 


layers of tape are separated. 


SAMPLING 
Sampling 


6. (a) The tape offered for inspection shall be divided into one 
or more lots of approximately equal numbers of rolls in accordance 
with the following table: 


ct 


RoLLs OFFERED FOR INSPECTION NuMBER oF Lots 
C- additional 1000 
r rolls. 


» 
The lots shall be marked for identification and one sample roll shall 
be taken at random from each lot for purpose of tests and marked to 
correspond with the lot from which it was selected. Unless otherwise 
specified, one specimen from each sample roll shall be tested in accord- 
ance with the specifications. 

(b) At least 2 ft. of the outer layer of each roll selected for pur- 
pose of tests shall be removed and discarded before taking test 
8 specimens. 

(c) The tape required for test specimens shall be unwound from 
the roll at a slow uniform rate without jerking. 


CHEMICAL AND PHYSICAL PROPERTIES AND 

ig Discoloration of Copper 

es 7. The discoloration of copper test shall be made only when 
s, requested by the purchaser. Five superimposed layers of tape shall 
be wound on a clean, bright, smooth copper rod, approximately } in. 
in diameter and 3 in. in length, and baked at 100 C. (212 F.) for 16 hr. © 
in a sealed test tube. At the conclusion of the test the blue-black — 


) color, characteristic of copper sulfide, shall not appear on the rod at 
: the edge of the tape. 

Pinholes 

ch 8. The number of pinholes in a specimen of three consecutive 


yards of tape selected at random from any portion of the sample 
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roll shall not exceed six for }-in., eight for 1-in., twelve for 1}-in., 
and sixteen for 2-in. tape. Ruptures of the insulating film at the 
extreme edges of the tape, due to the slight tearing action of the cutting 
knife, shall not be considered pinholes. 


_ Determination of Pinholes 

: 9. The number of pinholes shall be determined while the tape 
specimen is held over a slot in the top of an illuminated box. The 
box shall be approximately 8 in. in width by 8 in. in height and 18 
in. in length, inside dimensions. The slot shall be 2 in. in width by 
12 in. in length. The box shall be painted white inside and illu- 
minated by a 25-watt lamp. ‘The slot shall be covered with clear 
glass set flush with the top of the box. Means shall he provided to 
limit the light to the width of the tape. 


Tensile Strength 

10. The tensile strength of the tape specimen shall be not less 
than 40 Ib. per inch of width. The initial distance between the jaws 
of the testing machine shall be 12 in. and the rate of separation of 


the jaws shall be 20 in. per minute. a, 
Adhesion Test 


11. (a) Cold Adhesion Test.—The adhesion between adjacent 
layers of the tape shall be determined as follows: A specimen 23 in. 
_ in length shall be removed from the sample roll, care being taken not 
- to touch the surface to be tested with the hands or otherwise. One 
end of the specimen shall be inserted in the slot of the mandrel de- 
scribed below and 2 in. of the tape shall be wound on the mandrel. 
_ A weight of 10 Ib. per inch of width shall then be attached to the end 
of the specimen and 19 in. of the tape shall be wound on the mandrel 
at a uniform rate of 12 in. per minute. The tape shall be allowed to 
remain 3 min. with the weight attached, after which a weight of 4 lb. 
per inch of width of tape shall be substituted for the weight of 10 lb. 
per inch of width, and the tape allowed to unwind. After 2 in. have 
unwound, the rate of unwinding shall be not greater than 15 in. in 
1 min. ‘The temperature of the room and the temperature of the 
tape shall be not less than 20 C. (68 F.) nor more than 22.2 C. (72 F.), 
except that tape meeting the adhesion test when tested at a higher 
room temperature shall not be rejected. The relative humidity at 
the temperature tested shall not exceed 80 per cent. 
The mandrel used shall be } in. in diameter with a slot approxi- 
mately 7; in. in width and long enough to accommodate the full 
width of tape, and shall be mounted in a level position in ball bearings 
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of the Fafnir Bearing Co., Catalog No. 36, Serial No. 30, extra small, 
or equivalent ball bearings. The mandrel shall turn freely under a 
weight of 4 oz., suspended from a cotton thread wound in a single 
layer on the center of the mandrel. See Fig. 1 for a suggested form of 
tape tester. 

(b) Oven Test.—After a specimen of tape has been exposed to 
dry air at a temperature of not less than 99 C. (210.2 F.) nor more 
than 101 C. (213.8 F.) for 16 hr., and after a rest period at room 
temperature of not less than 1 nor more than 12 hr., the test specimen 
shall withstand the test prescribed in Paragraph (a), except that the 
weight applied to unwind the tape shall be 3 lb. per inch of width in 
place of 4 lb. per inch of width. 


Fic. 1.—Tester for Adhesion Test of Friction Tape. 

Tackiness 

12. (a) The tape shall show tackiness, that is, ability to stick 
to itself after light contact has been made, in the following combina- 
tions: (1) front to front, (2) back to back, and (3) back to front. 
Two 8-in. specimens shall be cut from each sample roll, care being 
taken not to touch the surface to be tested with the hands or other- 
wise. One specimen shall be placed lightly on a clean horizontal 
surface, then the second placed evenly upon the first. No weight or 
pressure other than the weight of the specimen shall be applied to 
the tapes. The two specimens shall be picked up from one end and 
then stripped slowly from each other starting at the same end. Tacki- 
ness in at least two of the combinations (/), (2) and (3) specified shall 
be such that the point of separation remains approximately in the 
same horizontal plane as the hands that pull the tape apart. In the 
back to back combination the specimens shall show some indication 
of tackiness by the point of separation traveling along the tapes as 
the hands pull the tape apart. 

(b) Each combination specified in Paragraph (a) shall be tested 
three times and if more than one test fails to comply with Para- 
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graph (a), the tape is non-conforming to the combination in question, 
Otherwise, it conforms to the combination. 

(c) New, clean specimens shall be taken for all tackiness tests, 
The temperature of the room and the temperature of the tape shall 
_ be not less than 20 C. (68 F.) nor more than 22.2 C. (72 F.), except 
that.tape meeting the tackiness test when tested at a higher room 
temperature shall not be rejected. The relative humidity at the 
test temperature shall not exceed 80 per cent. 


Dielectric Strength 

13. Each roll selected for purpose of tests shall be tested for 

_ dielectric strength. The breakdown voltage shall be not less than 
1000 v. 


Dielectric Strength Test 

14. The dielectric strength shall be determined by placing a 
specimen approximately 6 in. in length between two flat electrodes 
} in. in width by 4} in. in length. The edges shall be square and the 
ends rounded to }-in. radius cylinders whose axes are parallel to the 
contact faces of the electrode thus giving an area of contact with 
the surfaces of the tape of exactly } in. in width by 4 in. in length. 
Under an electrode pressure of 1 Ib. per sq. in., a 60-cycle alternating 
voltage of practically sine wave form shall be applied at a value not 
exceeding 100 v. and raised at a rate of 100 v. per second until puncture 
occurs. In order to prevent flashover, increased width may be secured 
_ by attaching to each side of the test specimen an added piece of 


- tape, making a }-in. lap seam carefully rolled down. 


Parallelism Test 

15. Each sample roll shall be tested for parallelism of the warp 
threads with the longitudinal axis, as follows: A piece of tape 16 in. 
in length shall be cut from the sample roll and then torn lengthwise, 
assisting the tearing by first slitting one end for about 3 in. with a 
knife. A 2-in. length shall then be cut from each end of one of the 
torn halves and the ends of the remaining 12-in. length folded together 


and compared. The difference between the compared widths shall 
not exceed } in. _ 


DIMENSIONS AND PERMISSIBLE VARIATIONS | 

Dimensions 
16. (a) The tape shall have a nominal thickness of 0.015 in. and 
shall be made in the following widths: 3 in., 1 in., 1} in., and 2 in. 
Each roll shall contain not less than 82} ft. and not more than 85 ft. 
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Permissible Variations 

(b) The thickness shall not vary from that specified by more than 
+().002 in., nor the width by more than = 3; in. 
Measurement of Thickness and Width 

17. The thickness of the tape shall be determined by means of 
a micrometer graduated to 0.001 in. and having a presser foot 0.25 in. 
+ (0.01 in. in diameter, exerting a total force of 9 oz. + 0.1 0z. The 
load shall be applied by means of a weight. Five thickness and five 
width measurements shall be made at random in a length of not less 
than 3 ft. on each sample roll and the maximum, minimum and average 
of these five measurements shall be reported. 


PACKING AND MARKING 

Packing 

18. Each roll shall be wrapped in paraffin paper or its equivalent 
or metal foil and, unless otherwise specified, enclosed in a suitable 
box. ‘The wrapping shall be secure and shall thoroughly protect the 
contents. 
Marking 

19. Each box shall be marked with the name of the manufacturer 
or trade mark, together with the nominal width and length of the tape. 


INSPECTION AND REJECTION 
Time of Inspection 


20. The tape shall be inspected and tested either at the place 
of manufacture before shipment or at the place of delivery within 4 
weeks from date of delivery. 


Storage and Guarantees 

21. The tape shall be stored in the original boxes and preferably 
in a cool, dark location. Tape shall not be stored in close proximity 
to steam pipes, radiators or other sources of heat. ‘The manufacturer 
shall guarantee to replace tape which at any time within 8 months 
after acceptance of the tape, if properly stored, will not meet the cold 
adhesion test specified in Section 11 (a), except that a weight of 3 lb. 
per inch of width of tape shall be substituted for the 4 lb. per inch, 
during unwinding. 

Retests and Rejection 

22. (a) The purchaser reserves the right to reject any part of 
the shipment that does not comply with Sections 18 and 19. 

(b) If the tape fails in any one test of those prescribed in these 
specifications, two additional rolls shall be selected and subjected to 
that test. If either of these two additional rolls fails, the lot repre- 
ented by the test rolls shall be rejected. 

(c) The manufacturer shall replace the rejected tape and shall 
pay freight charges for the return of such material. 
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TENTATIVE SPECIFICATIONS AND TESTS 
FOR 


RUBBER INSULATING TAPE! 
A.S.T.M. Designation: D 119-35 T 
This is a Tentative Standard and under the Regulations of the Society is subject 


to annual revision. Suggestions for revision should be addressed to the Head. 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. — 


IssuED, 1921; REVISED, 1922, 1927, 1928, 1932, 1934, 1935. 
Scope 


1. These specifications cover rubber insulating tape suitable for 
the insulation of joints in electrical wires and cables and for other 
insulating purposes. 


Compound 


2. The tape shall consist of an unvulcanized or partially vulcanized 


_ rubber insulating compound. ‘The compound shall be well, evenly 


and smoothly calendered, cut to the specified widths and tightly 
wound in rolls with a separator between layers. Preferably, the tape 
shall be dark gray in color. 


Separator 


3. The separator shall be parchment paper or glazed sheeting 


_which shall be interposed between adjacent layers and cover the 


outside of the tape. The outside end of the roll shall be securely 
fastened. Upon originally unwinding the roll the separator shall 


_ show no undue tendency to stick to the rubber or to ravel. 


CHEMICAL AND PHYSICAL PROPERTIES 


_ Composition of Rubber Compound 


4. The rubber compound shall contain not less than 30 per cent 
of the best quality crude Hevea rubber, nor more than 0.5 per cent of 
free sulfur to which may be added small percentages of antioxidant, 


7 waxy hydrocarbons and carbon black. ‘The remainder shall consist of 


suitable inorganic mineral fillers. The compound shall contain no 
organic matter other than that specified in this section. The per 
centages shall be based on the weight of the original compound. 


' Under the standardization procedure of the Society, these specifications are under the jurisdic 
tion of the A.S.T.M. Committee D-11 on Rubber Products. 
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Tensile Strength and Elongation 


5. (a) The tensile strength of the tape shall be not less than 
250 lb. per sq. in. 


(b) The elongation of a 2-in. gage length determined simultane- 
ously with the tensile strength test shall be not less than 300 per cent. 


Dielectric Strength 


6. The dielectric epee of the tape shall be not less than 350 v. 
per mil of thickness. 


Fusion and Tackiness 


7. The tape shall meet the fusion and tackiness tests elie in 
Sections 17 and 18. 


DIMENSIONS AND PERMISSIBLE VARIATIONS a 
Dimensions 


8. The tape shall conform to the following nominal dimen- 
sions: 


WIpTH, IN. THICKNESS, IN. “— FT. 
3 0.030 
2 0.030 i 
2 0.030 


* Unless otherwise specified on the order, 3.in. tape shall be supplied in rolls having a nominal 
ength of 30 ft. 


Permissible Variations in Dimensions 


9. The thickness shall not vary from the nominal thickness more 
than + 0.003 in. and the width not more than + 3; in. The length 
of the tape per roll shall be not less than the nominal length, nor the 
average length more than 5 per cent in excess of it. 


PACKING AND MARKING 
Packing 


10. Each roll shall be enclosed in a suitable box. 
Marking 


11. Each box shall be marked with the name of the manufacturer 
t trade mark and the nominal width and length of the tape. 


Sampling 


12. (a) All tape offered for inspection shall be divided into one 


or more lots of approximately equal numbers of rolls in accordance 
with the following table: 
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Rotts OFFERED FOR INSPECTION NuMBER oF Lots 
Up to 250 
251 to 750 
751 to 1500 
1501 to 3000 
3001 to 5000 
Over 5000 5 plus 1 for 
each additional 
1000 rolls 
The lots shall be marked for identification and one sample roll shall 
be taken at random for purpose of tests from each lot and marked to 
correspond with the lot from which it was selected. Unless otherwise 
specified, one specimen from each sample roll shall be tested in accord- 
ance with the specifications. 
(b) At least 2 ft. of tape from each roll shall be removed and dis- 


carded before taking test specimens. 
MEtHops OF TEST 


Chemical Analysis 

13. The chemical analysis of the rubber compound shall be made 
in accordance with the short procedure described in Sections 1 to 14 
of the Standard Methods of Chemical Analysis of Rubber Products 
(A.S.T.M. Designation: D 297) of the American Society for Testing 
Materials.! 


Room Temperature 

14. The temperature of the room in which the tensile strength, 
elongation and fusion tests are made shall be between 68 and 82 F. 
(20 and 28 C.). 


Tensile Strength and Elongation Tests 

15. The tests for tensile strength and elongation shall be per- 
formed in accordance with the Tentative Methods of Tension Testing 
of Vulcanized Rubber (A.S.T.M. Designation: D 412-35 T) of the 
American Society for Testing Materials,’ with the following exceptions: 

(a) The room temperature shall be as specified in Section 14. 

(b) The test specimens shall be cut from a laminated sample, two 
plies thick, carefully rolled together to avoid entrapped air. The 
thickness of the composite specimen shall be used in calculating the 
tensile strength. 

(c) The dumbbell-shaped 34 by 2-in. test specimen shall be used 
and shall be cut with the A.S.T.M. standard die as shown in Figs. 2 
and 3 (Die A) of Tentative Methods D 412, except that the ends of 
the specimen cut from ?-in. tape need van be full width. In placing 


11933 Book of A.S.T.M. Standards, Part II, p. 11300 
2See p. 1159. 
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_A.S.T.M. DESIGNATION: 
the parallel gage marks on the test specimen care shall be taken not 
to cut the stock. 
(d) Three specimens, free from visible defects, from each sample 
roll shall be tested. The average of the three tests shall be reported. 


Dielectric Strength Test 


16. The dielectric strength shall be determined by placing a 
specimen approximately 6 in. in length between two flat electrodes 
lin. in width by 4} in. in length. The edges shall be square and the 
ends rounded to }-in. radius cylinders whose axes are parallel to the 
contact faces of the electrode thus giving an area of contact with 
the surfaces of the tape of exactly } in. in width by 4 in. in length. 
Under an electrode pressure of 1 Ib. per sq. in.,a 60-cycle alternating 
current voltage of practically sine wave form shall be applied at a 


Fic. 1.—Tester for Fusion Test. 


value less than 1000 v. and raised at the rate of 1000 v. per sec. until 
puncture occurs. In order to prevent flashover, increased width may 
be secured by attaching to each side of the test specimen an added 
piece of tape, making a }-in. lap seam carefully rolled down. 
Fusion Test 

17. (a) A specimen 7 in. in length shall be taken from the roll, 
care being taken not to touch the surface to be tested with the hands 
or otherwise and 2 in. of the specimen wound on the mandrel, and then 
a weight of 4 Ib. per inch of width of tape shall be attached to the end 
of the specimen. Should this weight not be sufficient to elongate the 
tape 200 per cent, additional downward force shall be applied by hand 
until the desired elongation has been produced. The tape shall then 
be wound on the mandrel at a uniform rate of 12 in. per min. and 
allowed to stand for 3 min. with the weight attached. It shall 
then be allowed to unwind slowly until the fused turns are reached. 
The mandrel shall revolve not more than two and one-half turns 
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before the fused turns are reached. The tape shall sustain the weight 
for 2 min. without further unwinding or shall break at the point of 
unwinding. 

(6) The mandrel used shall be } in. in diameter and shall be 
mounted in a level position in ball bearings of the Fafnir Bearing Co. 
Catalog No. 36, Serial No. 30, extra small or equivalent ball bearings, 
The mandrel shall turn freely under a weight of } 0z., suspended from 
a cotton thread wound in a single layer on the center of the mandrel. 
See Fig. 1 for a suggested form of tape tester. 

Tackiness Test 

18. A specimen 7 in. in length shall be taken and wound on the 
mandrel in the same manner as described in Section 17. Instead of 
leaving the weight suspended for 3 min. it shall be immediately re- 
moved. ‘The tape shall show no tendency to unwind from the mandrel. 
Measurement of Thickness and Width 

19. The thickness of the tape shall be determined by means of 
a micrometer graduated to 0.001 in. and having a presser foot 0.25 in. 
+ 0.01 in. in diameter, exerting a total force of 9 oz. + 0.1 oz. The 
load shall be applied by means of a weight. Five thickness and five 
width measurements shall be made at random in a length of not 
less than 3 ft. on each sample roll and the maximum, minimum and 
average of these five measurements shall be reported. 


INSPECTION AND REJECTION 
Inspection 


20. The tape shall be tested and inspected either at the place of 
manufacture before shipment or at the place of delivery within 4 weeks 
from date of delivery. 

Storage and Guarantees 

21. The tape shall be stored in the original boxes and preferably 
in a cool, dark location. ‘Tape shall not be stored in close proximity 
to steam pipes, radiators or other sources of heat. Provided the tape 
has been properly stored, the manufacturer shall guarantee to replace, 
without charge, any tape which at any time within 8 months after 
receipt of a shipment will not meet the fusion test specified in Section 
17 or to which the separator becomes unduly attached. 

Retests and Rejections 

22. (a) The purchaser reserves the right to reject any part of 
the shipment that does not comply with Sections 10 and 11. 

(b) If the tape fails in any one test of those prescribed in these 
specifications, two additional rolls shall be selected and subjected to 
that test. If either of these two additional rolls fails, the lot repre- 
sented by the test rolls shall be rejected. 

(c) The manufacturer shall replace the rejected tape and shall 
pay freight charges for the return of such material. -_ 


Be’. to 

2 
Se 

i té 
W 

be, 
a 
I 
] 
( 


TENTATIVE SPECIFICATIONS 
FOR 
INSULATED WIRE AND CABLE: CLASS AO, 30 PER CENT 7 
HEVEA RUBBER COMPOUND! 
A.S.T.M. Designation: D 27-35T 
This is a Tentative Standard and under the Regulations of the Society is subject = 


to annual revision. Suggestions for revision should be addressed to the Head- 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1916; REVISED, 1921, 1928, 1931, 1933, 1934, 1935.2 
Scope 
1. These specifications cover the conductors, insulation, cable 
tape, cotton braid and lead sheaths of Class AO rubber insulated 
wire and cable. The design and factor of safety depend upon the 


service conditions and shall be at the option of the purchaser. 


MANUFACTURE 
Material 


2. The conductor shall be of soft annealed copper, properly tinned, — 
und have the properties and characteristics herein required. 
Strand 

3. Each individual wire of a stranded conductor shall be con- — 
sidered separately and shall be designated as a strand. 
Shape 

4. Each solid conductor and each strand shall be round and 
reasonably free from imperfections. 
Stranding 

5. The stranding shall conform to the requirements of Table I and 
shall be either standard concentric or flexible as specified in the order. 
Density 

6. For the purpose of calculating weights, cross-sections, etc., in 
conductivity determinations, the density of copper shall be taken 
as 8.89 g. per cu. cm. (See Appendix.) 


PERMISSIBLE VARIATIONS IN DIMENSIONS 
Diameter and Area 


7. (a) Permissible Variation When the diameter of solid con- 
ductors and strands is specified, the permissible variation from the 


‘Under the standardization procedure of the Society, these specifications are under the juris- 
diction of the A.S.T.M. Committee D-11 on Rubber Products. 
* Latest revision accepted by Committee E-10 on Standards, September 28, 1935, 
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specified value shall not exceed 1 per cent under or 2 per cent over for 
wire 0.02 in. in diameter and larger, and 0.1 mil under for wire less 
than 0.02 in. in diameter. 

Note.—These limits differ from those in the Standard Specifications for Tinned 
Soft or Annealed Copper Wire for Rubber Insulation (A.S.T.M. Designation: B 33) 
of the American Society for Testing Materials! because of the additional manipulation 
to which the wire is subjected subsequent to the stage where Specifications B 33 apply, 

When the area of cross-section of cables is specified, the per- 
missible variation shall not exceed 1 per cent under the specified value. 

(b) Method of Gaging Diameter.—When wire is submitted in coils, 
each coil shall be gaged in three places, one near each end and one 
approximately at the middle. When wire is submitted on spools or 
reels, approximately 12 ft. of the wire shall be reeled off and the wire 
then gaged in six places between the second foot and the twelfth foot 
from the end. _ 


TABLE I.—STRANDING OF INSULATED CONDUCTORS. © 
(1) For intermediate sizes use stranding for next larger size. 
(2) In assembly column, “37 by 19 rope lay,” signifies 37 strands of 19 wires assembled like a rope. 
(3) Flexible stranded Nos. 16 and 18 A. w.g. shall consist of No. 30 A.w.g. wires bunched and bound with a 
soft cotton wind or other material 
(4) Conductors of No. 0000 and smaller are often made solid and this table of stranding should not be interpreted 
as excluding such practice. 


Flexible Stranding 


Size of Conductors 
Assembly 


37 by 19 rope lay 
37 by rope lay 


2000 000 
1 500 000 
1000 000 
500 000 
300 000 
0000 


7 by 7 rope lay 
Concentric 
Bunched 
Bunched 


* The standard concentric stranding in this table agrees with Table XII of Circular No. $1, ‘‘Copper Wire and 
Cables,” U.S. Bureau of Standards; and also Table II of Standard No. 30 “Wires and Cables” of the American 
Institute of Electrical Engineers. 


(c) Calculation of Area.—The area of cross-section of wire shall 
be calculated from the average of the measurements of the diameter 
made in accordance with Paragraph (b). The area of cross-section 
of cable shall be considered to be the sum of the cross-sectional areas 
of its component wires, when laid out straight and measured per- 
pendicular to their axes. 

(d) Rejection—A coil or reel shall be rejected if the average 
diameter obtained from the measurements made in accordance with 
Paragraph (0), or the area calculated in accordance with Paragraph 
(c), is not within the limits specified in Paragraph (a). 

A coil or reel shall be rejected if any individual measurement of 
diameter or of area of cross-section is not within twice the limits of 
Paragraph (a). 


11933 Book of A.S.T.M. Standards, Part I, p. 777. OS 
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PHYSICAL PROPERTIES AND TESTS 
Tensile Properties 


8. (a) Each solid conductor and each strand previous to strand- 
ing shall be so drawn and annealed that after tinning it shall conform 
to the values in Table II. 

After stranding, the tensile strength of each strand shall not 
exceed that specified in Table II by more than 5 per cent and the 
minimum elongation in 10 in. shall not be less than that specified in 
Table II by more than 5 per cent. 

(b) For nominal diameters between listed sizes the requirements 
shall be those of the next larger sizes indicated in Table II. 

Tension Tests 

9. (a) Method of Test.—Tension tests shall be made on fair 
samples and the elongation shall be determined as the permanent 
increase in length, due to the breaking of the wire in tension, measured — 
between bench marks originally 10 in. apart. The specimen shall break 


between the bench marks and not closer than 1 in. to either mark. 
TABLE II.—TENSILE REQUIREMENTS OF CONDUCTORS. 


Bize of Conductor Maximum Minimum 
Tensile Strength, | Elongation in 10 In., 7 
Diameter, in A.w.g. Number tb te wom 


(6) Number of Tests —Samples shall be taken in accordance with 7 
Section 25. 

(c) Retests and Rejections.—If upon testing a sample from a coil, 
reel or spool of wire, the results are found to be above the stated 
value for tensile strength or below the stated value for elongation, 
tests upon two additional samples will be made and the average of 
the three tests shall determine acceptance or rejection. 

Conductivity 

10. The conductivity of the conductors after tinning shall be not 7 

less than that specified in Table III. 


TABLE REQUIREMENTS. 


ConDUCTIVITY, 
DIAMETER, IN. A.w.G. NUMBER PER CENT 


0.460 to 0.290 
0.289 to 0.103 
0.102 to 0.021 
0.020 to 0.012 
0.011 to 0.003 


Note.—The above values for conductivity conform to the International An- 
nealed Copper Standard. (See Appendix I.) 
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‘Tinning Test 


11. (a) The continuity of the tin coating of each sample before 
stranding or insulating shall be determined by the sodium polysulfide 
test which shall be made in accordance with the requirements of 
Sections 4 to 10, inclusive, of the Standard Specifications for Tinned 
Soft or Annealed Copper Wire for Rubber Insulation (A.S.T.M. Desig- 
nation: B 33) of the American Society for Testing Materials.' 

(b) Number of Tests —Samples shall be taken in accordance with 
Section 25. 

(c) Retests and Rejections.—If the specimens tested in accordance 
with Paragraph (a) shows any signs of blackening, two more specimens 
shall be tested. If one of these two additional specimens shows any 
blackening, that coil or reel shall be rejected. If both specimens are 
free from any signs of blackening, the coil or reel shall be accepted. 
If more than 10 per cent of the samples in the entire order fail, all of 
the wire shall be rejected. If 10 per cent or less of the samples in 
the entire lot fail, each coil, reel or length may be tested and accepted 
or rejected upon the results of the individual tests. 


(B) INSULATION 
Workmanship 


12. (a) Wires and cables ordered under these specifications shall 
be insulated with Class AO rubber compound. Where Class A 
rubber compound is desired, the order shall be placed under the 
Tentative Specifications for Insulated Wire and Cable: Class A, 30 
per cent Hevea Rubber Compound (A.S.T.M. Designation: D 393 - 
34 T),? and where performance rubber compound is desired, under 
the Tentative Specifications for Insulated Wire and Cable: Per- 
formance Rubber Compound (A.S.T.M. Designation: D 353 - 35 T)* 

_ of the American Society for Testing Materials. 

(b) The insulation shall consist of a properly vulcanized rubber 
compound which shall be homogeneous in character, tough, elastic 
and applied concentrically about the conductor and shall fit tightly 

_ thereto. Where the insulation is applied in more than one layer, 
adjacent layers shall be vulcanized into a homogeneous mass. 
. (c) Shielding —Braided cables on ungrounded neutral circuits of 
3501 v. and over shall have shielding over the insulation. 


11933 Book of A.S.T.M. Standards, Part I, p. 777. 
2 Proceedings, Am. Soc. Testing Mats., Vol. 34 Part I, p. 1126 (1934); also 1935 Beaks of A.S.T.M. 


Tentative Standards, p. 1173. 
See p. 1141. 
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The shielding shall consist of a thin tinned copper tape or a braid 
of fine tinned copper wires. 

(d) The insulation of braided wires up to No. 7 A.w.g., inclusive, 
shall be covered with a single cotton braid. In multiple conductor 
cables the individual conductors shall not be braid-covered unless so 
specified. On larger sizes the fibrous covering shall consist of a 
cable tape and a cotton braid or two cotton braids. The cable tape 
shall conform to the requirements specified in Sections 53 to 56, in- 
clusive. The cotton braid shall be applied in accordance with Sec- 
tions 57 to 61, inclusive, and shall be finished in accordance with 
Sections 62 to 67. 

(e) Where repairs or joints are made in the insulation, the work 
shall be done in such manner that the repaired part of the joint, and 
all parts affected in the process, shall be as strong and durable elec- 
trically and mechanically as the remainder of the insulation and shall 
not exceed the limitations on the thickness specified in Section 17. 


MANUFACTURE 
Composition 


13. (a) Class AO rubber compound shall contain exclusively not 
less than 30 per cent nor more than 33 per cent of the best quality 
Hevea rubber which has not previously been used in a rubber com- 
pound, solid waxy hydrocarbons, suitable mineral matter, antioxidants, 
organic accelerators, and sufficient sulfur to properly vulcanize the 
compound. 

(b) The mineral matter shall be dry. 

(c) The waxy hydrocarbons used shall be solid at 54° C. and 
shall be free from saponifiable matter. 

(¢@) Contamination of the compound, such as by the use of 
impregnated tapes, will not excuse the manufacturer from conforming 
to these specifications. 

CHEMICAL PROPERTIES 
Quantitative Requirements 


14, The insulation after vulcanization shall conform on analysis 


to the following requirements expressed as percentages by weight of 
the whole sample: 


Rubber, per cent 
Waxy hydrocarbons, per cent 
Free sulfur, per cent 
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30 PER CENT 33 PER CEN? 
RUBBER* Rusperé 


_ Saponifiable acetone extract, max., per cent 2.20 
_ Unsaponifiable resins, max., per cent d 1.10 
Chloroform extract, max., per cent . 1.00 
Alcoholic potash extract, max., per cent : 0.60 

Total sulfur, max., per cent ; 2.30 


* For percentages between 30 and 33, the limits shall be in proportion to the percentage 
rubber found. 


Qualitative Requirements 

15. (a) The acetone solution shall not fluoresce. 

(b) The hydrocarbons shall be solid, waxy and not darker than 
a light brown. 

(c) The chloroform extract (60 ml.) shall not be darker than a 
straw color. 


PHYSICAL PROPERTIES 
Physical Properties 


16. The insulation shall conform to the following requirements 
as to physical properties: 


Tensile strength, min., lb. per sq. in 

Tensile stress at 200 per cent elongation, min., lb. per sq. in 

Elongation at rupture, min., per cent 

Depreciation in tensile strength and elongation after oxygen bomb test, 
max., per cent 

Depreciation in tensile strength and elongation after Geer oven test, max., 


30 per cent rubber 
33 per cent rubber 


* For percentages between 30 and 33, the specific gravity limits shall be in proportion to the 
percentage of rubber found. 


THICKNESS 
Thickness 


17. (a) ‘The average thickness of the insulation shall be not less 
than 95 per cent of the thickness specified in Table IV for insula- 
tions less than gy in. thick and not less than 90 per cent of the 
specified thickness for insulations of gf in. and over. 

(b) The thicknesses in Table IV apply to single conductor cable 
and the individual conductors of multiple conductor cables, leaded or 
braided, except special applications such as aerial, non-leaded sub- 
marine, and vertical riser cable. 

Note.—In Appendix II will be found an interpretation of the insulation thick- 
nesses given in Table IV. 
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ELECTRICAL PROPERTIES 
High Voltage Test 


18. Each coil, reel, or length of wire or cable, after vulcanization 
shall successfully withstand the application of an alternating voltage 
of not less than that prescribed in Table IV for a period of 5 minutes. 

See Sections 47 and 48.) 


TABLE IV.—THICKNESS OF INSULATION AND ALTERNATING TEST VOLTAGE. 


ove 1.—Rated circuit voltage of alternating-current circuits is the phase-to-phase voltage 
ore 2.—For an intermediate size of wire or an intermediate rated circuit voltage, the > and test voltage 
shall be that for the next larger size or higher rated circuit voltage. 
Nore 3.—For non-leaded submarine cables, 35 in. should be added to the specified respective walls of insulation 7 
in this table for all sizes and voltages. 
Nore 4.—This table applies to wire for use on grounded and ungrounded circuits. 


Size of Conductor, Insulation Thickness on 
Rated Circuit Voltage A. w. g. Numbers or Circular Mils each Conductor, Test Voltage 


sixty-fourths of an inch 
Insulation Resistance 


19. Each coil, reel, or length of wire or cable after being subjected 
to the high voltage test specified in Section 18 shall have an insu- 
lation resistance not less than that given in Table V. 

Moisture Absorption 

20. (a) The increase in the specific inductive capacity of the 


insulation shall be used as an indication of the amount of of moisture ~ 
asborbed. 
P 


No. 18 to No. 16 2 1000 


525 000 to 1 000 000 cir. mils 
Over 1 000 000 cir. mils 


3 
4 
5 
6 
7 
8 
4 
5 
6 
7 
8 
9 
5 
6 
7 
8 


525 000 to 1 000 000 cir. mils 
Over 1 000 000 cir. mils 


No. 1 to No. 0000 

225 000 to 500 000 cir. mils 


525 000 to 1 000 000 cir. mils 
Over 1 000 000 cir. mils 
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(b) The specific inductive capacity after 24-hr. immersion in 

_ water shall not exceed six. The increase between the ends of the 

first and the fourteenth days shall not exceed 20 per cent and that 
between the ends of the seventh and fourteenth days, 5 per cent. 

(c) The specific inductive capacity shall be determined at either 

1000 or 60 cycles. Where measured at 1000 cycles, the voltage 

impressed upon the conductor shall not exceed 10 volts. Where meas- 

ured at 60 cycles, the voltage impressed upon the conductor shall 

be equivalent to a stress of between 30 to 40 volts per mil of insulation. 

(d) The measurements shall be made as described in Section 52. 


TABLE V.—INSULATION RESISTANCE, MEGouMs-1000 FT. aT 60°F. (15.5°C.). 
Nore 1.—This table is based on a constant, K = 21 120 in the following formula: 
R = K logw a where R = resistance in megohms-1000 ft., K = constant. _ 
D = diameter over insulation, on each conductor, and d = diameter over conductor. 
Nore 2.—For an intermediate size, the insulation resistance shall be that of the next larger size. 


Size of Conductor, | Solid | Diameter Insulation Thickness in Sixty-fourths of an Inch 
w.g. Numbers or in 
or Circular Mils | Stranded | Inches 


Solid 
Solid 
Solid 
Solid 
Solid 
Solid 
Stranded 
Stranded 
Stranded 
Stranded 
Stranded 
Stranded 
Stranded 
Stranded 
250 000 cir. mils. .| Stranded 
350 000 cir. mils. .| Stranded 
500 000 cir. mils. .| Stranded 
ils. .| Stranded 
.| Stranded 
.| Stranded 
.| Stranded 
.| Stranded 
Stranded 
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METHODS OF TESTING 
CHEMICAL ANALYSIS 


21. Samples of the vulcanized rubber compound for chemical 
analysis shall be taken after the successful completion of the physical 
and electrical tests, and before applying impregnating compounds 
which may contaminate the rubber. The samples shall be taken at 
the option of the purchaser. The purchaser shall assure himself that 
all samples are free from contamination and change due to torch heat- 
ing. Wherever practicable, samples shall be taken at a distance of 
at least 3 ft. om the end of the wire. 
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Procedure 

22. The insulation shall be analyzed in accordance with (B) 
Complete Procedure as described in the Standard Methods of 
Chemical Analysis of Rubber Products (A.S.T.M. Designation: 
297) of the American Society for Testing Materials." 
Rejection and Retests 


23. The purchaser may make a chemical analysis on any one of 
the samples selected as described in Section 21 to determine if the 
compound conforms to the requirements of Sections 14 and 15. 
Failure of any sample selected to conform to the requirements shall 
be sufficient cause for rejecting the wire which that sample represents, 
except in the case of failure to conform to the requirements for either 
or both free sulfur and chloroform extract. In case of such failure, 
the coil from which the sample was taken shall be rejected and two 
additional samples shall be selected from the remainder of the order. 
The remainder of the order shall be accepted if both samples so selected 
conform to the requirements for free sulfur or chloroform extract. 
The entire order shall be rejected if either sample fails. 


Specific Gravity 


24. The specific gravity shall be determined in accordance with 
Section 27 of the Standard Methods of Chemical Analysis of Rubber 
Products (A.S.T.M. Designation: D 297) of the American Society 
for Testing Materials.! 


TENSILE STRENGTH, SET AND ELONGATION AT RUPTURE 
Sampling for Physical Tests 


25. (a) Wire up to and including 250,000 cir. mils in size shall 
ye sampled in accordance with the following requirements: 
JUANTITY OF WIRE NUMBER OF SAMPLES 


0 ft. and under 
2001 to 10,000 ft 


10,001 to 100,000 ft 5 plus 1 for each 10,000 ft. additional over 10,000 ft. 
1,001 to 500,000 ft 14 plus 1 for each 25,000 ft. over 100,000 ft. 


(b) For wire larger than 250,000 cir. mils, one sample shall be 
elected from quantities between 1000 and 2000 ft. and for larger 
quantities double those specified in Paragraph (a). 


Test Specimen 


26. (a) Size.—The test specimen may be the entire section of the 
insulation in the case of small wires, or, in the case of a large wire or 


1933 Book of A.S.T.M. Standards, Part II, p. 1130. 
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cable, either a segment of a section cut with a sharp knife held tan. 
gentially to the conductor or a shaped specimen cut out with a standard 
die. The test specimen shall be as free as possible from surface 
incisions and imperfections. There shall be no limit to the cross. 
section of the test specimen, except as restricted by the capacity of 
the testing machine. 

Note.—The removal of the rubber insulation can be greatly accelerated and 
in most cases a test specimen which is an entire section can be obtained free from 
surface incisions and imperfections by means of metallic mercury. The mercury 
should be introduced at one end of the sample between the insulation and the tinned 
surface of the conductor, and the sample inclined on a support with the end to 
which the mercury is applied at the top. The separation of the rubber insulation 
results from the amalgamation of the tin of the conductor with the mercury. The 
amalgamation is assisted by first immersing and rubbing the tinning on the exposed 
end of the conductor in the mercury. 


(b) Condition and Age.—Specimens shall not be heated, immersed 
in water or subjected to any mechanical or chemi.4! treatment not 
specifically prescribed in these specifications. ‘~ -cimens for acceler- 
ated aging tests shall be taken from the completed wire after the 
application of the specified covering and shall be aged with all such 
covering removed. No tests shall be made within 24 hours nor later 
than 60 days after vulcanization unless agreed to by the manufacturer. 

(c) Buffing.—In the event of any irregularities on the surface of 
the test specimen, it shall be made smooth and of uniform thickness 
within 5 per cent of the original thickness by buffing, except when 
large strands are used, in which case the rubber sample shall be buffed 
sufficiently to remove all corrugations. 


Calculation of Area 

27. Calculation of the area of the test specimens shall be made as 
follows: 

(a) Where the total cross-section of the insulation is used, the 
area shall be taken as the difference between the area of the circle 
whose diameter is the minimum average outside diameter of the 
insulation and the area of the conductor. The area of a stranded 
conductor shall be calculated from its maximum diameter. 

(b) Where a slice cut from the insulation by a knife held tangent 
to the wire is used, and the slice so cut has the cross-section of a seg- 
ment of a circle, the area shall be calculated as that of the segment 
of a circle whose diameter is that of the insulation. The height of the 
segment is the wall of insulation on the side from which the slice 1s 
taken. (The values may be obtained from a table giving the areas 
of segments of a unit circle for the ratio of the height of the segment 
to the diameter of the circle.) 
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(c) Where the cross-section of the slice is not a segment of a 
circle, the area shall be calculated from a direct measurement of the 
volume or from the specific gravity and the weight of a known length 
of the specimen having a uniform cross-section. 

(d) Where a portion of a sector of a circle has to be taken where 
the conductor is large and the insulation thin, the area shall be calcu- 
lated as the thickness times the width. (This applies either to a 
straight test piece or one stamped out with a die, and assumes that 
corrugations have been removed by buffing.) 

(e) Where a portion of a sector of a circle has to be taken where 
the conductor is large and the insulation thick, the area shall be cal- 
culated as the proportional part of the area of the total cross-section. 
Temperature at Test 


28. Physical tests shall be made at a room temperature not less 
than 65° F. (18.3° C.) nor more than 90° F. (32.2° C.) and the test 
specimen shall have been kept at the room temperature not less than 
30 minutes prior to the test. 

Tension Testing Machine 


29. The tension testing machine shall be power-driven and pre- 
ferably of the pendulum type. The machine shall be accurate within 
1 per cent of the breaking load. A spring balance type of apparatus 
may be used if provided with a device which will indicate the actual 
maximum load at which rupture takes place and if provision is made 
to prevent recoil of the spring. 

Tensile Strength Test Procedure 


30. The tensile strength test shall be made on a specimen which 
has not been previously stretched. The specimen shall have a length 
of not less than 6 in., and shall be marked with gage marks 2 in. 
apart and placed in the jaws of the testing machine with a maximum 
distance between jaws of 4 in. The specimen shall be stretched at 
the rate of 20 in. per minute (jaw speed) until it breaks. ‘The test 
specimen shall break between the gage marks. ‘The tensile strength 
shall be calculated upon the area of the original specimen. 

Tensile Stress Test 

31. The tensile stress test shall be made in conjunction with the 
tensile strength test by recording the load when the 2-in. gage length 
marks are 6 in. apart, that is, at 200 per cent elongation. The tensile 
stress shall be calculated upon the original area of the specimen. 
Elongation at Rupture Test Procedure 
_ 32. The percentage of elongation at rupture shall be determined 
simultaneously with the tensile strength and on the same specimen. 


rd 
of 
ind 
ury 
1ed 
to 
10n 
The 
sed 
ed 
ot 
er- 
he 
ch 
ter 
er. 
of 
en 
ed 
as 
he 
cle 
ed 
nt 
nt 
he 
is : 7 
nt 


1126 TENTATIVE SPECIFICATIONS FOR RUBBER INSULATED Wire 


The elongation at rupture shall be taken as the distance between 
gage marks at rupture less 2 in. (the original gage length of the set 
test specimen). The percentage of elongation at rupture is the 
elongation in inches divided by the original gage length (2 in.) and 
multiplied by 100 to express as a percentage. _ 


Set Test Procedure 


33. The set test shall be made on a separate test specimen having 
a length of not less than 6 in. and marked with gage marks 2 in. apart. 
The specimen shall be placed in the jaws of the testing machine with 
a maximum distance between jaws of 4 in. and shall be stretched at 
the rate of 20 in. per minute (jaw speed) until the gage marks are 
6in. apart. The test specimen shall then be released within 5 seconds 
and the distance between gage marks shall be determined 1 minute 
after the beginning of release. The set is the difference between this 
length and the original 2-in. gage length. _ 
Retests, Physical Properties 

34. Where tested in accordance with a 30, 31, 32 and 33, 
if a specimen fails to conform to any one of the requirements for 
tensile strength, tensile stress, set, or elongation at rupture specified 
in Section 16, two additional specimens shall be taken from the same 
sample and tested, and the average of the results shall determine 
whether the material conforms to the requirements. 


AGING TESTS 
Sampling for Aging Tests 

35. For aging tests the wire shall be sampled as follows: 

No samples shall be selected where the quantity is less than 
2000 ft. of wire or cable. 

For sizes less than 250,000 cir. mils, one sample shall be selected 
for each quantity ordered between 2000 ft. and 50,000 ft. of 
wire or cable and one additional sample for each additional 
50,000 ft. thereafter. 

For sizes 250,000 cir. mils and over, one sample shall be selected 
for each quantity ordered between 2000 ft. and 25,000 ft. of 

_ wire or cable and one additional sample for each additional 
25,000 ft. thereafter. 
Test Specimens 
36. Nine test specimens of similar size and shape shall be pre- 
pared from each sample selected in accordance with Section 35, three 
for the determination of the initial or unaged properties, three for the 
oxygen bomb test and three for the Geer oven test. One specimen of 
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each three shall be tested and the other two held as spares except that 
where only one sample is selected all three specimens shall be tested 


and the average of the results reported. 
Aging Test Conditions 

37. (a) In the case of wire and cable smaller than No. 6 A.w.g. 
with an insulation thickness less than 33; in., the insulation shall be 
heated in the oxygen bomb and in the Geer oven without removing 
the conductor. 

(6) In the case of wire and cable of No. 6 A.w.g. and larger or 
with an insulation thickness greater than ; in., samples approxi- 
mately square in section shall be cut from the insulation with a cross- 
section not greater than 0.025 sq. in. 

(c) Die-cut samples shall be buffed before being subjected to the 
accelerated aging test wherever the thickness of the sample is 3 in. 
or greater after buffing. 

(d) The test specimens shall have no protective covering and 
shall be suspended vertically in such a manner that they will not come 
in contact with each other or with the sides of the bomb or oven. 

(¢) Physical tests on both aged and unaged specimens shall be 
made at the same time. ‘The aged specimens shall have a rest period 
of not less than 16 hr. nor more than 48 hr. between the completion 
of the aging and the determination of the physical properties. 


Oxygen Bomb Test 


38. The test specimens shall be heated in an atmosphere of oxygen 
at a pressure of 300 lb. per sq. in. at a temperature of from 157 to 
159° F. for a period of 96 hours. The weight of the rubber in the bomb 
shall not be over 2 g. per cu. in. of bomb space. The bomb pressure 
shall be reduced at a uniform rate, requiring at least two minutes, 


when specimens are removed. The bomb temperature shall be 
recorded automatically on a chart. 


Geer Oven Test 


39. The test specimens shall be heated at a temperature of from 
157 to 159° F. for a period of 96 hours in an oven having a free 


circulation of fresh air. The oven temperature shall be recorded 
automatically on a chart. 


Retests, Aging 


40. Should the first set of specimens selected under Section 35 
fail to meet the specifications, two other sets of specimens shall be 


tested and if either of these sets fails, the coils, reels or lengths will be 
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41. When ten or more samples are selected in any inspection lot, 
all coils, reels or lengths may be rejected if more than 10 per cent of 
the samples fail. If 10 per cent or less fail, each coil, reel or length 
may be tested and shall be accepted or rejected upon the results of 
such individual tests. Where the number of samples selected in any 
inspection lot is less than ten, all coils, reels or lengths shall be rejected 
if more than 20 per cent of the samples fail. If 20 per cent or less 
fail, each coil, reel or length may be tested and shall be accepted or 
rejected upon the result of such individual tests. 
THICKNESS 
Apparatus 


42. The thickness measurements may be made with any type of 


micrometer reading to 0.001 in., suitable for measurements of this 
character. 


_ Number of Measurements 


43. Where the lot of wire to be inspected consists of two coils or 
_ reels or less, at least one determination of the thickness shall be made 
on each coil or reel. Where the lot consists of more than two coils 
or reels and less than 20 coils or reels, at least one determination of 
the thickness shall be made on each of two coils or reels taken at 
random. If the lot consists of 20 or more coils or reels, not less than 
10 per cent of the coils or reels shall be selected at random and at 
least one determination of the thickness made on each coil or reel so 
selected. 


Procedure 


44. The average thickness of the insulation shall be taken as 
one-half the difference between the mean of the maximum and mini- 
mum diameters measured at any one point and the average diameter 
of the conductor measured at the same point. The minimum thick- 
ness shall be taken as the difference between a measurement made 
over the conductor plus the thinnest wall and the diameter of the 
conductor. (The first measurement is made by “slicing off” the 
heavier side of the insulation.) 

In the case of multiple-conductor cable, the measurements shall 
_ be made on the individual wires before being cabled. 


Rejection 
45. If the thickness of the insulation of any coil or reel is found 


to be less than the specified value, that coil or reel shall be rejected 


and a thickness measurement on each of the remaining coils or reels 
shall be made. 
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ELECTRICAL TESTS 
Place of Testing 


46. Electrical tesfs of wire and cable shall be made at the place 
of manufacture. 


High Voltage Test 

47. The high voltage test shall be made with alternating potential 
from a transformer and generator of ample capacity and in no case 
les than 5 kva. The frequency of the test voltage shall be not 
greater than 100 cycles and shall have a wave shape approximating 
as Closely as possible a sine curve. 


TABLE VI.—TEMPERATURE COEFFICIENTS. 


Temperature 


Temperature Temperature 
Coefficient Coefficient 


Deg. Deg. 
Fahrenheit Centigrade 


7.8 
8.3 
8.9 
9.4 
0.0 
0.6 
1.7 
2.2 
2.8 
3.3 
3.9 
4.4 


1 
1 
1 
1 
1 
1 
1 
1 
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Rate of Application 

48. The initially-applied voltage shall be not greater than the 
rated voltage and the rate of increase shall be approximately uniform 
and not over 100 per cent in 10 seconds nor less than 100 per cent in 
60 seconds. 


High Voltage Testing 
49. (a) General.—Where insulated conductors are subjected to 
high voltage test in water they shall be immersed in a grounded 
iter bath and tested while still immersed. 

(b) Single Conductor.—Single conductors shall be tested after 
12-hr. immersion and without covering except a tape or braid applied 
fore vulcanization. 

Rubber sheathed conductors shall be immersed and tested after 

¢ sheath is applied. 

Where a metallic sheath is applied, the conductors shall be 

tested against the sheath. 
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(c) Multiple Conductor.—The individual conductors of multiple 
conductor cables shall be tested before assembling as prescribed in 
Paragraph (0). 

After assembly each conductor shall be tested against the adjacent 
conductors. Where a metallic sheath is applied each conductor shall 
in addition be tested against the sheath. 

Cables having a rubber or other non-metallic waterproof sheath 
shall be immersed for 12 hr. and the conductors tested against ground. 
Cables covered with cable tape and braid or double braid with a 
weather-resistant finish shall not be immersed for testing. 


Application of Voltage 

50. (a) Single-Conductor Cables.—Single-conductor cables shall 
be tested between conductor and sheath or water in which they are 
immersed. 

(b) Multiple-Conductor Cables.—If a multiple-conductor cable is 
rated at the same operating voltage between conductor and sheath or 
water as between conductors, each conductor shall be tested against 
the other conductors in the cable and against the sheath or water, 
at the test voltage prescribed for that rated voltage. If a cable is 
rated at a voltage between conductors and ground different from that 
between conductors, the test between conductors shall be made at 
the test voltage prescribed for the rated voltage between conductors 
and the test between each conductor and sheath or water, shall be 
made at the test voltage prescribed for the rated voltage between 
conductors and sheath or water. 

The several tests may be made by any arrangement of testing 
transformers suitable for the prescribed tests, such as one or more 
transformers supplied from a single-phase source or three transformers 
connected in star and supplied from a three-phase source. 


Insulation Resistance 

51. (a) The insulation resistance shall be measured after the 
high-voltage test has been made and while the wire or cable is still 
immersed in water. The measurement shall be made after one- 
minute electrification with a continuous e.m.f. of from 100 to 500 
volts, the conductor being maintained negative to the water. The 
temperature of the water shall be within the limits given in Table VI. 


Temperature Coefficient 

(6) If the temperature at which the insulation resistance was 
measured differs from 60° F. (15.5° C.), the resistance shall be reduced 
to that at 60° F. (15.5° C.) by multiplying the measured value by 
the coefficient in Table VI corresponding to the temperature at which 
the measurement was made. 


Mois 


selec 
10 f 
of 1 
leak 
shal 
shal 


(24 


dete 
foll 


whe 


. ‘ 
* 
an 
= 
= 
| 
DY 
Ma 
in 
nes 
Ap 
vu 
‘on 
of 
: 
ae Br 
= 


_ AS.T.M. Desicnation: D 27-35 T 

Moisture Absorption Test 

52. (a) A 15-ft. sample with all the coverings removed shall be 
selected at random from the wire offered for inspection. ‘The middle 
10 ft. of the sample shall be immersed in distilled water for a period 
of 14 days with the 23-ft. portion at each end kept above the water as 
leakage insulation. ‘The three measurements specified in Section 20 
shall be taken with the water at the same temperature. The water 
shall be maintained at room temperature, but not less than 70 F. 
21 C.). 

(b) The specific inductive capacity of the insulation shall be 


determined at commercial frequencies and shall be calculated as 
follows: 


D 
Specific inductive capacity = 13,600 C logio — 


D = the diameter over insulation; and 


where C = the capacity in microfarads of 10 ft. of sample; 
d = the diameter over conductor. 


The moisture absorption test shall be made only when | requested 
by the purchaser. 


(C) CABLE TAPE 
Material 


53. Cable tape shall be made from cotton cloth having a weight 
of not less than 1 Ib. per 4 yd. with a width of 36 in. and not less 
than 56 by 60 picks per inch, and shall be frictioned on both sides 

nd thoroughly filled with a rubber compound. ‘The nominal thick- 
ss shall be 0.012 in. and not less than 0.011 in. 
Application 


54. The tape shall be applied helically and may be applied before 
vulcanization. ‘The maximum width and minimum overlap shall 
conform to the values in Table VII. 


Intermediate Diameters 


55. For intermediate diameters the requirements shall be those 
of the next smaller diameter indicated in Table VII. 


Number of Tests 
56. Samples shall be taken at the option of the purchaser. 
(D) COTTON BRAID 


Braids 


57. (a) Two types of cotton braid are covered in these specifica- 
tions, namely, standard braid and heavy braid, as follows: 
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Standard Braid is designed for indoor service and installation 
in conduits. 
Heavy Braid is designed for outdoor and rough service. 
(b) Unless otherwise specified, standard braid shall be be supplied 
under these specifications. 


whe 


Material 
58. Cotton braid shall be closely woven from cotton thread 
having not less than two plies. 


TaBLe VII.—WipTtH AND OVERLAP OF RUBBER-FILLED CABLE TAPE. 
Maximum WI1ptH Minimum 
DIAMETER OVER oF TAPE, OVERLap, 
INSULATION, IN. IN, 


4 
i 
i 
i 
i 
} 
¥6 
¥6 


TaBLeE VIII.—TANGENT OF ANGLE OF BRAID. 


VALUE OF CORRESPONDING 
DIAMETER UNDER BRAID, IN TANGENT BRAID ANGLE, DEG 


35 


Construction 

59. (a) The braid shall be so constructed that the tangent of the 
angle between the cotton thread and the side of the wire shall be not 
less than that specified in Table VIII. 

(b) The thickness of standard braid shall be not less than that 
specified in Table IX and that of heavy braid not less than that 
specified in Table X. 

(c) The number of carriers and the number of ends per carrier 
used in applying the braid shall be optional providing all other limita- 
tions of Sections 58 and 59 are met. However, the picks per inch 
shall be not less than the value as calculated by the following formula: 


| 
| 
= 
— 
: 
2.00... 
| | 


. DESIGNATION: 


tE+M 27 (D + T) 


where P = the picks per inch; 
= the thickness of braid, in inches; T 


0.0279 K 
VS 
2 ply = 1.60 


cabling factor for plied yarn; values of K are: { 3 ply = - 
4 ply = 2.36 


the thickness of one end of cotton, in inches; ¢ = 


= the cotton ply, size or number; 
E = the number of ends per carrier; : 


CORRESPONDING 
a MINIMUM THICKNESS MINIMUM SIZE AND 
DIAMETER UNDER BRAID, IN, OF BRAID, IN. Py oF CoTTON YARN 


0 to 0.200 , 30/2 
0.201 to 0.350 26/2 
0.351 to 0.800 : 20/2 
0.801 to 1.500 12/2 
1.501 to 3.000 8/2 


TABLE X.—MINIMUM THICKNESS OF HEAvy BRAID. 


CORRESPONDING 
Le MINIMUM THICKNESS MINIMUM SIZE AND © 
DIAMETER UNDER BRAID, IN. OF BRAID, IN. Piy of CoTTON YARN 


0 to 0.200 ; 20/2 
0.201 to 0.300 .022: 16/2 
0.301 to 0.600 12/2 
0.601 to 1.000 8/2 
1.001 to 1.500 j 6/2 
1.501 to 2.000 F 4/2 
2.001 to 3.000 . 4/3 


C = the number of carriers; 
D = the diameter under braid, in inches; — 
M = the space between each set of carrier threads, in inches; 
M = X (0.011 + 7.0 #E*) 
DIAMETER UNDER 
BRAID, IN. 
X = the closeness constant { Valuesof X: ,, 
0.501 and over 
For convenience in calculating the more usual braid constructions, 


the formula for picks may be reduced to: = 
Z 
/ ¥ (D+T) where Y GE + andZ = 
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Values of Y for some of the most commonly used cottons are: 


Values of Y 


Thickness of Braid, T For yy Under For Diameters 0.501 in. and Over 


4 End | 5 End | 6 End | 7 End 


Values of Z for the standard braiders are: 


NuMser oF CARRIERS 


(d) For braid over twin wires use 1.64 times the conductor 
diameter to determine the proper braid. 

(e) Where two braids are specified, the outer braid shall be 
determined by the diameter over the inner braid. Where the diameter 
change-over limit is such that Table IX or Table X and this section 
require different sizes of yarn on the inner and outer braids, both 
braids may be of the size of yarn as required on the outer braid. 

(f{) Where two braids are applied in one operation, these specifi- 
cations shall apply to the inner and outer braids except that picks per 
inch and angle of braid for inner braid shall be governed by the 
construction of the machine. 

(g) These specifications do not apply to braids for fixture wire 
or to fancy or special braids. 

(h) In Table XI are tabulated the required picks per inch as 
calculated by the formula in Paragraph (c) and the corresponding 
braid angle for braids applied with the minimum size and ply of 
cotton, and a definite number of ends per carrier. However, it is not 
the intent of these specifications to limit the braids to the scope of 
Table XI since heavier cottons or a variation in ends per carrier are 


permissible providing all requirements of Sections 58 and 59 are 
fulfilled. 


Ss 


0. 
0 
0 
0 
0 
0 
0 
0 
0. 
0 
0. 
0 
0 
0 
0 
1 
1 
1 


sssssss 


Size 
4 Yarn 
| 
2 End |3 End|4End| 5 End|2End|3 End | 8 | 
30/2 | 0.0163.................{ 1081} 592] 358] 233]....|....|.... 
416 | 241 151 878 | 259 
339 193 118 738 | 365 207 
302 168 103 664 324 180 
257 142 85 582 276 152 92 59 40 28 
| 497 231 125 74 48 32 22 
VALUES oF Z 
0.11) 
| . C.12¢ 
0.151 
0.176 
).201 
0.221 
).30 
45 
60 
60 
1.00 
129 
1.50 
2.0 
Wi 
r 


4... 
_A.S.T.M. Drsicnation: D 27 - 35 T 


Measurements 
60. The various quantities shall be determined as follows: 
Diameter Under Braid, by a suitable micrometer reading. 
Number of Carriers and Ends per Carrier, by examination of braid. 


TABLE XI.—BRAID. 


16- 20- 24- 36- 48- 
r Carrier | Carrier | Carrier | Carrier | Carrier 
: Braiders | Braiders | Braiders | Braiders | Braiders 
y 


Diameter Under Braid, 
in. 


Braid Angle, 
Braid Angle, 


Braid Angle, 
deg. 


Braid Angle, 
deg. 

per inch 
Picks 

per inch 
Braid Angle, 
per inch 
deg. 

Picks 

per inch 


deg 
Picks 


& 


ssssssssss 


Swwoocoecco 


Sz 


>: 


—— 


S 


0 
0 
0 
0. 
0 
0 
0 
0 
0 
0 
0 
0. 
0. 
0 
0 
1 
1 
1 
2 


om. 


Heavy Braip 


6/52. 
-6/56. 
-6/58. 


1.251 to 0.300 
0.301 to 0.350 


401 to 0.450 
451 to 0.500...... 


: 


ii: 


eo 


<1" 
: 
Saw ::: 


2sssssss 


Picks per Inch, on a 4-in. sample after wiping off outside of braid 


with chloroform. 
Angle of Braid by formula: Tangent of Angle = as 2 +7) 


Thickness of Braid (2 X diameter of single end of cotton), by ’ 
measuring 25 per cent of the total number of threads with a paper 


‘ 
1135 
i, 
— 
{i 
End 
or of |Braid,| Avg. : 
Y arn, mum,| T), 4 
Mini- in. in. | 
28 mum £8 
22 
16 Sranparp 
10.7|59.8] 9.21480 
11 2165.7|10 3156.6 
11.6170 2111 0163.2 
: 6.8/64 6] 6.1155.0 
7.1172.2| 6.9166.2 
be —| 
er 
on 0.001 to 0.110..........| 20/2 
0.111 to 0.125..........] 20/2 
th 0.126 to 0.150..........| 20/2 
0.151 to. 0.175..........] 20/2 
0.176 to. 0.200..........| 20/2 
12/2 
1.001 to 1.200..........] 6/2 1.137 
1.201 to 1.500..........) 6/2 17.2|77.7|16.8|71.8 
1.501 t02.000..........] 4/2 11.795 8.6171.3] 8.11623 
aS 2.001 to 473 2-856 6.6|72.8] 6.3/64.5 
of 
ot 
of 
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micrometer having a foot 0.4 in. in diameter under a weight of 50 g. 
The sample of braid on which the average diameter is determined 
shall be prepared by immersing a 2-in. length of sample in chloroform 
in a suitable container for 5 minutes, decanting and repeating for 
1 minute, and removing and drying it thoroughly by pressing it be- 
tween cheese cloth. 


Number of Tests 
61. Samples shall be taken at the option of the purchaser. 
(Z) FINISH 
Finish 
62. The braid shall be completely saturated and finished with a black 
-moisture-resistant compound. ‘The surface of the wire shall be smooth 
and free from tackiness. ‘The finish shall be } eae of meeting the tests 
described in Sections 63 to 67, inclusive. OS 


Bend Test 
63. (a) Sample.—Each sample for the bend test shall be wrapped as 
SS in Paragraph (6) around a mandrel of the diameter given in the 


following table: ; 
RATIO OF MANDREL 


DIAMETER T0 
Size oF WIRE or CABLE, Diameter 
A.w.G. NUMBERS OR CIRCULAR MILS OF WIRE OR CABLE 
No. 14 to No. 12 
No. 10 to No. 8 


_ 550 000 to 1 000 000 cir. mils 
1 250 000 to 2 000 000 cir. mils 
(b) Test Procedure-—The samples shall be held at a temperature of | 
32 F. (0 C.) for approximately 1 hr. before bending, and upon removal | 
from the cooling chamber shall be wrapped upon the mandrel at an approx- 
imately uniform rate not greater than 12 turns per minute. Single con- 
ductor No. 2 A.w.g. and smaller shall be wrapped three times around the 
mandrel; when requested single conductor wires larger than No. 2 A.w. 
and any multiple conductor shall be wrapped once around the mandrel. 
(c) Flaking and Cracking.—The finishing material shall not flake oft 
_ the wire or cable during the bend test or as a result of the bend test with- 
out actually rubbing the surface of the wire. Cracking of the finish wil 
not be cause for rejection. 


Melt Test 


64. A piece of clean white glazed paper shall be wrapped around 4 
_6-in. sample of finished wire or cable and this shall be suspended hot: 
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1137 
wntally in an electrically heated oven, equipped with suitable automatic 
temperature control, which has been heated to 125 F. (52 C.) and the 
“ire or cable shall be maintained at this temperature for 30 min. The 
vire or cable with the paper wrapping shall be cooled before inspection. 
The wire shall be rejected if the compound becomes sufficiently fluid to be 
transferred to the paper or form a ridge perceptible to the finger upon it. 


Drip Test 

65. Samples for the drip test shall be cut in lengths of 6 in. and the 
wire bared for a distance of ? in. from each end. ‘The sample with one end 
secured in a suitable clamp shall then be suspended at an angle of 45 deg. 
in an electrically heated oven, equipped with suitable automatic tempera- 
ture control, which has been heated to 180 F. (82.2 C.) and the wire or 


cable shall be maintained at this temperature for 1 hr. At the end of this 


time the compound shall not have dripped, flowed onto the surface of the 
lower bared end of the conductor, formed globules on the lower side of 
the sample or bubbles upon its surface. 18) 


Moisture Absorption Test 
66. (a2) The moisture absorption shall not exceed 15 per cent when 
letermined in accordance with Paragraphs (b) and (c). 
(b) Sample.—A sample of finished wire, 24 in. in length, shall be bent 
round a mandrel, the diameter of which shall be determined from the 
er-all diameter of the wire, as follows: 


S$1zE oF WIRE OR CABLE, 


A.w.G. NUMBERS OR CIRCULAR MILS DIAMETER OF MANDREL BEND, DEG. 
13 times diameter of wire 360 
2} times diameter of wire 360 
No. 6to No. 2................-. 3. times diameter of wire 360 
No. 1 to No. 0000................ 4} times diameter of wire 180 
250000 to 500000 cir. mils........ 6 times diameter of wire 180 
550 000 to 1 000 000 cir. mils........ 9 times diameter of wire 180 

1 250 000 to 2 000 000 cir. mils........ 10 times diameter of wire 180 


As many turns as possible of sizes No. 2 A.w.g. and smaller shall be 
made about the mandrel, leaving the free ends of such length as to permit 
2in. of each end to be exposed when the samples are subsequently immersed. 
Sizes larger than No. 2 shall be bent in the form of a “‘U” about the mandrel 
specified. 

(c) Test Procedure—The flexed samples shall be removed from the 
mandrel and exposed in free air at room temperature for at least 48 hr. and 
then carefully weighed. This weight shall be recorded as W. The flexed 
samples shall then be immersed in distilled water at room temperature in 
such a manner that the flexed portion of the sample is completely covered 
with water and the free ends projecting not more than 2 in. above the 
surface of the water. The samples shall be allowed to remain immersed 

P I-73 
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for a period of 72 hr. at room temperature. At the end of the immersion 
period the samples shall be removed, rinsed in pure alcohol for not over 
5 sec., and allowed to dry in air for not over 5 min., to allow surface water 
to evaporate. Sizes No. 1 A.w.g. and larger may be dried by wiping with 
a dry cloth. The samples shall then be immediately weighed. This 
weight should be recorded as W;. After weighing, all coverings shall be 
removed from the insulation and the conductor and insulation weighed. 
This weight shall be recorded as We. 

(c) Calculation of Results—The moisture absorbed in terms of per- 
centage by weight of fibrous coverings shall be calculated by the following 


formula: 
00 —W 
Percentage Moisture Absorption = 
2 
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Saturating and Finishing Compounds 
67. The saturating and finishing compounds shall have no injurious 
effect upon the rubber insulation or the coverings during application. 


TABLE XII.—THICKNESS OF LEAD SHEATHS. 


THICKNESS OF SHEATH IN 
Diameter oF Corg, IN.* SIXTY-FOURTHS OF AN INCH 


Over 3.000 


© For twin cables, use the major axis. 


Composition 


68. (a) Lead sheaths shall consist of Grade If Chemical Lead or 
Grade III Common Lead not less than:99.85 per cent pure as specified 
in the Standard Specifications for Pig Lead (A.S.T.M. Designation: 
B 29) of the American Society for Testing Materials.! It shall be 
obtained from properly branded pig lead. 

(b) Lead sheaths shall be tightly formed around the core of the 
wire or cable. 


Thickness 
69. Lead sheaths shall have an average thickness not less than 
that indicated in Table XII and the minimum thickness shall in no 
_ place be less than 90 per cent of the required average thickness. 


* 1935 Supplement to Book of A.S.T.M. Standards, p. 26. 


ver 
[ 
p 
n 
b 
1 
a 
2.001 to 3.000... 
p 
| re 
| fr 
“| 0! 
ti 
al 
‘6 
> 


A.S.T.M. DEsIGNATION: D 


sion Measurement 
ver 70. A short section of the lead sheath shall be removed from the 
ater wire or cable and the thickness measured with a suitable micrometer 
with caliper at not less than ten points, approximately equally spaced, 
This care being taken to include the thinnest and the thickest parts. 
a (G) INSPECTION AND REJECTION 

Inspection and Test 
per- 71. (a) Inspection shall be made prior to shipment and at the | 
ving place of manufacture. 


(6) The manufacturer shall notify the purchaser sufficiently in 
advance of the completion of the wire or cable to permit of arrange- 
ment of inspection. 

(c) The inspector representing the purchaser shall have free 

rlous entry at all times, while work on the contract of the purchaser is 
being performed, to all parts of the manufacturer’s works which con- 

cern the manufacture of the wire ordered, except compounding room. 

The manufacturer shall afford the inspector, without charge, all reason- 

» able facilities to satisfy him that the wire is being furnished in accord- 
ance with these specifications. 

(d) The purchaser at his option may make the various tests on — 
samples in his own laboratory or elsewhere, but such tests shall be 
made at the expense of the purchaser. a 


Rejection 
72. Each coil, reel or length which fails to comply with the 
physical and electrical requirements of these specifications shall be 7 


rejected. 
Rehearing 


oe 73. Samples of rejected material shall be preserved for two weeks 
ail from date of test report. In case of dissatisfaction with the results 
=: of test, the manufacturer may make claim for a rehearing within that 
«a time. Sealed duplicate samples may be retained by the manufacturer 


at his option. 


the 
APPENDIX I 
- ANNEALED COPPER STANDARD! 


ue The following shall be taken as normal values for standard — 
annealed copper: 
(a) Resistance—At a temperature of 20° C. the resistance of a 


' Extracts from American Institute of Electrical Engineers’ Standard No. 30 (1932). 


139 
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wire of standard annealed copper 1 meter in length and of a uniform 
section of 1 sq. mm. is x ohm = 0.017241 ohm. 

(b) Density.—At a temperature of 20° C. the density of standard 
annealed copper is 8.89 g. per cu. cm. 

(c) Temperature Coefficient of Resistance.—At a temperature of 
20° C. the “constant mass” temperature coefficient of resistance of 
standard annealed copper, measured between two potential points 
rigidly fixed to the wire, is 0.00393 = 1/254.45 per degree Centigrade. 

(d) Other values of resistivity of standard annealed copper at 
20° C. deduced from Paragraphs (a) and (b) are as follows: 

Resistance of a wire of uniform section, 1 meter long and 

weighing 1 g. = 0.15328 ohm. 

Resistance of a wire with a uniform section of 1 cir. mil and 

1 ft. long = 10.371 ohm. 
Resistance between opposite faces of 1 cu.cm. = 1.7241 microhm. 
Resistance between opposite faces of 1 cu. in. = 0.67879 microhm. 


INTERPRETATION OF INSULATION THICKNESSES OF TABLE IV 


For series-street-lighting cable, use the following procedure: 


(a) If the transformer is not equipped with protectors, use the open cir- 
cuit secondary voltage of the transformer as rated voltage of the cable and 
select the proper wall thickness from Table IV. 

(b) If the transformer is equipped with protectors, use the closed or loaded 
secondary voltage of the transformer as the rated circuit voltage of the cable 
and select the proper wall thickness from Table IV. 


Note.—It is preferable, both in Paragraphs (a) and (6) above, to select 
a cable with a higher voltage rating than obtained using the above procedure, 
both as a measure of safety and to allow the substitution of a larger trans- 
former without necessitating the replacement of the cable. 


The thickness of insulation for the various systems shall be determined as 
follows: 


(a) For three-phase systems with grounded or ungrounded neutral, use 
thickness values in accordance with Table IV. 

(b) For single or two-phase systems up to and including 5000 v., use 
thickness values in accordance with Table IV. 
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TENTATIVE SPECIF ICATIONS 
FOR 


_ INSULATED WIRE AND CABLE: PERFORMANCE 


RUBBER COMPOUND! 
A.S.T.M. Designation: D 353-35 T 
This is a Tentative Standard and under the Regulations of the Society is subject | 


to annual revision. Suggestions for revision should be addressed to the Head- ; 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


IssUED, 1932; REVISED, 1933, 1934, 1935.2 


Scope 


1. (a) These specifications cover wire and cable insulated with a 
vulcanized rubber compound. The suitability of the compound as 
insulation shall be determined solely by physical and electrical tests. 
The compound shall be called performance rubber compound. 

(b) Except for the rubber insulation and methods of testing, 


wire and cable supplied under these specifications shall conform to 
the Tentative Specifications for Insulated Wire and Cable: Class AO, 
30 per cent Hevea Rubber Compound (A.S.T.M. Designation: D 27 - 
35 T) of the American Society for Testing Materials.* 


INSULATION 

Workmanship 

2. (a) The insulation shall be homogeneous in character, tough, 
elastic and applied concentrically about the conductor and shall fit 
tightly thereto. Where the insulation is applied in more than one 
layer adjacent layers shall be vulcanized into a homogeneous mass. 

(b) The insulation of braided wires up to No. 7 A. w. g., inclusive, 
shall be covered with a single cotton braid. On larger sizes the fibrous 
covering shall consist of a cable tape and cotton braid or two cotton 
braids. The cable tape may be applied before vulcanization. In 
multiple conductor cables the individual conductors shall not be 
braid-covered unless specified. 

(c) Where repairs or joints are made in the insulation, the work 
shall be done in such manner that the repaired part of the joint, and 


‘Under the standardization procedure of the Society, these specifications are under the juris- 
diction of the A.S.T.M. Committee D-11 on Rubber Products. 


— revision accepted by Committee E-10 on Standards, September 28, 1935. 
ep. 1115. 


(1141) 
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all parts affected in the process, shall be as strong and durable elec- 
trically and mechanically as the remainder of the insulation and shall 
not exceed the limitations on the thickness specified in Section 5. 


MANUFACTURE q 
Composition 


3. The insulation shall consist of a properly vulcanized rubber 
compound that will meet the tests hereinafter specified 


PHYSICAL PROPERTIES 
Physical Properties 


4. The insulation shall conform to the following requirements as 
to physical properties: 
MaxXIMUM MINimum 
Tensile strength, lb. per sq. in* 1200 
Tensile stress at 200 per cent elongation, lb. per sq. in “s — 300 
Elongation at rupture, per cent 
Set in 2-in. gage length, in 
Depreciation in tensile strength and elongation after oxygen 
bomb test, per cent 


Depreciation in tensile strength and elongation after Geer 
oven test, per cent 


THICKNESS 


5. (a) The average thickness of the lasaletion shall be not less 
eli: that given in Table I. ‘The minimum thickness shall be not 
less than 95 per cent of the specified thickness for insulations less than 
éz in. and not less than 90 per cent of the specified thickness for 
insulations of ¢; in. and over. 

(b) The thicknesses in Table I apply to single conductor cable and 
the individual conductors of multiple conductor cables, leaded or 
braided, except special applications such as aerial, non-leaded sub- 
marine, and vertical riser cable. 


Note.—In Appendix I will be found an interpretation of ti the insulation thick- 
nesses given in Table I. - 


ELECTRICAL PROPERTIES 
High Voltage Test 


6. Each coil, reel, or length of wire or cable after vulcanization 
shall successfully withstand the application of an alternating voltage 
of not less than that prescribed in Table I for a period of 5 minutes. 
(See Sections 30 and 31.) 
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Insulation Resistance 


7. Each coil, reel, or length of wire or cable after being subjected 
to the high voltage test specified i in Section 6 shall have an insulation 
resistance not less than that given in Table II. 


TABLE I—THICKNESS OF INSULATION AND ALTERNATING TEST VOLTAGE. 


Nore 1.—Rated circuit voltage of alternating-current circuits is the phase-to-phase voltage. 

Nore 2.—For an intermediate size of wire or an intermediate rated circuit voltage, the thickness and test voltage 
shall be that for the next larger size or higher rated circuit voltage 

Nore 3.—For non-leaded submarine cables, Pr ii in. should ~y added to the specified respective walls of insulation 
in this table for all sizes and voltages. 

Nore 4.—This table applies to wire for use on grounded and ungrounded circuits. 


Size of Conductor, Insulation Thickness on 
Rated Circuit Voltage A. w. g. Numbers or Circular Mils each Conductor, Test Voltage 


sixty-fourths of an inch 


2 1000 


525 000 to 1 000 000 cir. mils 
Over 1 000 000 cir. mils 


SIS 


000 
000 
000 
000 
000 
000 
500 
000 
000 
000 
000 
500 
000 


525 000 to 1 000 000 cir. mils 
Over 1 000 000 cir. mils 


2 


. 0000 
225 000 to 500 000 cir. mils.. 
525 000 to 1 000 000 cir. mils 
Over 1 000 000 cir. mils 


No.7 


525 000 to 1 000 000 cir. mils 
Over 1 000 000 cir. mils 


Moisture Absorption. 


8. (a) The increase in the inductive of 
insulation shall be used as an indication of the amount of moisture 


absorbed. 


| 
| 
0. 1 to No. eee 
525 000 to 1 000 000 cir. mils.......... 
Over 1 000 000 cir. mils............... 
NO, 7 00 NO, 
SS 2001 to 3000 oseuccoes 4 10 000 : 
ot 11 000 
or No. 14 to N 11 009 
0. 7 to No 
2001 to 4000... No. 1 to No. 11 000 
Par a 225 000 to 500 000 cir. mils............ 10 H 12 500 - 
d 525 000 to 1 000 000 cir. mils.......... 10 : 12 500 
Over 1 000 000 cir. mils............... 13 500 
No 10 
4001 to 5000......... | Ne il 13 500 
12 15 000 
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(b) The specific inductive capacity after 24-hr. immersion in 
water shall not exceed six. The increase between the ends of the first 
and the fourteenth days shall not exceed 20 per cent and that between 
the ends of the seventh and fourteenth days, 5 per cent. 
(c) The specific inductive capacity shall be determined at either 
1000 or 60 cycles. Where measured at 1000 cycles, the voltage im- 
pressed upon the conductor shall not exceed 10 volts. Where measured 
at 60 cycles, the voltage impressed upon the conductor shall be 
equivalent to a stress of between 30 to 40 volts per mil of insulation. 
(d) The measurements shall be made as described in Section 35. 


METHODS OF TESTING 
TENSILE STRENGTH, SET, AND ELONGATION AT RUPTURE 
- Sampling for Physical Tests 


9. (a) Wire up to and including 250,000 cir. mils in size shall 
_ be sampled in accordance with the following requirements: 


NuMBER OF SAMPLES 


1 for each 2000 ft. or fraction thereof 
10,001 to 100,000 ft........... 5 plus 1 for each 10,000 ft. additional over 10,000 ft. 
14 plus for each 25,000 ft. over 100,000 ft. 


(6) For wire larger than 250,000 cir. mils, one sample shall be 
selected from quantities between 1000 and 2000 ft. and for larger 
quantities double those specified in Paragraph (a). 


Test Specimens 

10. (a) Size-—For the physical tests, the test specimen may be 
_ the entire cross-section of the insulation in the case of small wires, 
or, in the case of a large wire or cable, either a segment or sector cut 
with a sharp knife held tangentially to the conductor or a shaped 
specimen cut out with a standard die. - The test specimen shall be as 
free as possible from surface incisions and imperfections. There shall 
be no limit to the cross-section of the test specimen, except as re- 
stricted by the capacity of the testing machine. 


Note.—The removal of the rubber insulation can be greatly accelerated and 
in most cases a test specimen which is an entire cross-section can be obtained free 
from surface incisions and imperfections by means of metallic mercury. The 
_ mercury should be introduced at one end of the sample between the insulation and 
the tinned surface of the conductor, and the sample inclined on a support with the 
— end to which the mercury is applied at the top. The separation of the rubber 

insulation results from the amalgamation of the tin of the conductor with the met- 
cury. The amalgamation is assisted by first immersing and rubbing the tinning 
on the exposed end of the conductor in the mercury. 
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(b) Condition and Age.—Specimens shall not be heated, immersed _ 
in water or subjected to any mechanical or chemical treatment not — 
specifically prescribed in these specifications. 

Specimens for accelerated aging tests shall be taken from the com- 
pleted wire after the application of the specified covering and shall be 
aged with all such covering removed. 


TaBLE II.—INSULATION RESISTANCE, MEGOHMs-1000 Ft. AT 60° F. (15.5° C.). 


Nore 1.—This table is based on a constant, K = 21 120 in the following formula: 
R=K loge: where R = resistance in megohms-1000 ft., K = constant, 


D = diameter over insulation, on each conductor, and d = diameter over conductor. 
Nore 2.—For an intermediate size, the insulation resistance shall be that of the next larger size. 


Size of Conductor, | Solid | Diameter Insulation Thickness in Sixty-fourths of an Inch 
A. w. g. Numbers or in 
or Circular Mils | Stranded | Inches 
2 3 4 5 6 7 8 4 10 12 
Solid 0.040 | 8600 | 11 100 
Solid 0.064 8 300} 9 900! 11 300) 12 550) 13 650) 14 600) 15 450) 16 250) 17 650 
Solid 0.081 7050) 8550) 9 850) 11 000) 12 000) 12 900) 13 750) 14 500) 15 850 _ 
Solid 0.102 6000} 7350) 8500) 9 600) 10 500) 11 350) 12 100) 12 850) 14 150 
Solid 0.128 ..+- | 6200} 7300) 8300) 9150) 9 950) 10 650) 11 350) 12 550 
Stranded} 0.184 4750) 5600) 6400) 7200) 7900) 8500) 9 100) 10 200 
Stranded | 0.232 3900} 4700) 5450) 6100) 6700) 7250) 7800) 8850 
..-| Stranded} 0.292 3 250} 3900) 4550) 5150) 5650) 6150) 6650) 7600 
.| Stranded} 0.332 ..- | 3550} 4100) 4650) 5150) 560°} 6100) 6950 
..| Stranded | 0.373 3 200) 3750) 4200) 4700) 5159) 5550) 6350 
...| Stranded | 0.418 2900) 3400) 3850) 4300) 4700) 5100) 5850 
Stranded | 0.470 2 600} 8 100| 3500) 3900) 4250) 4650) 5 400 
Stranded | 0.528 2400, 2800) 3150) 3550) 3900) 4200) 4900 
250 000 cir. mils..| Stranded | 0.575 | 2600) 2950) 3300) 3650) 4000) 4600 
350 000 cir. mils..| Stranded | 0.681 2250) 2550) 2850) 3150) 3450) 4000 
500 000 cir. mils. | Stranded| 0.814 1900} 2200) 2450) 2700) 2950) 3450 
750 000 cir. mils. .| Stranded | 0.998 | 1800) 2050) 2250) 2500) 2900 
1000 000 cir. mils..| Stranded| 1.152 1600} 1800) 2000) 2200) 2600 
1 250 000 cir. mils. .| Stranded | 1.289 | 1600) 1800) 2000) 2350 
1 500 000 cir. mils. .| Stranded | 1.412 1500} 1650) 1850) 2150 
1750 000 cir. mils. .| Stranded| 1.526 1400} 1550} 1700) 2000 
2000 000 cir. mils. .| Stranded | 1.631 1300} 1500) 1600) 1900 


No tests shall be made within 24 hours nor later than 60 days after _ 
vulcanization unless agreed to by the manufacturer. 

(c) Buffing —In the event of any irregularities on the surface of 
the test specimen, it shall be made smooth and of uniform thickness ; 
within 5 per cent of the original thickness by buffing, except when 
large strands are used, in which case the rubber sample shall be buffed 
sufficiently to remove all corrugations. 


Calculation of Area 


11. Calculation of the area of the test specimens shall be made 
as follows: 


(a) Where the total cross-section of the insulation is used, the 
area shall be taken as the difference between the area of the circle 
whose diameter is the average outside diameter of the insulation and — 
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the area of the conductor. The area of the stranded conductor shall be 
calculated from its maximum diameter. 

(b) Where a segment or sector of the insulation has to be taken 
in the case of a large wire or cable or where the insulation is thin, 
the area shall be calculated as the thickness times the width. (This 
applies either to a straight test specimen or one stamped out with a 
die, and assumes that corrugations have been removed by buffing.) 


Temperature at Test 


12. Physical tests shall be made at a room temperature not less 
than 65° F. (18.3° C.) nor more than 90° F. (32.2° C.) and the test 
specimen shall have been kept at the room temperature not less than 
30 minutes prior to the test. 


Tension Testing Machine 


13. The tension testing machine shall be power-driven and prefer- 
ably of the pendulum type. The machine shall be accurate within | 
per cent of the breaking load. A spring balance type of apparatus 
may be used if provided with a device which will indicate the actual 
maximum load at which rupture takes place and if provision is made 
to prevent recoil of the spring. 


Tensile Strength Tests 

14. The tensile strength test shall be made on a specimen which 
has not been previously stretched. The specimen shall have a length 
of not less than 6 in., and shall be marked with gage marks 2 in. 
apart and placed in the jaws of the testing machine with a maximum 
distance between jaws of 4 in. The specimen shall be stretched at 
the rate of 20 in. per minute (jaw speed) until it breaks. The test 
specimen shall break between the gage marks. The tensile strength 
shall be calculated upon the area of the original specimen. 


Tensile Stress Test 


15. The tensile stress test shall be made simultaneously with the 
tensile strength test by recording the load when the 2-in. gage length 
marks are 6 in. apart, that is, at 200 per cent elongation. The tensile 
stress shall be calculated upon the area of the original specimen. 


Elongation at Rupture 

16. Elongation at rupture shall be determined simultaneously 
with the tensile strength test by reading the distance in inches between 
gage marks at the breaking point. The elongation at rupture shall 
be taken as the distance between gage marks at rupture less 2 in 
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(the original gage length). The percentage of elongation at rupture 
is the elongation in inches divided by the original gage length (2 in.) 
and multiplied by 100 to express as a percentage. a 


Set Test 

17. The set test shall be made on a separate test specimen having 
a length of not less than 6 in. and marked with gage marks 2 in. apart. 
The specimen shall be placed in the jaws of the testing machine with 
a maximum distance between jaws of 4 in. and shall be stretched at 
the rate of 20 in. per minute (jaw speed) until the gage marks are 
6in. apart. The test specimen shall then be released within 5 seconds 
and the distance between gage marks shall be determined 1 minute 
after the beginning of release. The set is the difference between this 
length and the original 2-in. gage length. 


Retests, Physical Properties 

18. Where tested in accordance with Sections 14, 15, 16 and 17, 
if a specimen fails to conform to any one of the requirements for 
tensile strength, tensile stress, set, or elongation at rupture specified 
in Section 4, two additional specimens shall be taken from the same 
sample and tested, and the average of the results shall determine 
whether the material conforms to the requirements. 


AGING TESTS 
Sampling for Aging Tests 

19. For aging tests the wire shall be sampled as follows: 

No samples shall be selected where the quantity is less than 
2000 ft. of wire or cable. 

For sizes less than 250,000 cir. mils one sample shall be selected __ 
for each quantity ordered between 2000 ft. and 50,000 ft. of : 
wire or cable and one additional sample for each additional 

$0,000 ft. thereafter. 

For sizes 250,000 cir. mils and over one sample shall be selected 
for each quantity ordered between 2000 ft. and 25,000 ft. 

of wire or cable and one additional sample for each addi- 
tional 25,000 ft. thereafter.. 
Test Specimens _ 

20. Nine test specimens of similar size and shape shall be pre- 

pared from each sample selected in accordance with Section 19, three 
for the determination of the initial or unaged properties, three for 
the oxygen bomb test and three for the Geer oven test. One specimen 
of each three shall be tested and the other two held as spares except 
that where only one sample is selected all three specimens shall be 


tested and the average of the results reported. a 
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Aging Test Conditions 


21. (a) In the case of wire and cable smaller than No. 6 A.w.g. 

with an insulation thickness less than 3 in., the insulation shall be 
_ heated in the oxygen bomb and in the Geer oven without removing 
the conductor. 

(b) In the case of wire and cable of No. 6 A.w.g. and larger or 
with an insulation thickness greater than 2; in., samples approxi- 
mately square in section shall be cut from the insulation with a cross- 
section not greater than 0.025 sq. in. 

(c) Die-cut samples shall be buffed before being subjected to the 
accelerated aging test wherever the thickness of the sample is 3; in. 
or greater after buffing. 

(d) The test specimens shall have no protective covering and 
shall be suspended vertically in such a manner that they will not come 
in contact with each other or with the sides of the bomb or oven. 

(e) Physical tests on both the aged and unaged specimens shall 
be made at the same time. The aged specimens shall have a rest 
period of not less than 16 hours nor more than 48 hours between the 
completion of the aging test and determination of physical properties. 

(f) Should the first set of specimens selected under Paragraph (a) 
fail to meet the specifications, two other sets of specimens shall be 
tested and if either of these sets fails, the coils, reels or lengths will be 
rejected. 


Oxygen Bomb Test 


22. The test specimens shall be heated in an atmosphere of oxygen 
at a pressure of 300 lb. per sq. in. at a temperature of from 157 to 
159° F. for a period of 96 hours. The weight of the rubber in the bomb 
shall not be over 2 g. per cu. in. of bomb space. The bomb pressure 
shall be reduced at a uniform rate, requiring at least two minutes, 
when specimens are removed. The bomb temperature shall be 
recorded automatically on a chart. 

Geer Oven Test 


23. The test specimens shall be heated at a temperature of from 
157 to 159° F. for a period of 96 hours in an oven having a free 
circulation of fresh air. The oven temperature shall be recorded 
automatically on a chart. 


Rejection 

24. Where ten or more samples are selected in any inspection lot, 
all coils, reels or lengths shall be rejected if more than 10 per cent of 
the samples fail. If 10 per cent or less fail, each coil, reel or length 
may be tested and shall be accepted or rejected upon the results of 
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such individual tests. Where the number of samples selected in any 
inspection lot is less than ten, all coils, reels or lengths shall be rejected 
if more than 20 per cent of the samples fail. If 20 per cent or less 
fail, each coil, reel or length may be tested and shall be accepted or 
rejected upon the results of such individual tests. 


THICKNESS MEASUREMENTS 
Apparatus 
25. The thickness measurements may be made with any type of 


micrometer reading to 0.001 in., suitable for measurements of this 
character. 


Number of Measurements 


26. Where the lot of wire to be inspected consists of two coils or 


reels or less, at least one determination of the thickness shall be made 
on each coil or reel. Where the lot consists of more than two coils 
or reels and less than 20 coils or reels, at least one determination of 
the thickness shall be made on each of two coils or reels taken at 
random. If the lot consists of 20 or more coils or reels, not less than 
10 per cent of the coils or reels shall be selected at random and at 
least one determination of the thickness made on each coll or reel so 
selected. = © 

Procedure 


27. The average thickness of the insulation shall be taken as 
one-half the difference between the mean of the maximum and mini- 
mum diameters measured at any point and the average diameter 
of the conductor measured at the same point. The minimum thick- 
ness shall be as taken the difference between a measurement made 
over the conductor plus the thinnest wall and the diameter of the 
conductor. (The first measurement is made by “slicing off’ the 
heavier side of the insulation.) 


In the case of multiple-conductor cable, the measurements shall — 


be made on the individual wires before being cabled. 
Rejection 
28. If the thickness of the insulation of any coil or reel is found 


to be less than the specified value, that coil or reel shall be rejected 


and a thickness measurement on each of the remaining coils or reels 
shall be made. 


ELECTRICAL TESTS 
Place 


29. Electrical tests of wire and cable shall be made at the place 
of manufacture. 
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_ High Voltage Test at 

. 30. The high voltage test shall be made with alternating potential ra 

_ from a transformer and generator of ample capacity and in no case be 
less than 5 kva. ‘The frequency of the test voltage shall be not th 
greater than 100 cycles and shall have a wave shape approximating al 

as closely as possible a sine curve m 


_ Rate of Application 
31. The initially applied voltage shall be not greater than the 


° tr 
_ rated voltage and the rate of increase shall be approximately uniform tr 
and not over 100 per cent in 10 seconds nor less than 100 per cent in 

60 seconds. 


High Voltage Testing 
: 32. (a) General.—Where insulated conductors are subjected to a hi 
high voltage test in water they shal] be immersed in a grounded 
water bath and tested while still immersed. - 
(b) Single Conductor.—Single conductors shall be tested after 
12 hr. immersion and without covering except a tape or braid applied 
before vulcanization. 
Rubber sheathed conductors shall be immersed and tested after 
_ the sheath is applied. 
Where a metallic sheath is applied, the conductors shall be 
retested against the sheath. 
(c) Multiple Conductor.—The individual conductors of multiple 
: conductor cables shall be tested before assembling as prescribed in 
Paragraph (0). 
- After assembly each conductor shall be tested against the adja 


cent conductors. Where a metallic sheath is applied each conductor 
shall in addition be tested against the sheath. 2 


Cables having a rubber or other non-metallic waterproof sheath I 

" shall be immersed for 12 hr. and the conductors tested against ground n 
Cables covered with cable tape and braid or double braid with a v 

- weather-resistant finish shall not be immersed for testing. te 

T 


q Application of Voltage al 
33. (a) Single-Conductor Cables.—Single-conductor cables shall 


be tested between conductor and sheath or water in which they are . 

immersed. 
(b) Multiple-Conductor Cables.—If a multiple-conductor cable is 

rated at the same operating voltage between conductor and sheath or ' 


water as between conductors, each conductor shall be tested against 
the other conductors in the cable and against the sheath or water, 
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at the test voltage prescribed for that rated voltage. If a cable is 

rated at a voltage between conductors and ground different from that 

between conductors, the test between conductors shall be made at 
: the test voltage prescribed for the rated voltage between conductors | 
7 and the test between each conductor and sheath or water, shall be © 
made at the test voltage prescribed for the rated voltage between 
conductors and sheath or water. 

The several tests may be made by any arrangement of testing 
transformers suitable for the prescribed tests, such as one or more 
transformers supplied from a single-phase source or three transformers 
connected in star and supplied from a three-phase source. 


Insulation Resistance 


34. (a) The insulation resistance shall be measured after the . 
1 high voltage test has been made and while the wire or cable is still 


TABLE II].—TEMPERATURE COEFFICIENTS. 
Temperature Temperature 
T 
oefficient jent 
Deg. Deg. Deg. Deg. 
Fahrenheit Centigrade Fahrenheit Centigrade 
r 46 7.8 0.69 61 16.1 1.03 
47 8.3 0.71 62 16.7 1.05 
48 8.9 0.73 63 17.2 1.08 
49 9.4 0.75 64 17.8 1.11 
e 50 10.0 0.77 65 18.3 114 : 
51 10.6 0.79 66 18.9 1.17 
52 11.1 0.81 67 19.4 1.20 
e 53 11.7 0.83 20.0 1.23 
54 12.2 0.85 69 20.6 1.26 
n 55 12.8 0.88 70 21.1 1.30 
56 13.3 0.90 71 21.7 1.33 
57 13.9 0.92 72 22.2 1.37 
| 58 14.4 0.94 73 22.8 1.40 
59 15.0 0.97 74 23.3 1.44 
r 60 15.6 1.00 75 23.9 1.48 
h immersed in water. ‘The measurement shall be made after one 
minute electrification with a continuous e.m.f. of from 100 to 500 
a volts, the conductor being maintained negative to the water. The 


temperature of the water shall be within the limits given in Table III. 


Temperature Coefficient 


I (b) If the temperature at which the insulation resistance was 

" measured differs from 60° F. (15.6° C.), the resistance shall be reduced 
to that at 60° F. (15.6° C.) by multiplying the measured value by 

‘5 the coefficient in Table III corresponding to the temperature at 

- which the measurement was made. 

st Moisture Absorption Test i 

T, 35. (a) A 15-ft. sample with all the coverings removed ‘shall be 


welected at random from the wire offered for inspection. The middle 


(1152 SPECIFICATIONS FOR INSULATED WIRE AND CABLE 


10 ft. of the sample shall be immersed in distilled water for a period of 

14 days with the 2}-ft. portion at each end kept above the water as 

leakage insulation. The three measurements specified in Section 8 shall 

be taken with the water at the same temperature. The water shall 

_ be maintained at room temperature but not less than 70° F. (21° C.), 

(b) The specific inductive capacity of the insulation shall be 

determined at commercial frequencies and shall be calculated as 

follows: 

Specific inductive capacity = 13 600 C log 2 

_ where C = the capacity in micro-farads of 10 ft. of sample; 
: D = the diameter over insulation; and 

d = the diameter over conductor. 


The moisture absorption test shall be made only when requested 
_ by the purchaser. 
Rejection 

36. Each coil, reel or length which fails to comply with the electri. 
cal requirements of these specifications shall be rejected. 


_ INTERPRETATION OF INSULATION THICKNESSES OF TABLE I 


For series-street-lighting cable, use the following procedure: 
(a) If the transformer is not equipped with protectors, use the open cir- 
- cuit secondary voltage of the transformer as rated voltage of the cable and 
select the proper wall thickness from Table I. 
(b) If the transformer is equipped with protectors, use the closed or loaded 
_ secondary voltage of the transformer as the rated circuit voltage of the cable 
_ and select the proper wall thickness from Table I. 


Nore.—It is preferable, both in Paragraphs (a) and (b) above, to select 
_a cable with a higher voltage rating than obtained using the above procedure, 
| both as a measure of safety and to allow the substitution of a larger trans- 


former without necessitating the replacement of the cable. 
The thickness of insulation for the various systems shall be determined a 
follows: 
(a) For three-phase systems with grounded or ungrounded neutral, use 
thickness values in accordance with Table I. 


(b) For single or two-phase systems up to and including 5000 v., use 
thickness values in accordance with Table I. 
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TENTATIVE METHODS OF PHYSICAL TESTING OF RUBBER | 
PRODUCTS (GENERAL REQUIREMENTS)! 


A.S.T.M. Designation: D 15-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 


annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1935. 

Scope 

1. (2) These general methods of testing are intended to apply to soft 
vulcanized rubber compounds such as are used for the lining and cover of 
hose and belting, for carcass and tread of tires, and for a wide variety of 
molded or extruded rubber products. ‘They do not apply without modi- 
fication to the testing of that material ordinarily classed as hard rubber. 

(b) Only instructions for preparation of test specimens of rubber 
products and the general requirements for approved testing are included 
in these general methods. Standard methods for individual test procedures 
are provided separately or in specifications covering a particular material. 

(c) In case of conflict between the provisions of these methods and 
those of the individual test procedures or specifications for a particular 
material, the latter shall take precedence. 


2. Tests shall be made at the place of manufacture, unless otherwise 
ecified. ‘The manufacturer shall provide the requisite facilities for con- 
ducting tests, including labor and equipment. . a 
Sampling 


3. (a) Samples shall be obtained, if possible, from the product to be 
tested and in such case shall be selected in accordance with the require- 
ments of the specifications covering the particular material. 

(b) In case it is not practicable to obtain suitable test specimens from 
the finished article, the manufacturer shall, upon request, furnish pieces 6 
by 6 by 0.075 in. which he guarantees to be of the same material and equiva- 
nt cure as that used in the article. 


Preparing Samples of Vulcanized Rubber 
4. In case samples of vulcanized rubber are to be prepared for purpose 


under the standardization procedure of the Society, these methods are under the jurisdiction of the 
-M. Committee D-11 on Rubber Products. 

These tentative methods, together with the Tentative Methods of Tension Testing of Vulcanized Rubber 

»112=35 T), see p. 1159, and for Adhesion of Vulcanized Rubber (Friction Test) (D 413 - 35 T), see p. 

; replace the Standard Methods of Physical Testing of Rubber Products (A.S.T.M. Designation: 

19~32), which standard was accordingly tinued in 1935, 
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of tests from the compounding ingredients, the preparation procedure J 1 giv 


described in the following Paragraphs (a) to (e) shall be used: batch 

(a) All ingredients shall be weighed with accuracy within 0.25 per ( 
cent of the weight specified. The final weight of the mixed batch and the § and ¢ 
sum of the weights of each ingredient shall not differ by an amount exceed- § dimer 
ing 0.6 per cent for a compounded batch or 0.3 per cent for pure gum or § mark 
master batched stocks. before 

(b) Mixing of the rubber compound shall be done on a laboratory N 
rubber mill with rolls 12 in. in width by 6 in. in outside diameter havinga J «relat 


working distance between the guides of 103 in. The speed of the slow ( 
roll shall be 24 r.p.m. and the gear ratio 1.4, or as near that figure as is §} in Fig 
compatible with good engineering practice. Sufficient cooling water shall § held’ 
be circulated through the mill rolls to maintain a roll temperature of approxi- 
mately 158 F. (70 C.). 

(c) The rubber portion of the batch shall be broken down on a warm 
mill with mill opening of 0.055 in. until it runs smooth. The mill then 
shall be adjusted to the required opening in conformity with the following 


table: 

VoLuME oF Batcu DISTANCE BETWEEN | 


The compounding ingredients shall be next added to the rubber as rapidly 
as possible in the following order: 


(1) Accelerators and anti-oxidants 
(2) Carbon Black heate 


(3) Fillers on th 
(4) Softeners such 
(5) Sulfur Sin, 

due 


After the ingredients are all incorporated, the batch shall be cut six times 
alternating first from one side and then the other. ‘This is to be interpreted 
as cutting two-thirds of the way across the roll and holding the rubber bel 
until the bank just disappears. After the six cuts are completed, the re 
batch shall be cut across and rolled six times with the roll inserted endwis 


temp. 
each time until the last when it shall be placed in the rolls lengthwise. re 
Then, as soon as the bank is well balanced, the mill setting shall be adjuste? of J 

1 This procedure is substantially in agreement with that of the Physical Testing Committee, Division © curin 


Rubber Chemistry, Am. Chemical Soc. 
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to give a sheet approximately 0.085 in. in thickness, after cooling and the 
batch is cut from the rolls. 

(d) The batch shall be cooled to room temperature on a flat surface 
and cut into slabs 3? in. less in width and length than the rine ee Sal 
dimensions of the mold cavity. Direction of grain of the rubber shall be 
marked on each slab. The unvulcanized stock shall be aged 18 to 24 hr. 
before cure. 


Note.—It is desirable when possible that the aging be in subdued light in air having 
relative humidity of 45 per cent at 82 F. (28 C.). a 


(e) The test slabs shall be vulcanized in a mold similar to that shown 


in Fig. 1, by being heated at a specified temperature for a given time while 
held under molding pressure. For this purpose a hydraulic press with 


'2 
‘Mill 0.020" deep 
below depth of 
cavity 


Cavities to be 
0075'deep 


Mill four 

corners 2" 
deep for 

_ prying mold 
apart 


Cover plate to be O50" thick 
Fic. 1.—Design for Four Cavity Mold. 


heated platens is convenient. The press shall give an intensity of pressure 
on the mold of not less than 500 Ib. per sq. in. ‘The platens shall be of 
such dimensions that no portion of the slab while curing is nearer than 
Sin. to the edge of the platen. In order to avoid cool spots in the platens 
due to condensed moisture, presses of the bored platen type are recom- 
mended. If platens of the chamber type are used, particular attention 
must be paid to insuring good drainage by placing the steam outlet slightly 
below the steam chamber. In either case, the actual platen temperatures 
shall be verified by means of thermocouples in the mold or other suitable 
‘emperature measuring device. The time of cure shall be that between 
the moment the hydraulic pressure reaches its maximum and the moment 
of release of the hydraulic pressure. The mold shall be brought to the 
curing temperature before inserting the uncured stock by being placed in 
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the closed press for a period of not less than 20 min. The minimum pos. § Buffiny 
sible time shall elapse after the stock is placed in the hot mold until the ful 9 
hydraulic pressure is applied. The slabs shall be removed from the mold J emo 
immediately after the conclusion of the cure and cooled in water for 1 § ghich 


min. after which they shall be wiped dry and held for test. 7 neces 


Age of Samples aa, 
5. All tests of rubber shall be made using specimens which have aged “i ’ 
at least 24 hr. after vulcanization. ‘Tests of rubber made more than 6 eo 
. . . Fig. 4 
days after vulcanization shall not be considered as evaluating the original t 
qualities of the material. ” 
NotEe.—Finished rubber products are not in a completely stable condition as regards 
physical properties. Immediately after cure, the rate of change is rapid. During the 


first 12 to 24 hr. the rate becomes progressively less until a minimum is reached. Very 
slow change continues, however, throughout the useful life of the article and is accelerated 


when the rubber is exposed to heat, light and air. 
Condition of Samples 


6. Samples and specimens for test shall not be heated, immersed in 
water nor subjected to any mechanical or chemical treatment prior to 
test except as specifically prescribed herein or in the standard test method. 
Any such treatment may definitely change the results of test. Particular 
attention is necessary to avoid previous stretching through inadvertent 
handling. 


_ Temperature of Test 
7. All tests of rubber shall be made at a room temperature between 
70 and 90 F. (21 and 32 C.). Test specimens shall be conditioned at the 
test temperature for at least 30 min. just prior to test. The actual test 
temperature shall be recorded in all cases. Close comparisons should not 
be made between test results obtained under temperature conditions 
differing by more than 10 F. (5.5 C.). 


Separation of Rubber 

8. When the tests to be made require prior separation of rubber from 
cotton fabric or other material, the separation shall be performed without 
the use of gasoline, if possible, and without rupture or excessive stretching 
If necessary to use gasoline, it shall be of a grade which distills below 302 F. 
(150 C.) and which, upon evaporation, does not leave an appreciable 
- amount of oily residue. To avoid unnecessary stretching, it is desirable to 
cut the material into strips slightly wider than a test specimen. The 
‘separation shall be made gradually and a little at a time while the rubber 
_ is gripped near the point of separation. After use of gasoline, the rubber 
shall be placed so as to permit free evaporation from all parts of its surfac: 

and shall be allowed to rest at least 1 hr. before being tested. 
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Buffing 

9. Samples of rubber shall not be buffed, except when necessary, to 
remove unevenness of surface such as fabric impressions or corrugations 
hich would interfere with an accurate measurement of thickness or when 
necessary to reduce the thickness to the amount prescribed for test speci- 
mens in specific test methods. If required, buffing shall be done by means 
of a suitable grinding machine and without causing excessive heating of 
the rubber. It is recommended that a grinder similar to that shown in 
Fig. 2 be used. ‘The grinder shall have an abrasive wheel of about No. 30 
rit, 5 in. in diameter revolving at a speed of 2500 to 3500 r.p.m., and 


Fic. 2.—Grinder for Buffing Samples. 


shall be provided with a slow feed in order that very little rubber may be 
temoved at one cut avoiding overheating. When removing fabric impres- 
ions or other unevenness, buffing shall not be carried beyond the point at 
which the unevenness in gage just disappears. When necessary to reduce 
the thickness of the sample for preparation of test specimens, it may be 
desirable to slice the rubber nearly to the required thickness and finish by 
buffing. In any case, the final buffed surfaces shall be finished as smoothly 
aS possible. At least 30 min. shall elapse between the buffing and testing 
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Note.—Specimens with buffed surfaces instead of mold finish usually give slight); 
lower tensile strength test results because of the tendency for surface roughness to fayo; 
premature breaking of the specimens. 


Test Methods 

10. All tests of rubber parts shall be carried out in accordance with 
the requirements of the A.S.T.M. standard specification for the material 
or the A.S.T.M. standard test method for determining the specific physical 


property required. 


Retests 

11. Any lot represented by a sample which fails in one or more tests 
may be retested. For this purpose two additional samples shall be selected 
Failure of either in any respect shall be cause for rejection. 
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TENTATIVE METHODS OF TENSION TESTING OF 
VULCANIZED RUBBER! 


A.S.T.M. Designation: D 412 - 35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
nual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1935 


cope 


1. (a) These methods include standard procedures for determining 
stress-strain properties, tensile strength, ultimate elongation and _per- 
manent set of the usual grades of soft vulcanized rubber such as tire car- 
cass and tread compounds or those used in most mechanical rubber goods. 
They do not apply to the testing of material ordinarily classed as hard 
rubber. 

(b) Except as may be otherwise specified in these methods, the re- 
quirements of the Tentative Methods of Physical Testing of Rubber 
Products (General Requirements) (A.S.T.M. Designation: D 15-35 T) 
of the American Society for Testing Materials? shall be complied with and 


remade a part of these methods. 8 
Description of Terms 
2. (a) Tensile Strength is the tension load per unit cross-sectional area 
quired to break a test specimen of the type and in the manner herein 
lescribed. 


Note. —Since rubber when so stressed usually stretches to a high degree with accom- 
‘ing substantial reduction in cross-sectional area, and since precise measurement of 
limensions at the moment of breaking is not possible, the calculation of intensity of 
is referred in all cases to the original cross-section. 


(b) Elongation is the extension produced by a tension load in a section 

of a test specimen between gage marks placed on it, and is expressed as a 

percentage of the original distance between the marks. Ultimate elonga- 

tion is the elongation at the moment of rupture. Elongation is also cor- 
rectly designated by the term “strain.” 

Tensile Stress is the intensity of load referred to the original cross- 

tion at the corresponding stated percentage of elongation which it pro- 


Under the standardization ee of the Society, these methods are under the jurisdiction of the 


M. Committee D-11 on Ru 
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duces. It is expressed in pounds of tension load per square inch at the 
particular elongation, for example, 1000 lb. per sq. in. at 500 per cent 
elongation, and is often designated by the term “‘modulus.” It is used as 
an index of stiffness. 

Permanent Set refers to the extension remaining after a test specimen 
has been stretched and held at a specified elongation for a given period of 
time, relieved of load and allowed to recover during a specified interval of 
rest as herein described. It is expressed as a percentage of the original 
length and is used as an index of elasticity. = 


TENSION TESTING APPARATUS 
Type 
3. Tensile strength, elongation and stress-strain tests shall be made 
on a power-driven apparatus, preferably of the inclination-balance or 
pendulum type. A spring-balance type of apparatus may be used if pro- 
vided with a device which will indicate the actual maximum load at which 
rupture took place and if provision is made to prevent recoil of the spring 


Requirements 


4. The machine shall fulfill the following requirements: 

(a) The applied tension as indicated by a dial or scale shall be accurate 
within +1 per cent. 

(b) The indicator shall remain at the point of maximum load after 
rupture of the test specimen. 

(¢) The grips which hold the specimen in the testing machine shall bi 
of a type which tightens automatically and exerts a uniform pressure across 
the gripping surface proportional to the applied tension so as to avoid 
uneven slipping and to insure failure of the test specimen in its constricted 
portion. 

(d) The rate of travel of the power actuated grip shall be 20 in. per 
min. and shall be uniform at all times. 

(e) Provision shall be made for measuring the elongation by a scale 

- graduated to 0.1 in. and suitably attached to measuring trammel points 
or held back of the test specimen. 


Capacity 
5. The testing machine used for a given test specimen shall be of suc! 
capacity that the maximum load required to break the specimen shall not 
exceed 85 per cent nor be less than 15 per cent of the rated capacity. Fo 
tests of most rubber compounds using one of the test specimens hereit 
described a machine of 150-lb. maximum capacity will be satisfactory. For 


general use in tension testing of rubber, possible separation of the grips 0 
at least 30 in. shall be provided. 
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Fic. 1—Apparatus for the Permanent Set Test. 
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1162 MeEtHops oF TENSION TESTING OF VULCANIZED RUBBER 
Set Test Apparatus 


6. Permanent set tests may be carried out on the power driven ten. 
sion machine described or the special apparatus illustrated in Fig. 1 may 
be employed. 


TEst SPECIMENS 
Dies 


: 7. Unless otherwise prescribed in the specifications for the materia] 
_ being tested, the specimens for tension tests shall be stamped out with ; 


2 


Secti 


n A-B. 
; 


Inverted Plan. | Section C-D. 
Fic. 2.—Die for } by 2-in. Specimens. 


- Steel die constructed substantially in accordance with Fig. 2. The de 
shall be kept sharp and free from nicks to avoid leaving ragged edges 
the rubber. Cutting may be facilitated by wetting the rubber surface 4° 
the cutting edges of the die. The rubber shall be rested on a smooth, 
slightly yielding surface which will not injure the blade. Light-weight cart: 
board or a piece of leather belting is suitable. Care shall be taken that the 
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at edges are perpendicular to the other surfaces of the specimen and have © 
minimum of concavity. 


Shape 
8. The specimen stamped out shall conform in shape to Fig. 3 A, B 
‘C, and shall not vary in width in the reduced section by more than 


Fic. 3.—Tensile Strength and Elongation Test Specimens. 
ie A shall be used when the size of the sample and the tension and stretch limits of the testing machine 
» with exceptions as explained below. If the tension limit is too high for the machine, use Die B. If the 
‘ch 18 too high for the machine, use Die C. Die C shall also be used for samples which are too small for 
8. In all cases in which the sample and testing machine limitations permit a choice in die shapes, the die 
g the highest test values shall be used, as such higher results will be nearer to the true value of the material. 


*0.001 in. from the dimension shown. In no case shall the thickness of 
the test specimen exceed 2 in. 


Gage Marks 


9. Two parallel gage lines for use in determining elongation shall be 
marked on the reduced section perpendicular to the longitudinal axis of 
the specimen one on each side of the center and } in. or 1 in. therefrom, as 


Die A 
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required. The marks shall be as narrow as possible consistent with legi. 
bility. Use of a stamp with parallel steel blades is recommended but car. 
shall be taken not toinjurethe rubber, = = 


Measurement of Thickness 
10. (a) The thickness shall be measured with a micrometer graduated 
to 0.001 in. having a presser foot 0.25 in. +0.01 in. in diameter exerting 4 
- total force of 9.0 oz. +0.1 oz. The load shall be applied by means of ; 
weight. 
(b) The minimum thickness and width between the gage marks shall 
be taken in calculating the area to be used in determining the tensile 
strength of the specimen. 


_ Number of Test Specimens 


11. (a) Three specimens per sample shall be tested for determinations 
of tensile strength, elongation, and stress-strain properties. Results on 
specimens which break outside of the straight reduced section or which 
are found to be imperfect shall be discarded and retests shall be made. 
In case the ultimate tensile strengths fail to check within 5 per cent of the 
highest value obtained, additional specimens shall be tested until two or 
more such check results are obtained. The final values shall be the averages 
of the check tests discarding the determinations on samples which ar 
outside of the above limit. 

(b) Two specimens per sample shall be tested for permanent set and 
the results shall not differ by more than 25 per cent of the percentage values 
obtained. In case of greater variation than specified, additional specimens 
shall be tested. The final value shall be the average of the check tests 
Results on specimens found to be imperfect shall be discarded and retest: 
shall be made. 

PROCEDURE 


12. (a) Tensile Strength and Ultimate Elongation.—The test specimen 
shall be placed in the grips using care to adjust them symmetrically i 
order that the tension shall be distributed uniformly over the cross-sectio. 
The grips shall be separated at the specified rate of speed until rupture takes 
place and during separation, the distance between the gage marks on the 
specimen shall be noted continuously so that at the instant of rupture the 
distance is known within 0.1 in. This value shall be recorded together 
with the original distance between the gage marks from which data tht 
ultimate elongation may be calculated. After rupture of the specimen, the 
breaking load in pounds shall be noted from the dial or scale and recordéé 
together with the original minimum width and thickness of the specime 
so that the tensile strength may be calculated. 

(b) Stress-Strain Properties—The procedure shall be the same 4” 

| a Paragraph (a) except that the load and extension shall be recorded # 
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equal increments of 100 per cent elongation as well as at rupture. Use of 
an autographic or spark recorder for registering observed loads is recom- 
mended. A tension testing machine equipped with a dynamometer head 
{ the compensating type is convenient in eliminating calculations and 
its use is permitted in stress-strain tests. 

(c) Permanent Set.—The test specimen shall be placed in the grips 
of the test apparatus as in Paragraph (a) and the grips separated at the 
machine speed or by hand at a uniform rate of speed such as to require 
approximately 15 sec. to reach the specified elongation. The specimen 
shall be held in this stretched position for 10 min., released immediately 
but without being allowed to snap back and allowed to rest for 10 min. 
The distance between the gage marks shall then be measured to the nearest 
0.01 in. and recorded together with the original distance between the 
marks. The difference is the measure of the permanent set. If no specified 
elongation is given for the permanent set determination, the test specimen 
shall be stretched an amount equal to three-fourths of the ultimate elonga- 


tion determined asin Paragraph (a2). 


REPORT 


13. (a) Tensile Strength shall be calculated by dividing the breaking 
load in pounds by the original area of the cross-section of the test specimen 
in square inches and shall be expressed in pounds per square inch. 

(b) Ultimate elongation shall be calculated by subtracting the original 
distance between gage marks in inches from the total distance between 
the marks at the time of rupture as measured in Section 12 (a) and express- 
ing this difference as a percentage of the original distance, as follows: 


Ultimate Elongation, 


per cent 


(Distance at Break — Original Distance) 
x 
Original Distance 


100 


(c) Stress-Strain Properties—Tensile stresses shall be calculated as in 
the case of tensile strength except that the abserved loads shall be used in 
place of the breaking load. Elongation ox strain shall be calculated as in 
the case of ultimate elongation except that the observed distance between 
the gage marks at each recorded extension shall be used in place of the 


distance at break. 


(d) Permanent Set shall be calculated as a percentage of the original 
distance between the gage marks by taking the difference between the 
gage mark distance after the rest period and the original distance as de- 
scribed in Section 12 (c), multiplying by 100 and dividing the product by 


the original distance. 
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Report 
14. ‘The report shall include the following: 
(a) The results calculated in accordance with Section 13. 


(6) All observed and recorded data on which the calculations are 
based. 


(c) The date of vulcanization of the rubber, if known. 
(d) The date of test. 


_(e) The temperature of the test room. _ _ 
_(f) The type of test machine used. 


_(g) The dimensions of the die used in preparing the test specimens, 
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TENTATIVE METHODS OF TEST 
FOR 
ACCELERATED AGING OF VULCANIZED RUBBER! 
A.S.T.M. Designation: D 428 - 35 T 
This is a Tentative Standard and under the Regulations of the Society is subject t : 


nus yal revision. Suggestions for revision should be addressed to the Headquarters of the 
scety, 260 S. Broad St., Philadelphia, Pa. 


Scope 


1. (a) These methods are intended for use in estimating the relative — 
resistance of vulcanized rubber compounds to age deterioration. No 
irect correlation between these accelerated tests and natural life of rubber 
sgiven nor implied. Since the rate at which deterioration proceeds during 

enormal life of rubber varies widely depending on conditions of exposure 
to heat, light and air and on the composition and state of cure of the 
rubber, these accelerated tests are comparative only and must be evaluated 
ainst the performance of rubber compounds of which both the natural 
| accelerated aging characteristics are known. 

()) Except as otherwise specified in these methods, the requirements 
of the Tentative Methods of Physical Testing of Rubber Products (General 
Requirements) (A.S.T.M. Designation: D 15-35 T) of the American 
society for Testing Materials* shall be complied with and are made a part 

these methods. 

(c) In case of conflict between the provisions of these methods and 
those of detailed specifications or methods of test for a particular material, 
the latter shall take precedence. 


Types of Tests = 

2. (a) Aging tests of rubber consist of subjecting test specimens having 
previously determined physical properties to controlled deteriorating influ- 
‘ices for known periods after which the physical properties are again 
measured and the changes noted. In these methods, two types of test 
fe given which differ in that the specimens are exposed at an elevated 
‘mperature to different conditions of oxidizing atmospheres. Neither type 
AST. rT aies the standardization procedure of the Society, these methods are under the jurisdiction of the 


committee D-11 on Rubber Products. 
row publication as tentative by Committee E-10 on Standards, September 28, 1935. | 
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includes exposure to light. They are designated as (1 ) air-oven aging test 
and (2) oxygen-pressure-chamber aging test. 

(b) In both types of aging tests, the physical oienitin used to measure 
the deterioration of the rubber in addition to visual and manual inspection, 
are tensile strength, ultimate elongation and stress-strain relationship, 
Except as otherwise specified in these methods, the determination of thes 
properties before and after aging shall be carried out in accordance with 
the Tentative Methods of Tension Testing of Vulcanized Rubber (A.S.T.M 
Designation: D 412-35 T) of the American Society for Testing Materials: 


Air Oven 


3. The air oven shall conform to the following requirements: 


(a) The interior size shall be as follows or of an equivalent volume: 
Interior size of air oven { init 
(0) Provision shall be made for suspending specimens vertically with. 
out touching each other or the sides of the aging chamber. 
(c) The operating temperature shall be 70 C. +1 C. 
(d) The temperature variation in various parts of the oven shall no! 
exceed 2 C. 
(e) The heating medium for the aging chamber shall be air circulated 
within it at atmospheric pressure. 
(f) The source of heat is optional but shall be located in the air suppl} 
outside of the aging chamber proper. | 
(g) A recording thermometer located in the upper central portion oi 


the chamber near the center of the aging specimens shall be provided t’ 
record the actual aging temperature. 


(h) Automatic temperature control by means of thermostatic regule: 


~ tion shall be used. 


(i) The following special precautions shall be taken in order thet 
accurate, uniform heating is obtained in all parts of the aging chamber: 
(1) The heated air shall be thoroughly circulated in the oven by meat 
of mechanical agitation. When a motor-driven fan is use 
the air must not come in contact with the fan motor brush dis 
charge because of danger of ozone formation. 
(2) Baffles shall be used as required to prevent local overheating at 
dead spots. 
_ (3) The thermostatic control device shall be so located as to gi\' 
accurate temperature control of the heating medium. 1 
preferred location is adjacent to the recording thermometer. 
(4) An actual check shall be made by means of maximum readite 
thermometers placed in various parts of the oven to verify t 
uniformity of the heating. 
1 
See p. 1159. 4 
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Oxygen Pressure Chamber Equipment 

4. The oxygen pressure chamber shall consist of a metal vessel designed 
to retain an internal atmosphere of oxygen gas under pressure with pro- 
visions for placing rubber specimens within it and subjecting the whole 
to controlled uniform temperature. Two suggested designs which are 


»Safety Blow-out 
/ Disk 


Lead Ring- 


Gasket 


3 


| 
Inside Diameter — 
/ 
+ 73 Outside Diameter — 

pply 


Fic. 1.—Oxygen Pressure Aging Chamber, Non-Jacketed for Water or Air Bath. 


suitable are shown in Figs. 1 and 2. The equipment shall conform to the 
following requirements: 

(a) The size of the chamber shall be optional but shall be such that 
the specimens may be suspended therein vertically without undue crowding 
and without touching each other or the sides of the chamber. 

(6) The operating temperature shall be 70 C. +1 C. determined by 
measuring the temperature of the heating medium which shall be con- 
sidered the same as that of the pressure chamber. 
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(c) The source of heat is optional but necessarily must be located 
outside of the aging chamber proper. 

(d) The heating medium is optional but water is preferred because 
of more rapid heat transfer. When the design shown in Fig. 1 is used, it 
is convenient to employ for the heating a calorimeter water bath in which 
the entire chamber is immersed. If air is used, precautions similar to 
those specified in Section 3 (7) for the air oven must be observed to insure 
uniform heating. 

(e) Automatic temperature control of the heating medium by means 
of thermostatic regulation shall be used. 

(f) A recording thermometer located in the heating medium shall be 
provided to record the actual temperature. Preferably, the thermometer 
bulb should be close to the wall of the pressure chamber but not touchingit. 


Hot Water Jacket~~ 
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Fic. 2.—Oxygen Pressure Aging Chamber, Hot-Water Jacketed. 


(g) Positive, rapid and complete circulation of the heating medium 
- shall be maintained so as to assure accurate, uniform heating. 
(h) The pressure of oxygen supplied to the aging chamber shall be 
- 300 + 10 lb. per sq. in. as measured by.a calibrated pressure gage. 
(i) The pressure chamber shall be equipped with a reliable safety 
- valve set for release at 500 lb. per sq. in. pressure. 
: Note: Caution.—Adequate safety provisions are important when heating oxidizable 
organic materials in oxygen since the rate of reaction may become very rapid in some 
cases, particularly if large surface area is exposed, and very high pressures may be developed. 
of Test Specimens 
. 5. Dumb-bell shaped test specimens, prepared as described in the 
- Tentative Methods of Tension Testing of Vulcanized Rubber (A.S.T.M. 
Designation: D 412-35 T) of the American Society for Testing Materials’ 
shall be considered standard. Their form shall be such that no mechanic, 
chemical or heat treatment will be required after aging. If buffing © 
necessary, it shall be performed prior to the aging cycle. 
1 See p. 1159 
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S. T. M. DESIGNATION: 


D 428-35 T 
ited Size of Test Specimens 
6. The dimensions of the test specimens for calculating the physical 
ause ff properties shall be measured prior to starting the aging cycle. Care shall 
d, it  betaken that the material used for marking the gage lines on the specimens 
hich is not detrimental to the rubber during aging exposure causing the speci- 
r to § mens to break at the marks prematurely during test. Only specimens of 
sure § similar dimensions having approximately the same exposed areas may be 
compared with each other. 


eans : 
Number of Test Specimens 


Il be 7. At least three specimens shall be used to determine the average _ 
eter | original physical properties of the rubber and also three or more specimens 


agit of the same material for each aging interval of the test. . 
Tests of Unaged Specimens 


8. The stress-strain properties including tensile strength and ultimate 
elongation of the original unaged specimens shall be determined within 
24hr. of the start of the aging period. Results on specimens which break 
utside of the straight reduced section or which are found to be imperfect 
shall be discarded. Retests shall be made of original unaged specimens so 
liscarded. 


Accelerated Aging of Specimens 
9. The specimens for aging shall be placed in the aging chamber after 
ithas been preheated to the operating temperature. It is recommended 
that not more than 2.0 g. of actual rubber or oxidizable substance per 
cubic inch of capacity be placed in the chamber. Simultaneous aging of a 
dium | ™xed group of different compounds shall be avoided if possible. For 
instance, high-sulfur compounds should not be aged with low-sulfur com- 
all be § Pounds and those containing anti-oxidants should not be aged with those 
having no age-resistors. Some migration is known to occur. When starting 
safety § “2 0xygen-pressure aging test, the air shall be flushed out by releasing the 
oxygen pressure and refilling and the chamber shall be checked to make 
certain the apparatus does not leak. 
0 some (6) The aging interval shall start at the time the specimens are placed 
yelopel. § in the heated chamber and shall continue for a measured time interval. 
The selection of suitable intervals of aging will depend on the rate of deteri- 
in the § “tion of the particular material being tested. Air-oven tests are commonly 
> TM. § “tended over intervals of days and oxygen-pressure-chamber tests for 
teria’ | Ptiods of hours. Intervals frequently used are as follows: 


anical, 2, 4, 7 and 14 days 
fing is Oxygen- 24, 48, 72 and 96 hr. 


(c) Such aging intervals shall be used that the deterioration will not 
€ $0 great as to prevent determination of the final physical properties. 


= . 


ll METHODS OF TEST FOR AGING OF RUBBER 


In experimental work, it is desirable to use a range of periods, while for 
routine tests of known materials fewer intervals may be employed. 

- (d) At the termination of the aging interval, the specimens shall be 

removed from the aging chamber, cooled to room temperature on a flat 
surface and allowed to rest not less than 16 hr. nor more than 48 hr. before 
determination of the physical properties. In relieving the pressure from 
the oxygen pressure chamber preparatory to removing the aged specimens, 
it is essential that the release be slow and uniform, requiring at least 2 min. 
so as to avoid possible formation of porosity in the specimen. = 


Tests of Aged Specimens 

10. The tensile strength, ultimate elongation and, if possible, stress- 
strain properties of the specimens aged for different intervals shall be 
determined as the intervals terminate in the progress of the aging disre- 
garding the fact that more specimens may still be aging. In determining 
the physical properties after aging, the final values shall be the average of 
results from at least two specimens including that one giving the highest 
value for ultimate tensile strength and any which check that value within 
10 per cent. Results of tests of all other specimens shall be discarded. 
In the event that discarding of aged specimens both from faulty breaks 
and failure to check does not leave two satisfactory determinations, addi- 
tional specimens shall be aged and tested until two or more check results 
from properly broken specimens are obtained. After completion of the 
tests, the broken, aged specimens shall be examined visually and manually 

_and their condition noted. 


a Expression of Results 
11. The results of the aging test shall be expressed in the form of per- 
centage of deterioration in each physical property (tensile strength, ultimate 
' elongation or tensile stress), calculated as follows: 


(Original Value — Value after Aging) X 100 
Original Value 


Percentage of Deterioration = 


Report 
12. The report shall include the following: 4 
(a) The results calculated in accordance with Section 11. 
(b) All observed and recorded data on which the calculations are based. 
(ec) Type of aging test. 
(d) The aging interval. 
(e) The duration, temperature and date of vulcanization of the rubber 
if known. 
(t) Dates of original and final determinations of physical properties 
Dimensions of test specimens. 
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TENTATIVE METHODS OF TEST 
FOR 
ADHESION OF VULCANIZED RUBBER (FRICTION TEST)! | 


A.S.T.M. Designation: D 413 - 35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1935. 
Scope 


1. (2) These methods of test are intended to be used for measuring 
the strength of adhesion between plies of fabric bonded with rubber or the 
adhesion of the rubber layer in articles made from rubber attached to 
another material. They are applicable only when the adhered surfaces are 
approximately plane or uniformly circular as in belting, hose, tire carcasses, 
or rubber-covered sheet metal. When the adhered surfaces contain sharp 
bends, angles or other gross irregularities which cannot be avoided in 
preparing test specimens, special methods must be employed for evaluating 
adhesion. 

(b) Two general methods of test are given. ‘The first involves appli- 
cation of force by means of weights and is called the ‘“Dead-Weight 
Method.” The second employs a tension testing machine and is known as 
the “Machine Method.” 

(c) As covered by these methods, an adhesion test shall be understood 
to consist of applying to a test specimen under specified conditions, a meas- 
ured force sufficient to strip from the specimen at a measured rate a layer 
of moderate thickness with separation at the adhered surfaces. The 
numerical value of the adhesion may therefore be expressed as (/) average 
force required to cause separation at a definite rate, or (2) average rate of 
separation caused by a known or specified force. In the machine method, 
the rate of separation is fixed and the adhesion value must be expressed in 
terms of the measured tension. With the dead-weight test, either method 
can be used but the latter is preferable and will be here employed. 

(d) Except as may be otherwise specified in these methods, the require- 
ments of the Tentative Methods of Physical Testing of Rubber Products 
‘General Requirements) (A.S.T.M. Designation: D 15-35 T) of the 


ranies the standardization procedure of the Society, these methods are under the jurisdiction of the 
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1174 MetuHops or TEST FOR ADHESION OF VULCANIZED RUBBER 


American Society for Testing Materials' shall be complied with and are 
ade a part of these methods. 

(e) In case of conflict between the provisions of these methods and 

those of detailed specifications or methods of test for a particular material, 


_ the latter shall take precedence. 
TEST SPECIMENS 


Size and Shape 
2. (a) Test specimens shall conform to one of two types as follows: 
Strip Specimens.—Plane strips having a width of 1.00 in. + 0.01 in., 
and a minimum length such as to permit separation over sufficient distance 
_ to indicate the adhesion value. 
Ring Specimens.—Closed rings having a width of 1.00 in. + 0.01 in. 
and maximum internal diameter of 4 in. Ring specimens shall be tested 
& by the dead-weight method. 
(b) ‘Test specimens may vary in thickness according to the construction 
_ of the article being tested but the portion from which a ply or layer is being 
separated shall not be of less thickness than such ply or layer and in no case 
shall the thickness of the latter exceed } in. If necessary, in order to comply 
with this requirement, slicing or buffing may be employed. 
(c) Curved specimens for test in strip form shall have curvature only 


_in the length dimension of the test specimen. | 
Cutting of Specimens 


3. (a) If practicable, the test specimens shall be cut from the article 

_ to be tested in such manner that the adhered parts shall have the same 

one-inch width. When necessary or when so specified, only the layer which 

is to be separated by application of load may be cut to the one-inch width 

but in such case, the portions of that layer remaining outside of the test 

width shall be removed from the other layers to avoid edge constriction 
during separation. 

(6) Cutting of test specimens shall be done using a sharp tool which 
will leave clean edges. Ring specimens as from hose samples are con- 
veniently prepared by mounting the material on a smooth, close-fitting, 
slightly tapered wooden mandrel which can be rotated in a lathe and 
cutting 1-in. sections with a sharp-pointed wet knife forced gradually 
through the material. 

(c) Rings having internal diameters over 4 in. shall be cut through 

opened to form strip specimens. 


.DEAD-WEIGHT METHOD d 


q Apparatus 
4. The apparatus required for the adhesion test by the dead-weight 
method consists of a supporting frame, testing clamps, mandrels, calibrated 


1 See p. 1153. : 
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AS.T.M. Dessmarsow: D 413- 35 T 1175 
weights and weight carriers. The supporting frame shall be of such design 
that clamps for strip specimens may be hung on it vertically and that 
mandrels for strip specimens may be supported on it horizontally. The 
frame must have sufficient height to permit weights to be suspended from 
the test specimens by means of clamps and to hang freely during the progress 
of the test. Provision also shall be made to support the mandrels so that 
they may revolve freely with minimum friction. Suitable apparatus is 


shown in Figs. 1 and 2. 
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Fic. 1.~Clamp for Adhesion Test. 

Procedure 


5. (a) Testing Strip Specimens.—The parts to be tested shall be sepa- 
tated by hand at one end of the strip specimen a sufficient distance to permit 
attaching the jaws of the testing clamp. The strip shall be suspended from 
the supporting frame by the separated end, all separate parts of which 
except the one under test, shall be held in the jaws of the testing clamp. 
A minimum weight sufficient to maintain the strip specimen in approxi- 
mately a vertical position shall be attached to the lower end of the test 
specimen, or the specimen may be held against a vertical plate in such a 
manner as to keep the specimen in approximately a vertical position during 
test. A specified or known weight shall be applied by means of a clamp and 
weight carrier to the layer of which the adhesion is to be determined. The 
weight of the clamp and carrier shall be included in the total weight causing 
separation. Suitable provision shall be made for releasing the weight 
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1176 METHODS OF TEST FOR ADHESION OF VULCANIZED RUBBER 


slowly without jerking and in such a manner that the separating layer will 
be stripped from the specimen approximately at an angle of 180 deg. 

(b) Testing Ring Specimens.—The ring specimen shall be placed snugly 
on a mandrel having an outside diameter substantially the same as the 
internal diameter of the ring. ‘The parts to be tested shall be separated 
sufficiently by hand to permit attaching the jaws of the testing clamp. 
With the mandrel resting on the supporting frame, a known or specified 
weight shall be applied by means of the clamp and a weight carrier to the 
layer of which the adhesion is to be tested. The weight of the clamp and 


Fic. 2.—Mandrels and Frame for Dead-Weight Adhesion Test 


carrier shall be included in the total weight causing separation. Suitable 
provision shall be made for releasing the weight slowly without jerking and 
in such a manner that the separating layer will be stripped from the spec 
men approximately at an angle of 90 deg. 

(c) Rate of Separation—The rate of separation shall be determined 
by observing the duration of the test with a stop-watch or a watch having 
a second hand and by measuring, after the weight has been removed, the 
length stripped between marks placed at the beginning and end of the 
test on the other portion than that stripped. 
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AS.T.M. DESIGNATION: D 413-35 T 


MAcHINE METHOD 


Specimens 


6. Only strip specimens shall be tested for adhesion by the mestiinen 
method. 


Apparatus 


7. ‘pinaiien eae by the machine method shall be made on a power- 
driven apparatus, preferably of the inclination balance or pendulum type, 
although a spring-balance apparatus may be used. The machine shall 
fulfill the requirements of the following Paragraphs (a) to (f): 

(a) The applied tension as measured and recorded shall be accurate 
within + 1 per cent. 

(b) The grips which hold the specimen in the testing machine shall 
clamp firmly and prevent slipping at all times during the test. 

(c) The rate of travel of the power-actuated grip shall be 2 in. per min. 
uniformly throughout the test giving a rate of separation of 1 in. per min. 

(d) The machine shall be operated without any device for maintaining 
maximum load indication. In pendulum type machines, the weight lever 
shall swing as a free pendulum without engagement of pawls. 

(e) The machine shall be autographic giving a chart having rate of 
separation as one axis and applied tension as the other axis of coordinates. 

(f) The machine shall be of such capacity that the maximum applied 
tension during adhesion test shall not exceed 85 per cent nor be less than 
15 per cent of the rated capacity. 


Procedure 


8. The parts to be tested shall be separated by hand at one end of 
the test specimen sufficiently to permit clamping in the grips of the machine. 
The separated end of the specimen with all separate parts except the one 
under test securely gripped shall be attached to the recording head by 
means of a clamp using care to adjust it symmetrically in order that the 
tension shall be distributed uniformly. Provision shall be made to main- 
tain the strip during test approximately in the plane of the clamps. This 
may be done either by attaching the minimum weight required to the free 
end of the specimen or by holding the specimen against a plate attached 
to the stationary clamp but, in either case, the added weight shall be taken 

into account in determining the load causing separation. ‘The layer of 
which the adhesion is to be tested shall be gripped symmetrically and firmly 
without twisting in the power-actuated clamp. The autographic mechan- 
im and chart shall be adjusted to zero and the machine started. The 
separating layer shall be stripped from the specimen approximately at an 
angle of 180 deg. and the separation continued for a sufficient distance to 


indicate the adhesion value. 
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PRECAUTIONS AND CHECK TESTS 

Tearing 

9. If, during a test, one of the parts begins to tear, instead of separating 
from the other part of the specimen, the material being torn shall be cut 
with a knife up to the surface of contact between the two parts and the 
test started again. If one of the parts repeatedly tears, instead of separat- 
ing from the other part, a satisfactory result may be secured in the dead- 
weight method by reducing the amount of the weight used if this is per- 
mitted. In case of repeated tearing when using the machine method, the 
average load at which tearing occurs shall be taken as the result of the 
test. In cases of tearing, the results shall be so designated. 


Effect of Temperature 

10. The results of this test are affected by temperature. Elevating 
the temperature causes a faster rate of stripping under a given load. The 
temperature during test shall therefore be between 70 and 90 F. (21 and 
32 C.) and the actual temperature shall be recorded. 


Interpretation of Results 

11. (a) In the dead-weight method, no stripping is started unless 
a certain weight is used. Small increments in weight do not progressively 
cause proportional increases in rate of separation. With increasing weight 
the rate increases slowly at first and finally very rapidly. Rate of separa- 
tion must therefore be interpreted carefully. A specimen required to 
separate not more than 1 in. per min. under 20-lb. weight might be regarded 
as very inferior if the test result was 5 in. per min. The same specimen 
might not strip at all under 15-lb. weight and might meet the requirement 
with 18-lb. weight. 

(b) The true adhesion value is not determined in case the specimens 
repeatedly tear. The test, however, indicates that the strength of adhesion 
exceeds the strength of the material and that the adhesion value is not 
less than the result obtained. 

(c) Adhesion values may differ between different plies of the same 
article of plied construction and also at different points along the same ply. 
The adhesion value of one ply to another is taken as the average result of 
the test over a reasonable distance of separation. When possible, a distance 
of separation of at least 4 in. shall be used. a 


Check Tests 

12. The adhesion value shall be based on the result of a single test. 
In case of testing to meet a specified value, one check test shall be made 
if the average strength as determined by the machine method fails by less 
than one-half pound to meet the specifications or if the rate of separation 
determined by the dead-weight method exceeds the specified rate by 10! 
more than ten per cent. The check test result shall be considered final. 
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A 


REPORT 
Expression of Results 


13. (a) With the dead-weight method, the value of the adhesion shall 
be reported as inches of separation per minute per inch of width under a 
stated weight. 

(b) With the machine method, the autographic chart constitutes the 
report but the value of the adhesion shall be determined by drawing on 
the chart the best average line between the maximum and minimum load 
values. ‘The load so indicated expressed in pounds per inch width for 
separation at 1 in. per min. shall be reported as the adhesion value. 


Report 
14. The report shall include the following: 

(a) Results of the adhesion test determined in accordance with 
Section 13. 

(b) All observations and recorded data on which the results are 
based. 

(c) The date of manufacture or vulcanization of rubber, if known. 

(d) The date of test. 

(e) Statement of method used. 

(f) Temperature of test room. 

(g) Dimensions of test specimen. 
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TENTATIVE METHOD OF TEST 
FOR 
. ADHESION OF VULCANIZED RUBBER TO METAL! 


A.S.T.M. Designation: D 429 - 35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. —-_ ad 


IssuED, 1935.? 
Scope 

1. (a) This method is intended to be used for testing the strength of 
adhesion of rubber to metal in articles where a rubber part is assembled 
between two parallel metal plates. 

(b) The method is designed primarily to apply to specimens prepared 
in a laboratory under standardized conditions such as may be used to 
provide data for development and control of rubber compounds and methods 
of manufacture. With slight modifications as indicated, it may also be 
used for obtaining comparative adhesion tests of production parts whenever 
the design permits preparation of suitable test specimens. It is applicable 
in the case of many automotive parts in which rubber is used for the purpose 
of damping vibration. 

(c) The method does not cover the testing of adhesion of rubber to 
metal when the part has metal on one side of the rubber only. For such 
cases reference should be made to the Tentative Methods of Test for Adhe- 
sion of Vulcanized Rubber (Friction Test) (A.S.T.M. Designation: D 413- 
35 T) of the American Society for Testing Materials.* 

(d) Except as otherwise specified in this method, the requirements 0 
the Tentative Methods of Physical Testing of Rubber Products (Generd 
Requirements) (A.S.T.M. Designation: D 15-35 T) of the American 
Society of Testing Materials‘ shall be complied with and are made a pat! 


_ of this method. 


Testing Machine 


2. A tension testing machine conforming to the requirements of the | 
Tentative Methods of Verification of Testing Machines (A.S.T.M. Dest 
1 Under the standardization procedure of the Society, this method is under the jurisdiction of the ASTM 


ttee D-11 on Rubber Products. 
ted for publication as tentative by Committee E-10 on Standards, September 28, 1935. 
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AS.T.M. DESIGNAT 


ION: D 429-35 T 


sation: E 4-35 T) of the American Society for Testing Materials! shall be 
used for measuring the strength of adhesion. The moving head of the 
machine shall travel at the rate of 1 in. per min. The machine shall be 
provided with a recording device to give the total pull in pounds at the 
conclusion of the test. A machine of not more than 10,000-lb. capacity 
will be found suitable in most cases. 
Grips 

3. The fixtures for holding the specimen in the testing machine will 
depend on the type of specimen but in all cases shall be provided with 
ball seats to permit proper centering of the load during test. Specially 
molded laboratory specimens shall be attached by means of threaded studs 
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4. The standard test specimen shall consist of a cylinder of rubber . 
entsoi 9.500 in. + 0.005 in. in thickness and 1.579 in. + 0.001 in. in diameter 


on the metal parts as shown in Fig. 1, but with specimens cut from produc- 
tion parts the clamp illustrated in Fig. 4 shall be used. 


jeneral ff having its circular ends attached to the faces of two metal plates each 
nerica? § 9.375 in. in thickness and of the same diameter as the rubber cylinder. 
a part § ‘The metal plates shall have smooth flat faces which shall be parallel in the | 
fnished specimen. The cylindrical shape is used to eliminate sharp 
comers and to give uniform distribution of the pulling force. The specified 
diameter which provides a cross-sectional area of 2 sq. in. and the } in. 


the 
4 thickness of rubber have been selected to provide as large a volume of 
wie tuber as advisable without introducing possibility of variations in cure 


and elongation which would affect the total pull required during test to 
cause complete separation of the rubber from the metal. 
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Laboratory Preparation of Standard Test Specimens 


5. For laboratory preparation of test specimens to be used for devel. 
Fao and control purposes, the procedure described in the following ; 
_ Paragraphs (a) to (e) shall be used: um 

(a) Circular metal parts of standard dimensions shall be machined - 


from rolled bar steel, S.A.E. No. 1020, each having on the back face a - 
round stud 3 in. in diameter and ? in. in length, threaded with 20 threads ™ 


per inch as shown in Fig. 3. The stud is used for attaching the test piece - 
to the loading fixture in the testing machine. The smoothly machined - 
Fic, 2.—Adhesion Test Specimen Attached in Testing Machine. Pr 

test faces of the metals shall be brass plated or prepared in accordance with 
: any method for securing adhesion which may be under investigation. ne 
(b) Unvulcanized rubber pieces shall be cut to dimensions of 1} in. in ru 
diameter and } in. in thickness so as to give maximum pressure of the Tl 
rubber against the metal surfaces during vulcanization (see Fig. 1). The de 
surfaces to be adhered shall be washed or treated in accordance with the di 
method being investigated. } 
; (c) The metal parts and rubber pieces shall then be assembled for se 
vulcanization in the mold shown in Fig. 3. The method of assembly is at 

illustrated in Fig. 1. The mold is so constructed that there is obtained 
after vulcanization approximately 0.0015 in. of rubber over the edge of the sp 
metal to eliminate tearing of the rubber during test from the sharp edgt Ir 


of the metal. Prior to vulcanization great care shall be taken to keep the 
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surfaces to be adhered clean and free from dust, moisture or other foreign 
material. The surfaces shall not be touched with the hands. 

(d) Vulcanization shall be carried out by heating the mold for a definite 
time at a controlled temperature in a hydraulic vulcanizing press. The 
time and temperature of cure shall be chosen according to the rubber 
compound used. At the conclusion of the cure, care shall be taken in 
removing the specimens from the mold to avoid subjecting the adhered 
surfaces to stress before the specimens have cooled. 

(e) After vulcanization the specimens shall be kept at room tempera- 
ture at least 24 hr. before being tested. 
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Mold Metal Test Piece 
_ Fic. 3.—Detailed Drawing of Mold for Adhesion Test Pieces. 


Preparation of Specimens from Production Parts 


un 


6. (a) For comparative tests of adhesion in production parts it is 
necessary to select a portion of the part such that a specimen consisting of a 
tubber piece sandwiched between two parallel plates of metal may be cut. 
The specimen shall be hollow-milled out of the production part and turned 
down to size. Whenever possible, the specimen shall conform to the 
dimensions of the standard specimen, namely, a thickness of rubber of 
2 in. and a diameter of 1.579 in., equivalent to a 2 sq. in. circular cross- 
section, for both rubber and metal. The metal plates shall be grooved for 
attachment in the grips as shown in Fig. 4. 

(b) In routine production testing, it is sometimes necessary to test 
specimens of different size and shape than those specified as standard. 
In such cases, the method of preparation shall be similar to that given in 
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Paragraph (a) but the test results secured shall not be compared with those 
obtained using the standard specimen. 
Testing Procedure 


7. The vulcanized standard test specimen or the specimen cut from a 
production part shall be mounted in the testing machine, using care jn 
centering and adjustment so that the tension shall be uniformly distributed, 
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Fis. 4.—Method of Testing Adhesion ‘When Sample Section Is Taken from Production 
Parts. 

A steady tension load shall then be applied at the specified machine speed 
until the rubber either separates from the metal surface or ruptures. The 
total load at the time of failure shall be recorded. In case of rupture iD 
the rubber, the strength of the adhesion bond is obviously not measured, 
but is shown to be greater than the strength of the rubber itself. Notation 
to this effect shall be made on the test report. It is usual, however, whet 
high-grade rubber compounds are used, for the failure to occur at the 


rubber-metal interface and the : maximum applied pull then truly evaluates 
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Check Tests 
8. Two tests shall be made and the average value taken if the results 
check within 100 lb. per sq. in. In the event that the two results fail 
to check within 100 Ib. per sq. in., three additional specimens shall be 
ested and the average of all five tests shall be reported. _ 


Calculation of Results 


9. The adhesion value shall be expressed in pounds per square inch 
and shall be calculated by dividing the tension load causing failure by the 
iginal area of the adhered surface which separates. With the standard 
specimen, the value is the load at failure divided by two. In case of rupture 
if the rubber, the value reported is the load at failure divided by the original 
cross-sectional area of the specimen. 


Report 

10. The report shall include the following: 

(a) The result calculated in accordance with Section 9. 

(b) All observed and recorded data. 

(c) Notation of the type of separation and statement of whether the 
results show true adhesion values or strength of the rubber. 

(d) A description of the specimen including statement of method of 
securing adhesion if known and notation of whether the specimen was 
molded in the laboratory or prepared from a production part. 

(e) Dimensions of the test specimen. Comparisons may only be made 

tween specimens of the same size and shape. 

(f) Date of manufacture or vulcanization, if known. 

(g) Time and temperature of vulcanization, if known. 


(h) Temperature of test room. 
(7) Date of test. _ 
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TENTATIVE METHODS OF TEST 


FOR 
FLEXING OF RUBBER PRODUCTS! 
_ A.S.T.M. Designation: D 430 - 35 T 

This is a Tentative Standard and under the Regulations of the Society is subject to ’ 

annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. De M 
IssuED, 1935.2 is ade 
Scope 


1. These methods are intended for use in estimating the omen ment 
ability of soft rubber compounds to withstand the effect of repeated flexing. J (Gen 
They do not apply to the testing of the material ordinarily classed as hard § Amer 
rubber. ‘They are not suited for use in purchase specification requirements § made 
both because correlation with service life is uncertain and because the : 
results from duplicate specimens do not check with sufficient precision. J of de 
No relation between the results of the tests and actual service performance J latter 
is given or implied. While not accurate measures, they do, however, yield 
data on which to base a judgment as to service quality and are widely 
used in research and development work. When properly applied and 


interpreted, the tests give comparative results of unquestioned value. 7” 
Types of Tests samp 

2. (a) Flexing tests are designed to simulate the continually repeated J toget 


distortions received in service by many rubber articles, such as tires, belts 
footwear and various molded goods. ‘These distortions may be produced J Belt 
by extending, compressing and bending forces or combinations of them. The ¢ 
effect of the distortions is to weaken the rubber until surface cracking or J Wise. 
actual rupture occurs. In the case of combinations of rubber with other belt s 
flexible material such as fabric, the effect may be evidenced by separation shall 
between the materials, caused either by breaking of the rubber or failure J Sisto 
of the adhesion or both. . caref 
(b) Flexing tests are, therefore, of the following two types: be 8.2 
Type I.—Tests designed to produce separation of rubber-fabric combi- be mi 
nations such as are used in belts and tires, involving controlled 
bending of the specimens. ' 

Type II.—Tests designed to produce flex-cracking on the surface ! 
rubber by either bending or extension as occurs in service with neces 


Tire 1 


1 Under the standardization procedure of the Society, these methods are under the jurisdiction of th > 
A.S.T.M. Committee D-11 on Rubber Products. this tes 
; 2 Accepted for publication as tentative by Committee E-10 on Standards, September 28, 1935. Analyti 
Tussion 
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parts such as tire treads and sidewalls, rubber soles and shoe ; : 
uppers, diaphragms, hose covers, etc. 
(c) These methods cover the following three test procedures using 
different types of apparatus: 


Method A. Scott Flexing Machine Test. 7 
Method B. De Mattia Flexing Machine Test. 
Method C. E. I. du Pont de Nemours and Co. Flexing Machine 

Test. 


The Scott flexing machine is used principally for tests of Type I, the 
De Mattia flexing machine for tests of Type II, while the du Pont apparatus 
is adapted to tests of either Type I or II. 

3. Except as may be otherwise specified in these methods, the require- 
ments of the Tentative Methods of Physical Testing of Rubber Products 
(General Requirements) (A.S.T.M. Designation: D 15-35 T) of the 
American Society for Testing Materials! shall be complied with and are 
made a part of these methods. 

4. In case of conflict between the provisions of these methods and those 
of detailed specifications or methods of test for a particular material, the 
latter shall take precedence. — 


| 
| 


Method A. Scott Flexing Machine Test? 


Type of Flexure 


5. The Scott flexing machine method is used to test for ply separation 
samples of belts, tires or other articles composed of plies of fabric bonded 
together by rubber compounds. 


Belt Test Specimens 


6. Test specimens selected from samples of belts shall be cut length- 
wise of the belt and their locations recorded. The seam area of a folded 
belt shall not be included in any of the test specimens and the folded edge 
shall be removed before cutting the specimens. ‘The specimens shall con- 
‘ist of four plies for routine tests, any excess plies being removed by stripping 
carefully so as not to weaken the remaining bonds. The specimens shall 
be 8.250 in. in length by 1 in. +z} in.in width. The actual thickness shall 


be measured and recorded. 


Tire Test Specimens 

7. Suitable test specimens cannot be cut from finished tires and it is 
hecessary to prepare special flexing pad samples as described in the following 


1See p. 1153, 


: Method A was originated by General Laboratories, U. S. Rubber Cc o. For further information respecting 
poder see W. A. Gibbons, “Flexing Test for Tire Carcass Stocks,” Industrial and Engineering Chemistry, 
== iy J Edition, Vol 2; No. 1, p. 99, January 15, 1930; also W. L. Sturtevant, “‘Rubber Power Trans- 
World, Vol. 83 Pelting, J Part IlI—Flexing Machine and Pynamometers for Testing Belting Quality,’ India Rubber 


1187 
t= 


1188 METHODS OF TEST FOR FLEXING OF RUBBER PRODUCTS 


Paragraphs (a) to (c) from the cord fabric and rubber compounds which 
are to be tested: 

(a) Building Unvulcanized Flexing Pad Sample.—Solutioned, frictioned 
or bare cord fabric shall be calendered with the rubber compound to a 
total thickness of 0.050 in. Six plies of this material shall be assembled 
using a hand roller so that the plies run in alternate directions. The first, 
third and fifth plies shall have the cords lengthwise and the second, fourth 
and sixth plies crosswise of the pad. Care shall be taken that the same 
calendered side of each piece is facing up and that each alternate ply crosses 
at right angles. The pad which then has a thickness of 0.300 in. shall be 
cut by means of a template and knife to dimensions of 4.94 by 7.94 in. 
The long edge of the template shall be held parallel with the lengthwise 
cords in the pad. 

(b) Vulcanizing of Flexing Pad Samples.—The flexing pad sample shall 
be vulcanized in a steel mold having a cavity measuring 5 by 8 by 0.325 in. 
Uniform compression shall be applied over the entire top surface of the 
pad. ‘This compression, together with slight stretching produced by the 
unvulcanized pad being cut slightly smaller than the cavity, ensures straight 
cords in the cured pad. In order to obtain the compression it is necessary 
to make up the difference between the pad thickness and the mold depth 
by means of filler layers of holland cloth or tin foil which are placed on 
top of the pad. These filler layers shall be added until the total thickness 
of the assembly, measured by means of a dial micrometer gage using a 
little pressure with the fingers on both sides of the gage foot, is 0.305 in. 
A sheet of rubber compound containing curing ingredients and measuring 
6 by 9 by 0.02 in. shall be placed on top of the flexing pad and filler layers 
over the cavity of the mold before the mold cover is placed in position. 
The total thickness of the material in the mold is then 0.325 in. and expan- 
sion will produce the correct pressure to make a compact, undistorted pad. 
The purpose of the top rubber layer is to fill the overflow space and seal 
the mold. In placing the flexing pad in the mold, care shall be taken to 
keep uppermost that side of the pad having the cords running crosswise. 
Vulcanization shall be carried out by heating the mold under pressure at 
a known temperature for the required time in a rubber vulcanizing press. 
After curing, the filler layers shall be removed and the pad allowed to cool 
and rest at a room temperature between 70 and 90 F. (21 and 32 C.) for 
not less than 36 hr. before being tested. Pads made in this manner shall 
be 8 in. in length by 5 in. in width and shall have a thickness of 0.275 to 
0.280 in. Any pads having wrinkled cords shall not be tested. 

(c) Cutting Tire Test Specimens.—Four strips each 8 in. in length by 
1 in. in width shall be cut from the tire flexing pad. On the first cut, 4 
strip 0.250 to 0.500 in. in width from the edge along the long side of the 
pad shall be semaves and discarded. Care shall be taken to cut the strips 
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— 
straight, with smooth edges and as closely to the exact width as possible. 
If reasonable care has been taken in preparing the pads and in cutting the 
specimens, there should not be more than five or six cut longitudinal threads 
showing on the two edges of a six-ply specimen. An excessive number of 
such cut threads indicates that many of the threads of alternate plies are 
not parallel. 


Number of Test Specimens 


8. At least five specimens from each belt sample or four specimens 
from each tire pad shall be tested and the results averaged. The accuracy 
of the final value may be increased by testing a greater number of specimens. 


| 


| 


Fic. 1.—Scott Flexing Machine with Five Hubs. 


Scott Flexing Machine 


9. The essential features of the apparatus, illustrated in Fig. 1, are 
as follows: The flexing machine shall have five hubs and be capable of 
testing five specimens at one time. Each hub shall be carried on a loading 
lever and shall rotate on suitable bearings. The test specimens shall be 
bent around the hubs having an arc of contact of about 135 deg. and the 
ends shall be gripped by clamps which are oscillated up and down by rocker 
ams driven through a chain of gears by a }-hp., 1750 r.p.m. motor. The 
action on the specimen shall be a flexing back and forth over the hub 
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while pulled taut by the loading lever and weight. The specimen shall 
have a travel in one direction of 2.625 in. and a full cycle travel of 5.259 
in. ‘The speed of operation shall be approximately 160 cycles per minute, 
the exact number of cycles in each test being recorded on a counter affixed 
to each rocker arm. The entire machine is approximately 50 in. high 
and occupies a floor space of about 26 by 38 in. 


Hub Size and Flexing Load 

10. Belt test specimens shall be run using hubs 1.250 in. in diameter 
and a 100-lb. flexing load. Cord tire specimens shall be run using hubs 
0.563 in. in diameter and a 100-lb. flexing load. 


Belt Test Procedure 

11. The belt test specimens shall be bent around the hubs with the 
pulley side of the belt against the metal and the ends clamped in the grips. 
The flexing load shall be then carefully applied without shock, the counter 
set at zero and the machine started. It shall be allowed to run until some 
fine particles dislodged by friction may be seen on the white plate beneath 
the hub which indicates that separation of the plies has started. Frequent 
inspection of the specimens undergoing test is imperative if reliable results 
are to be expected. When the first indication of ply separation appears, 
the counter reading shall be noted and thereafter the specimen shall be 
more closely watched and the frequency of the inspection increased to 
ensure proper determination of the end-point. When there is a clear 
separation across the width of the specimen it shall be considered to have 
failed. ‘The minimum counter reading for this failure shall be recorded as 
the end-point. Notation shall also be made as to the location of the 
separation. When a test is started, it shall be continued to completion 
without interruption. The machine shall not be stopped and allowed to 
remain inactive for any length of time and then started again. However, 
for examining the specimen, each hub may be released momentarily from 
its weight by means of the foot lever provided. None but experienced 
operators should make this determination. 


Tire Carcass Test Procedure 

12. The tire test specimens shall be mounted with the lengthwise 
outer ply cords against the hub of the machine and shall be tested in a 
manner similar to the procedure for belts (Section 11). In the case of tire 
specimens, after the specimen has been run about 10 min. a thick coat of 
molten caranauba wax shall be brushed on the outer side of the specimen 
at the flexing region. As soon as separation begins, the temperature of 
this section increases very rapidly and the wax melts. The melting of the 
wax starts with a small area and gradually spreads as separation increases. 
This serves as a warning that complete separation will occur shortly there 
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all # iter and eliminates the necessity of examining the specimen at frequent 

50 # intervals during the early part of the test. The interval between the 

ite, [meting of the wax (the time at which separation actually starts) and 

xed (§ wmplete separation across the specimen may not always be the same 
igh Note). 

Note.—A specimen with a short flexing life will show complete separation soon after 

the wax melts, whereas, a sample with a greater flexing life might require a time interval 


wo or three times as long. However, with specimens having similar flexing life, the 


t time interval between the melting of the wax and complete separation is fairly constant. 
Ler 


ubs Test Results 

13. The result of the test of any sample shall be calculated as the 
average Of the number of flexing cycles required to produce complete 
¢paration of each test specimen as determined from the counter readings. 


the 
ips. Method B. De Mattia Flexing Machine Test 
iter type of Flexure 
zs 14. The De Mattia flexing machine method may be used to test rubber 
a specimens for resistance to flex cracking produced either by extension or 
os | bending, depending on the relative adjustment of the stationary and 
. 7 movable grips and the distance of travel of the latter. The choice of type 
wi of flexure is optional (Note) but notation shall be made of the type actually 
) © J] used, giving full details of the relative positions of the grips and of the 
10 travel. 

. ' Note.—In choosing the type of flexure, it should be remembered that the phenomenon 
ave of flex cracking starts on the surface of the rubber and rapidly progresses inward as new 
1 as surface i is exposed. Since rubber is practically non-compressible but highly extensible, 

the rupture of the surface fibers in both types of flexure must come from disturbances due | 
the to elongation. The magnitude of the extension, however, may differ and the internal — : 
tion iistribution of force in the specimens is not the same in the two cases. The choice, there- 
‘ore, will depend considerably on the purpose of the test and the kind of service for which > 

1 to comélation of the test results may be sought. ; 
Ver. 
wo Test Specimens for Extension Flexing 


ced 15. When extension flexing is used the standard test specimen shall 
be the dumb-bell shaped tension specimen shown in Fig. 3 (Die C) of 
the Tentative Methods of Tension Testing of Vulcanized Rubber (A.S.T.M. 
Designation: D 412-35 T) of the American Society for Testing Materials.’ 
wise § The actual thickness shall be measured and recorded and results shall 
ina § oly be compared when obtained using specimens of substantially the 
tire ff same thickness. The specimens shall be prepared in the same manner as 
t of ff ‘or tension tests and special care shall be taken to avoid any surface im- 
men  perfections which might start the cracking. All specimens with irregu- 
eof Ff latities on any surface shall be discarded. On specimens cut from molded 
‘the Bf sheets, highly polished surfaces are very desirable. When buffing is neces- 


Ase Ch 'See L. V. Coops, Laboratory of Flex-Cracking Industrial and Engineering 
ere- ay Analytics Edition, Vol. 2, No. 1, p. 391, October 15, 1930 
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sary, as with samples cut from finished products, great care shall be exer. 
cised that the buffing is alike on all specimens which are to be compared. 


Test Specimens for Bend Flexing 


16. When the flexure is by bending, special molded specimens of the 
shape shown in Fig. 2 shall be used. The specimens shall have highly 
polished surfaces and shall be free from surface irregularities which might 
start the cracking prematurely. The minimum thickness in the circular 
groove shall be measured in thousandths of an inch and recorded. Results 
shall be compared only between specimens having thicknesses agreeing 
within +0.0015 in. 


Number of Test Specimens 


17. At least three specimens from each sample shall be tested and the 
results averaged. It is desirable, when possible, to test simultaneously 
with each set of specimens a set of control specimens of which the resist- 
ance to flex cracking is known. 


| 107/56" 
Fic. 2.—De Mattia Bend Flexing Specimen. 


De Mattia Flexing Machine 


18. The essential features of the apparatus, one design of which is 
shown in Fig. 3, are as follows: The machine shall have an adjustable 
stationary head or member provided with suitable grips for holding one 
end of each of the test specimens in a fixed position and a similar recipro- 
cating member for holding the other end of each of the specimens. The 
reciprocating member shall be so mounted that its motion is straight 1 
the direction of and in the same plane as the center line between the grips. 
The travel of the moving member shall be adjustable and shall be obtained 
by means of a connecting rod and eccentric having a minimum length rato 
of 10 to 1. The eccentric shall be driven by a motor operating at constant 
speed under load and giving 300 flexing cycles per minute. Provision 
shall be made for a maximum travel of the moving grips of 4 in. Tht 
capacity of the machine shall be such that tests at the same time may 
made on at least six and preferably twelve specimens. The grips shal 
hold the specimens firmly throughout the test and those on the reciprocatitg 
member may clamp each specimen individually to facilitate proper adjust: 


ection 
ymme 
flexing 
specim 


12 


be the | 


Adjustr 
20 
of the 
of the 
the me 
‘ary te 
will se] 
specim 
T he el 
One-for 
tubber 
(b 
ary an 
atm ar 
machir 
oa di 


| 
19. 
ad th 
axis of 
| 
| 
tad. 4 
of the specimens. 


Xer- 


ghly 
ight 
~ular 
sults 
-eing 


ich is 
stable 
one 
cipro- 

The 
in 
grips. 
-ained 
ratio 
istant 
vision 

The 
ay be 
shall 
cating 
djust- 


_ 


A.S.T.M. D 430-35 T 1193 


Clamping Specimens in Machine 

19. One end of the specimen shall be clamped in the stationary grip 
nd the other in the movable grip, care being taken to see that the long 
uis of the specimen is parallel to the direction of motion. The constricted 
yction or the circular groove of the clamped specimens shall be located 
ymmetrically midway between the clamps. The specimens for extension 
jexing shall be gripped only on the enlarged ends. In the case of the 
gecimens for bend flexing, the clamps shall grip each end over a length 
of 12 in. with the side having the circular groove so placed that it will 
te the outer surface when the specimens are bent. 


Fic. 3.—De Mattia Tester with Time-Switch for Starting or Stopping, 
Arranged with Specimens for Flex-Cracking Test. _ 


Adjustment of Machine 

20. (a) Extension Flexing.—F¥or extension flexing tests, the positions 
tthe stationary and movable grips relative to each other and the length 
of the eccentric arm and connecting rod shall be adjusted by trial so that 
the movable grip will approach the stationary grip } in. closer than neces- 
‘ary to relieve the elongation stress in the specimen and so that the grips 
wil separate a maximum distance sufficient to elongate the portion of the 
‘pecimen between the gage marks a predetermined and recorded amount. 
the elongation of the specimens between the gage marks shall not exceed 
ne-fourth of the ultimate breaking elongation. For highly extensible 
"ubbers a maximum elongation of 125 per cent is suitable. 

(b) Bend Flexing. —For bend flexing tests the positions of the station- 
‘ty and movable grips relative to each other and the length of the eccentric - 
‘m and connecting rod shall be adjusted so that during each stroke of the 
nachine the grips approach each other to a distance of 3 in. and separate 
0a distance of 3 in. 
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Duration of Test vulcan 
21. After adjustment of the apparatus and specimens is completed, ff (:) anc 
the machine shall be started and the time recorded. The test shall be § (a 
continued until, by frequent inspection, the appearance of the first minute § thickn 
sign of cracking is detected when the time shall again be recorded. The § srain « 
first cracking may be evidenced as either very fine hair-line cracks or as § packec 
slight pin holes. After this time, the specimens shall be observed very § oj the 
closely until the test is discontinued and the final time recorded when the § white} 
cracks have developed sufficiently to permit grading the degree of the § of the 
cracking in all specimens as described in Section 22. It is not desirable to flexing 
flex the specimens until actual complete rupture occurs when this can be mixing 
avoided. When testing specimens of which the flexing properties are 
pproximately known, the test may be run for a known predetermined 
~ number of flexure cycles after which the grading comparison shall be made. 


Test Results 

22. After conclusion of the test, the flexed specimens shall be removed 
from the machine and evaluated in sequence relative to the seriousness of 
the cracking by comparison with a standard scale of cracked specimens of 
the same type. The comparison shall be made by judging visually th 
length, depth and number of cracks. The standard comparison scale shal 
consist of ten specimens equally graded and numbered from No. 0, showing 
no cracking, to No. 10, which is completely cracked through. The fina 
result for a given sample shall be recorded as the average of the numbers 
so obtained from all of the specimens. The number of flexures required 
for the first sign of cracking and for the final result shall be calculated by 
multiplying the observed flexing time expressed in minutes by the flexing § taic? 
rate of 300 cycles per minute and shall also be recorded. ‘The test results (b 
shall be compared only between specimens of similar sizes and shapes import 
flexed in the same manner under identically the same conditions. shall | 


Method C. E.I.du Pont de Nemours and Co. Flexing Machine Test’ — 


Test Specimens for Ply Separation require 
23. Specimens for tests of Type I (Section 2 (b)) shall be prepared ® J fabri 

in Method A and described in Sections 6 and 7 (a), (b) and (c), except that Bat the 
they shall be cut to dimensions of 1 in. in width by 4 in. in length. There 


_ Test Specimens for Flex Cracking and 0, 
24. Specimens for tests of Type II (Section 2 (b)) shall be specially ne mac 
prepared from the unvulcanized rubber compounds to be tested. The} Numbe 
shall have a fabric base to prevent stretching during test and shall be strip 25 

1 in. in width by 4 in. in length cut at right angles to the grooves 1" § separa: 
1Method C was originated by Fisk Rubber Co. Laboratories. For further information respecting t crackin 


test see A. M. Neal and A. J. Northam, “Some Factors Affecting the Resistance to Flexing,” Jndustria ® " 
Engineering Chemistry, Vol. 23, No. 12, p. 1449, December, 1931. 934 
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wilcanized test slabs prepared as described in the following Paragraphs 
4) and (b) 

(a2) The unvulcanized stock shall be prepared in sheets having a 
thickness of 0.185 in. 0.003 in. A slab 4 by 73 in. shall be cut so that the 
gain of the stock runs parallel to the 4-in. side. The slab shall then be 
backed with a layer of frictioned belt fabric cut to the same size. The warp 
of the fabric shall be placed parallel to the grain of the stock. Semicured 
white letters may be placed along the side of the slab for the identification 
of the samples, which shall be subsequently cut out and assembled for 
flexing. Before vulcanizing, the stock shall be allowed to rest 16 hr. after 
mixing. ‘The slab and fabric shall conform to the following requirements: 

0.185 in. + 0,003 in. 


Weight of slab (1.15 sp. gr.), approximate 105 g. : 
Weight of fabric 


Total weight 
Overflow, approximate 


Raw Fabric, Silver Hard Duck: FIL_er 
Threads per inch 18} 
4 


crimp 4 per cent 
Strength (A.S.T.M. Grab Method),¢* 12-hr. 

exposure in an atmosphere having a 

relative humidity of 65 per cent at 70 F. 600 290 lb. — 
Thickness 


Frictioned Fabric (frictioned both sides): 


Weight per square yard 
Thickness 


*The Grab Method is described in Section 12 (b) of the Standard General Methods of Testing Woven 
Tettile Fabrics (A.S.T.M. Designation: D 39) of the American Society for Testing Materials. 


(b) The stretch is not taken out of the fabric, but this is of little 
importance since there is little stretch to silver hard duck. The fabric 
shall be frictioned on both sides with a conventional gum-friction com- 
pound. The slab shall be placed in the mold shown in Fig. 4 with the 
tubber side of the slab next to the mold corrugations and vulcanized as 
tequired for the particular compound. This produces a cured slab with a 
fabric backing 7.5 in. in length by 4 in. in width and 0.188 in. in thickness 
at the smooth portion and 0.233 in. in thickness at the corrugated portion. 
There are eight transverse “V”’ shaped grooves 0.156 in. (5 in.) in width 
and 0.045 in. in depth. The angle of the “V” is 120 deg. Notation shall 
be made of the time and temperature of vulcanization. 


Number of Test Specimens 


25. At least five specimens from each sample shall be tested in ply 


*paration tests or at least three specimens from each test slab in flex 
‘racking tests and the results averaged. The accuracy of the final value 
‘1934 Supplement to Book of A.S.T.M. Standards, p. 204. 
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may be increased by testing a greater number of specimens. Since the test 
is primarily comparative, a set of control specimens from samples of which 


the qualities are known should be tested simultaneously whenever possible 
Flex cracking results shall be compared only between specimens having 
thicknesses agreeing within +0.0015in. 
du Pont Flexing Machine ad 
26. The du Pont flexing machine, shown in Fig. 5, consists essentially 
of four pulleys around which a test belt is run. The belt shall be com. 
posed of test specimens acting as links held together with belt fasteners, 
The machine may be arranged as shown so that several separate belts 
made of test specimens may be run at the same time. Facing the front of 
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Fic. 4.—Mold for Preparing Test Specimens for du Pont Flexing Test. 


the machine, the upper left-hand pulley shall be driven by a }-hp. motor. 
This driving pulley shall have a speed of 930 r.p.m. The upper right: 
hand pulley shall be on a balance arm which supports a 15-lb. weight. 
The weight shall be 11 in. and the pulley 5 in. from the supporting pit, 
producing a belt tension of approximately 33 lb. The center and lowe 
pulleys are idlers. All pulleys shall be 3 in. in outside diameter and shal 
have faces 1} in. in width with 0.031 in. (3; in.) crowns and be mounted 
ball bearings. The bottom and center pulleys shall be on the same verti! 
line and their centers shall be 143 in. apart. The left-hand, or driv 
pulley, and the right-hand, or balance pulley, shall be located 6 in. on eithet 
side of the center pulley and 9 in. above it. The specimen belt shall ™ 
over the driving pulley, under the center pulley, over the right-hand, 


1 Blueprints of detailed drawings for the construction of this a tus are available from the Hat 
a quarters of the American Society for Testing Materials, 260 S. Broad St., Philadelphia, Pa. 
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The angle of approach to the pulleys shall be 14 deg. from the vertical. 
In order to determine when a belt breaks the lever arm shall contact a 
snitch which stops an electric clock. 


Test Procedure 
27. Twenty test specimens shall be formed into a test belt by means of 


balance pulley, and under the bottom pulley back to the driving pulley. . 
| belt fasteners! using six clips on one end of each specimen and five on the 


Yate Fic. 5.—Du Pont Flexing Machine. 

other. The belt fasteners shall be joined together with raw-hide pins 
ech 1.125 in. in length. If the number of specimens to be tested is in- 
sufficient, blanks of the same size as the specimens may be used. When 
completed, the belt should measure about 90 in. in circumferential length. 
The belt shall be placed on the pulleys and driven at a speed of 97 r.p.m. 
oa linear speed of approximately 8.75 m.p.h. Belts for ply-separation 
‘ests shall have the same side of the specimens next to the drive pulley,in 
ill cases and when the specimens are cut from rubber belting, this side’shall 


ttroit No. 5 belt fasteners are satisfactory. 
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be the pulley side of the sample. Belts for flex-cracking tests shall have 
the fabric base next to the drive pulley. Each specimen shall be flexeg 
three times with the face under tension and once under compression during 
each revolution. ‘The direction of rotation of the belt shall be changed 
every 12 hr. since this gives greater uniformity. Notation shall be made 
of the time of starting the machine. Flexing shall be continued and visual 
inspection of the specimens shall be made at periodic intervals until all 
specimens show some signs of failure when the test shall be discontinued 
and the time recorded. With ply-separation specimens, notation shall be 
made of the time of appearance in each specimen of the first indication of 
ply separation visible upon bending the specimen. Failure of ply-separation 
specimens shall be accepted when there is clear separation across the width 
of the specimen. With flex-cracking specimens, the failure is indicated by 
the appearance in the corrugations of small nicks or pin holes which soon 
increase in size until they become deep cracks, which may extend all the 
way across the specimen. The frequency of inspection of the specimens 
shall be sufficient to give a reliable measure of the failure of the specimen. 
If a specimen breaks prematurely, it shall be replaced with a blank and 
the test continued. 


28. (a) Ply-Separation Tests. —With ply-separation specimens, the 
result of the test for a given sample shall be calculated as the average of 
the total number of belt revolutions required to produce complete separation 
of each test specimen. Notation as to the location of the separation shall 
also be recorded. 

(b) Flex-Cracking Tests..-With flex-cracking specimens, the result of 
the test shall be evaluated as given in Section 22, except that the number ol 
flexures shall be recorded in terms of total belt revolutions at the end oi 
the test calculated by multiplying the observed flexing time expressed in 
minutes by the belt speed of 97 r.p.m. A detailed permanent record of 
the cracking in each specimen may be made by indicating on a suitable 
form the location, number and intensity of the nicks and cracks. Dots 
may be used for nicks and straight lines for cracks. Very light marks may 
be used for first indications with heavier marks to indicate increased depth 


and width of failure. 


REPORT 
Report 


29. For each of the three alternative methods of test, the report shal 
include the following: 


(a) The results of the test expressed in accordance with Section 18 
22, or 28. 


(6) 
deseri 
(c) 
(d) 
(e) 
| (f) 
(g) 
| 
| 
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(6) Statement of the purpose of the test and the method used, including 7 
,description of the specimen. 

(c) All observed and recorded data. a : 
(d) Description of the sample. 7 


(e) Date of manufacture or vulcanization, if known. 
(f) Date of test. 


(g) Temperature of the test 
Orei 
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firmly 


Tension and Elongation Testing Machines — orogre 
Types of Machines direct 
1. Textile testing machines for the determination of tensile strength  dicula 


and elongation shall be of one of the following general types: under 
Type A.—The pendulum type. 
Note.—In Type A machine the specimen is strained by a uniform movement of the 
pulling jaw or clamp to which one end of the specimen is attached, the other end being heli 5. 
in a jaw or clamp attached to a weighing device based on the principle of the pendulum. skein : 
Type B.—The constant specimen-rate-of-load type. not les 
Notr.—In Type B machine the load is applied to the specimen at a definite ar on Its 
of load per unit of time. 
Jaws fe 
‘Type A Machines 6 
2. (a) Machines of Type A shall be power-driven, or shall be operated § gayi 1 
in such a manner that the pulling jaw shall have a speed of 12 + } in. pet BF the Ja 
min., unless otherwise specified. less t] 
| (b) A machine shall be considered to be of proper capacity for a tes! being 
if, when the specimen breaks, the angle which the pendulum makes with § gai) 5 
the vertical is between 9 and 45 deg. minim 


(c) The minimum pitch diameter of drum for transferring the pull o 
_ the specimen to the pendulum shall be 2} in. 

(d) Machines of Type A shall be calibrated throughout the loading 
range of a 9 to 45-deg. swing of the pendulum from the vertical with weight: 
‘ of accurate amounts applied in an ascending order and under machi! 

conditions similar to those specified for the test under consideration. 


_ Type B Machines 
. 3. Machines of Type B shall be power-driven or operated in ait 


1 Under the standardization procedure of the Society, these specifications are under the jurisdiction of 
 A.S.T.M. Committee D-13 on Textile Materials. 
These Tentative Specifications are in effect a tentative revision of, and are intended to Superes 
a adopted as standard, the present Standard Specifications for Textile Testing Machines (A.S.T.M. Designa 
 D76-33), 1933 Book of A.S.T.M. Standards, Part II, p. 1198. 
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nanner that the load shall be applied uniformly at a rate not exceeding 
300 lb. per min. for fabrics and for material in the form of skeins. 


Note.—A calibration method will be developed and added later. a 
jaws for Fabric 


4. The jaws or clamps for testing a specimen of fabric shall have 
mooth, flat, metallic, gripping surfaces, with the edges rounded to a 
radius of not over ¢y in. to prevent cutting. One gripping surface shall be 
| hinged or swiveled, and the other shall be rigidly connected to the frame of 
| the jaw. ‘The pressure between the gripping surfaces shall be secured by 
| any suitable mechanical device so constructed as to grip the specimen 
imly before the testing load is applied and to prevent slippage during the 
progress of the test. ‘The dimension of all gripping surfaces parallel to the | 
direction of application of the load shall be 1 in.; the dimension an 


dicular to this direction shall be as specified for the particular type of test 
under consideration. 


Jaws for Skein 
5. In testing material in the form of a skein, the todos for holding the 


skein shall consist of cylindrical spools not less than 1 in. in diameter and 
not less than 1 in. in length, so supported that at least one can turn freely 


on its axis. 


Jaws for Individual Strand ao 


6. The jaws or clamps for testing an individual strand of —_ 
shall be of the flat grip type, or of the cylindrical or drum type. Those of 

the latter type shall be so designed that the strand shall pass around not 
less than 180 deg. of the circumference of the cylinder or drum before 
being clamped or fixed in the holding device. The length of the specimen 
shall be considered from center to center of the cylinders or drums. The 
minimum diameter of the cylinder or drum shall be 3 in. : 
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Scope 
1. These methods cover the test procedures for the determination of 
length, length distribution, fineness, immaturity count, and strength of Bor 

cotton fibers. 


Atmospheric Condition 

2. When it is specified that the operations shall be carried out in 2 angh 

_ “standard atmosphere,” an atmosphere having 65 per cent + 3 per cent ) 

relative humidity at 70 F. = 5 F. (21 C. + 2.5 C.) shall be considered oe 
satisfactory. rt 


LENGTH AND LENGTH DISTRIBUTION 


Preparation of Sample 
3. (a) For making each cotton fiber length array, a composite sampk § “?°" 
shall be prepared by taking 32 small tufts or pinches from the sample i pt 
ginned lint (usually 0.5 to 3.0 lb.) (Note), 16 tufts well distributed fror held 
each of the two sides. 
Note.—The method of selecting these samples from the gin box, from the variou : PI 
types of bales, or from mill products will depend on the purpose of the study andt of fit 
4 quantity of the supply of cotton. aspe 
(b) The two series of tufts shall be arranged in corresponding rows 
Each pair of tufts shall be combined, drawn, lapped in the fingers, an the f 
divided by splitting gently into two approximately equal parts, one of “ th 
which shall be discarded. ‘The resulting tufts shall be arranged in two lo pr 
series in corresponding rows. = 
(c) The process described in Paragraph (5) shall be repeated with eac! * 
a 


successive series containing the 8, 4 and 2 tufts. The two resulting tult: 
shall be combined, drawn and lapped in the fingers to form a composite tuft Sortir 
(d) The resulting composite tuft shall be gently cleaned of tras! | 


1 Under the standardization procedure of the Society, these methods are under the jurisdiction 180 c 
—_ A.S.T.M. Committee D-13 on Textile Materials. 
(1202) 
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neps, leaf, etc., and the fibers paralleled and straightened by drawing and 
lapping in the fingers. Care shall be taken to retain all the fibers except 
those of neps and tangled masses. In case neps and tangled masses consti- 
tute an appreciable proportion of the tuft the percentage by weight shall 
be determined and recorded. 

(e) The sample for sorting shall be obtained by separating from one 
side of this composite tuft a portion sufficient to weigh approximately 
75 mg. 

Atmospheric Condition 

4. The processes of sorting, measuring and weighing shall be performed 

ina standard atmosphere (Section 2). (Fibers sorted at relative humidities 


over or under 65 per cent will measure longer or shorter, respectively, than 
those sorted at 65 per cent relative humidity.) 


Sorting, First Transfer 


5. (a) The 75-mg. sample shall be carefully inserted into one field of 
combs (Note) so that it extends across the field at approximately right 
angles, and occupies a width slightly less than that of the fiber forceps. 


Note.—The method here described is especially adapted to the Suter-Webb duplex 
ton fiber sorter but with more or less obvious alteration in procedure may be carried 
t with two Baer sorters in tandem arrangement or with a Johannsen or other similar 
tter provided with two banks of combs. 


(b) With forceps especially constructed for this purpose, a small por- 
tion of the fibers protruding through the teeth of the comb nearest the 
operator shall be gripped by their free ends, gently and smoothly drawn 
out of the bundle, and transferred to the tips of the needles in the second 
lield of combs, the fibers being laid straight and parallel and approximately 
t right angles to the face of the first comb nearest the operator, their 
gripped ends being released as near this comb as possible. This deposit 
of fibers shall be carefully pressed down into the needles of the combs with 
aspecial presser devised for the purpose. 

(c) The process described in Paragraph (6) shall be continued until all 
ihe fibers are transferred, the lower combs of the first field being dropped 
s the work progresses. ‘Top combs shall be inserted whenever necessary 
lo prevent slippage of fibers not gripped by the forceps. Care shall be 
‘Xercised not to bind the fibers by the use of too many top combs, nor to 
press the fibers too tightly into the lower field, for each will result in the 
reakage of fibers during the transfers. 


Sorting, Second Transfer 


_ 6. The carriage of the machine shall be revolved through an angle of 
‘80 deg. and a second transfer made as described in Section 5, except that 
eater care shall be used in aligning the ends of the fibers. 
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Arraying the Fibers 

7. (a) The carriage of the machine shall again be revolved through an 
angle of 180 deg. and successive small “‘bites” or pulls taken from the 
extended tips of the fibers and placed individually in successive order and 
at short intervals of separation on black velvet-covered boards, the opera- 
tion being continued until all the fibers in the bundle are so transferred, 
All pulls shall be laid on the boards as straight as possible, with the ends 
clearly defined to permit of easy measurement. (Careless transfers and 
excessive slippage of fibers from the bundle will result in pulls with ragged 
and uneven ends which are very difficult to measure.) 

(6) The number of individual pulls laid on the velvet boards in a 
complete fiber length array shall be not less than 50 nor more than 100 for 
short staple cotton (less than 1}-in. staple) and not less than 80 nor more 
than 125 for long staple cotton (1}-in. and longer staple). 


Measuring 

8. Beginning at the long end of the array, the lengths of the successive 
pulls on the velvet boards shall be measured to the nearest 4 in. The 
measurement shall be recorded and the pulls classified by their mid-point 
lengths expressed in sixteenths of an inch. For example, 1% in. would be 
the length recorded for all pulls falling within the class interval of } to 
14 in., while 7; in. would be the length of all fibers shorter than 3 in. 


Grouping and Weighing 

9. The pulls on the velvet boards shall be grouped according to their 
mid-point length, as established during measuring (see Fig. 1), and weighed 
to the nearest 0.05 mg. on a torsion or chemical balance graduated t 
0.05 mg., and the weight of each group shall be recorded. 


Calculations 

10. (a) The weights for each length group from two or more arrays 
shall be added for each group. (See Fig. 2.). From these data, calculations 
shall be made for the percentage by weight of the fibers in each }-in. length 
interval, and for the cumulative weight percentage beginning with th 
longest fibers. 

(b) The central tendency of the fiber distribution shall be expressed 
in terms of the upper quartile length (length at the 25 per cent point on the 
cumulative weight percentage-length curve beginning with the longest 
fibers), and may also be expressed in terms of modal, mean, median, 
percentile length. 

(c) From the basic data, also shall be calculated the statistical measur¢ 
known as the mean (weight frequency) length and standard deviation; 
from these determinations, the coefficient of fiber length variability (the 
standard deviation expressed as a percentage of the mean) is calculated 1? 
indicate the degree of variability of fiber lengths or the concentration of 
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fors Wo. 2 Key Ho. 
FIBER LENGTH DISTRIBUTION AND Sample No. 
Project No._ 22 CALCULATED STATISTICS Bale Wo. 
problew No. Type No. 
= 
Mid-point Classers' Length No. arrays av'd 
Groups — Position of Classers’ Length in Array 
. Length in Inches at Position from Longest Fibers 


= 
39 /16 = 


z1/8 
= 20/16 « 7.250 
/16 = 
x 1/8 
/16 = 
x 
/16 = 
x 1/8 
Var. of Middle 80% of the Fibers 
Var. of Middle SO% of the Fibers 


19.03 ~ 


ale 


Mean Length = s 
8 16 


(3.D.)* = 283 - - 


S. D. (Standard Deviation) 


Coef. of Var. = S.D. x 100 = 
Mean Length 


edian _Mod@ Skewness _Kurtosis 


Sorted by A Checked by 
Means (Sz) | Cale. by under 


* Upper quartile length. 


Fic. 1.—Facsimile of Record Form with Data and Calculations for a Single Cotton 
Fiber Length Array. 


Tora Wo. 2 Key Ko. 
s le No. 

Project No. 22 COTTON FISER LENGTH DISTRIBUTION AND 

CALCULATED STATISTICS Type No. 


eo No. 
Cumul. Wt. Percent __Iclassers’ Length _No. Arrays Av'd 


Bottom Second [Position of Classers' Lengta in Array _ 
Point Sum Length in Inches at Position from Longest Fibers; 


Weigut 
Percent 


2°/16 = 7250 
1/6 0 sos AIST 


“14 
x 1/8 0.002 1252 
ay 


2.63 | 423 4.23 | 423 
42.63 S93 2.39 | var of Middle 80% of the Fibers 67.7 


| 

= | 25-33" | 33 77 var. of Middle 50% of the Fibers 27.3 
53/3 | 86 7 
| /7.29 70.42 27 Mean Lenzta 1 o tu, 
| 6.30 320.80 (s.D.)? = 25, - 3, - 

3.60 BSF. 57 409. 3/ 

‘733 91 wos. 2b S. D (Standard Deviation) 2 O.90F 
2.66 SIS Coef. of Var. = S.D. x 10 29.25 4 
SIS | 2.79 97 Yo 693 27 Mean Lengta 
oF 98 Med ian/./97 Mode Sk Kurtosis 

44. 00. B92 /2 

? Sorted ty ABC Checked ty SACS. 
2/37 19 \/00 vo | 12 16 Weigned ty Graphed CBA 


Calc. by CAB under Projece 


0.004 69/75/90 | yoans |%.92/2 


* Upper quartile lengta. 


Fic, 2.—Facsimile of Record Form with Combined Data and Calculations for the Average 
of Three Single Cotton Fiber Length Arrays. 
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their frequencies. ‘The larger the figure for the coefficient of variability, 
so calculated, the greater the variability of the fiber lengths in the sample. 


I’ INENESS 
Sampling 


11. (a) ‘The fibers for test shall be taken from not less than two length 
arrays prepared by the method described in Sections 3 to 9. The two or 
more assembled groups of corresponding length identifications shall be 
gently and thoroughly mixed and parallelized by successively pulling and 
lapping them between the fingers, the pulls in the final process being super- 


Torm No. 18 MEA! WEIGHT P™R TYCH AND VARIABILITY 
Project 22 Problem Mo. Problem Title in Gunning Sample No. 039207 
Feight Yo. of Mt,/tn. | Deviation fibers 


feight of 100 
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th | _16P 
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6733 


Sampli 


Extracted Weiphed 
Classers' Lencth 2.00 w | ty wut fo 


Lenzth at 25% voint Zot date | date 


Asewned mean J/.00 Verience _ Calce. Checked 
Correction (C) 1.005" Standard Deviation 0002F ty tw Cord 
True Meen 2 Coefficient of variability paralle 
Fic. 3.—Facsimile of Record Form with Data and Calculations for Determination ol ent ¢ 
Cotton Fiber Fineness. (I 
TOSCO 


imposed in the hand with one end of the fibers at right angles to a common 
base line. 

(b) One or more small tufts shall then be removed from the free end 
of the bundle and discarded. One or more thin fringes of fibers shall be 
withdrawn gently from the remaining portion of the bundle and laid in this 
condition on a board covered with black velvet. 

(c) Two sets of 100 fibers each shall be counted out, starting at one 
side of the bundle and taking successive fibers. 

(d) The operations described in Paragraphs (a), (b) and (c) shall be 
repeated for each identified length group throughout the array, with the 
exception of the }; and ;%-in. groups, and as many of those beginning a! 
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he long end of the array as may be too small to yield two sets of 100 fibers _ 
each. 
\tmospheric Condition 
12. All weighings shall be made in a standard atmosphere (Section 2) _ 
nd not until after the samples have been conditioned for at least 2 hr. in 7 
sich an atmosphere. 
Weighing 
13. Each group of 100 fibers shall be weighed to the nearest 0.01 mg. 
na torsion or chemical balance graduated to 0.005 mg. (See Fig. 3.). : 


Calculations 
14. (a) The average weight of the two corresponding groups of 100 
fibers of each length identification shall be calculated and the mean fiber 
weight per inch determined. 
(b) The fineness of a sample shall be the mean fiber weight per inch 
for the entire sample and shall be determined by mathematically weighting 
the weight per inch value for each length group on a basis of its contribu- 
tion of fiber length to the total fiber length of the combined length arrays, 
and calculating the weighted mean. 
(c) The coefficient of variability (standard deviation expressed as a 
percentage of the mean) of fiber weight per inch in the different length 
soups shall be determined, using the same frequency basis as for the mean 
iber weight per inch for the sample, as in Paragraph (0). 
IMMATURITY COUNT 
Sampling 
15. The test shall be made on the two sets of 100 fibers each, counted — 
ut for each length group as described in Section 11. 


Mounting 
16. (a) The fibers shall be straightened, and placed eg ll 


2 

44 
= 


parallel on a glass slide, covered with a cover slip and flooded with 18 per 
cent caustic soda. 


(b) The mount shall be placed on the mechanical stage of the mi- 


Examination 


17. The fibers shall be examined near their mid-portion at a mag- 
ication of approximately 100 diameters. 


Counting and Classifying 


18. (a) As successive fibers come into view they shall be counted, and 
i¢ number of thin-walled or immature fibers in each set determined. 
see Fig. 4.) 
| (b) For the purpose of this test, thin-walled or immature fibers are 
tose that upon treatment with 18 per cent caustic soda exhibit many 
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spirals. (Figure 5 shows photomicrographs of thin-walled or immature 
fibers as compared with medium and thick-walled fibers. The appearance 
of these fibers before and after treatment is shown for purposes of reference. 
Calculations 

19. (a) The number of thin-walled or immature fibers of the two 
groups of 100 fibers each shall be averaged for each length group. 

(b) A weighted mean of these values, based on the relative number of 
fibers in each length group of the combined length arrays, shall be cal- 
culated for the sample, and shall be the immaturity count. The relative 
number of fibers i in each length group of the length array shall be calculated 


[Fore Ho. 19 WALL DEVELOPMENT TYPES - MEAN PERCENT AMD VARIABILITY 
Project Probles Ko. Problem Title of Drying Jemperaiurs Sample Wo, 3177 


Nall Type = Rel. Thick-walled Thin 

Bo. 
Fiber (4) | (fa) (a) | (£4) | (£44) 

° ° ° (ft) 


2480 


Thick-walled Thin-walled Calc. for Wall Types * Calculates 
Assumed Mean Assumed Mean _/6.00 27.69 All fiber types 100.00% 
Correction Correction (€)*/v0 (C)* 496 Thin-walled 
True Mean True Mean _977.79 25°73 Thick- and Med.-walled 
Standard Error (Mean) Standard Error (Mean) Thick-walled 
Stancard Deviation Standard Deviation Sor || Medium-wal led date 2a 
Coef. of Verieabilitz Coef. of Variability 22. 


| Classers’ Lengtb_ Length at 2% point _ Piber types. observed | by y tater O€ datez 


Fic. 4.—Facsimile of Record Form with Data and Calculations for Determination of the 
Immaturity Count. 


from the combined weight of the length group and the weight per fiber (see 
Sections 9 and 13). 
(c) The coefficient of variability (standard deviation expressed as 4 
percentage of the mean) of fiber immaturity count in the different length 
groups shall be determined, using the same frequency basis as for the meat 


icitilie count of the sample as in Paragraph (0). 


STRENGTH 
Atmospheric Condition 


20. Sampling, combing, wrz wrapping and breaking shall be nerteoneil in a 
standard atmosphere (Section 2) and not until after the samples have been 


conditioned for at least 2 hr. in such an atmosphere. - 
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ature sengling 
France 21. (a) A small handful of cotton shall be removed carefully from the 


nce.) B «signal sample (see Note, Section 3 (a)), divided into two approximately 
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Courtesy of U. S. Department of Agriculture 
| as a 5.—Coarse and Fine Fibers of Different Degrees of Maturity Before and After Treat-— 
length ment with Caustic Soda (x 225). 


Specimens a, b and ¢ represent thick, medium-thick, and thin-walled fiber types, respectively, from a 
* American upland cotton, staple length 3 in.; g, h and i, the same fibers as a, b and ¢ after treatment 
® per cent caustic soda solution. 
ecimens d, e and f represent thick,, medium-thick, and thin-walled fiber types, respectively, from a fine 
wth meee onion staple length 1 in.; j, k and é the same fibers as d, e and f after treatment with 
ustic soda. 


dina § ‘Wal portions by pulling apart in the hands, and the portions superimposed - 
> been "th their broken surfaces coinciding. 
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7 1210 METHODS OF TEST FOR PROPERTIES OF COTTON FIBERS 


(b) From the broken surface of the sample, three to four pulls shalj 
_ be drawn out with the hand and combined. (See Fig. 6 (a).) 
(c) The operations described under Paragraphs (a) and (6) shall be 
repeated for each of the ten bundles required for the complete test. 


eack 
Wra 


Combing 


22. (a) Two stationary combs shall be used, a coarse comb about 
2.5 in. in width with needles 0.025 in. in diameter at the base, 0.5 in. in and 
length, and 16 needles to the inch, and a fine comb 2.0 in. in width with 
needles 0.015 in. in diameter at the base, 0.5 in. in length and, 48 needles 
to the inch. 


devi 


bun 


= Courtesy of U. S. Department of Agriculture 
Fic. 6.—Stages in the Preparation of the Chandler Bundles. 


(b) The fibers shall be carefully straightened and paralleled by grippin: 
the tuft of fibers (see Fig. 6 (a)) near its center with the thumb and fore 
finger and combing thoroughly. ‘The outer edge of the tuft shall be draw 
through the coarse comb and the action gradually advanced toward thi 
center of the tuft, using fifteen strokes through the comb. ‘The tuft thet 
shall be reversed, the combed end grasped about } in. inside of the combet 
- position, and the other end combed fifteen times, the combings being 
discarded. 

(c) The roughly prepared bundle shall be more completely combe: § opp 
by drawing each end through the fine comb 20 times, after which the bund! 
shall be adjusted in size by separating as many fibers from the side as m4) 
be necessary to give a wrapped bundle with a corrected circumference withit 
the range 0.115 to 0.135in. (The correct range of circumference may easily 
be attained with the aid of a torsion balance of a 50-mg. capacity.) 
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(d) The bundle then shall be finished on the fine comb by stroking 
each end fifteen times. 


Wrapping 

23. (a) Each bundle shall be wrapped by means of a special wrapping 
device and process. (See Fig. 7). 

(b) The bundle shall be inserted in a special clamp (see Fig. 6 (c), (d), 
and (e)), and the fibers straightened by gently pulling on each end of the 


bundle. 


ricullure 


ripping 
id fore: 
drawn 
ard the 


ft then 
combed Courtesy of U. S. Department of Agriculture 


s being Fic. 7.—Wrapping Device with Bundle in Jaws and Weights Suspended. 


. (c) Each end of about 20 in. of No. 20 sewing thread shall be tied to 
combet opposite ends of the bundle near the sides of the clamp. (See Fig. 6 (e).) 
- bundle (d) The bundle, still in the clamp, shall be transferred to and fastened 
as ma} ecurely in the wrapping device. 

e within (e) The bundle shall be stretched lengthwise by tension from a 10-Ib. 
y easly | weight suspended over a pulley. The bundle clamp then shall be removed 
and a 4-Ib. weight suspended and allowed to hang freely i in the loop « of the 


wrapping thread. 
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(f{) The handle of the wrapping device shall be turned about a dozen 
turns, care being exercised to hold the two threads slightly apart with the 
fingers of one hand in order that the thread will pack closely during suc. 
cessive turns of the bundle. The handle shall be stopped at an index on its 
shoulder and the position of the weight hanging freely in the thread shall 
be recorded. (See Fig. 8.) 

(g) The wrapping shall be continued exactly ten revolutions of the 
handle, the threads again being held apart slightly, as before. The fingers 
then shall be removed from the thread and the new position of the suspended 
weight recorded. 

(h) The wrapping shall be continued until the threads meet near the 
center of the bundle and reverse their course along the bundle. A pencil 
mark shall be made where the two threads meet. Finally, wrapping shall 
be continued until the threads reach the sides of the wrapping jaws. 


TABLE I.—CorrECTIONS TO APPLY TO MACHINE BREAKS FOR COTTONS OF 
DIFFERENT STRENGTHS. 


Deviation of Corrected Average Machine Break in Pounds of Bundles Corrected to 0.125-in. Circumference 
Circumference from 
Standard, in. 


80 lb, | 85 1b. | 90 Ib. | 95 Ib. | 100 Ib. | 105 Ib. | 110 Ib. 120 Ib. 


1 
3 
4 
5 
7 
8 
9 
10 
12 
13 


@ Bundles smaller than standard circumference require the corrections to be added; those larger than standard require the 
corrections to be subtracted. 


(t) The two weights shall be removed. The loop of the thread shall 
be cut in the center and each end tied around its respective bundle end. 


Breaking 


24. (a) Breaking jaws specially designed and constructed for the pur- 
pose shall be used in this test. The essential feature of the jaw is a slot 
. into which is pressed a piece of hard sole leather. A lengthwise groove is 
made in the center of the leather by partly impressing a wire of 7g in. in 
diameter. 

(b) With the special jaws (Paragraph (a)) set so that they are 
contact, each bundle shall be placed in them so that the mark near the 
center of the bundle coincides with the point of contact of the jaws. 

(c) Each bundle, so clamped in the jaws, shall be placed in a tension 
testing machine with a capacity of 300 lb. and the bundle broken with the 
pulling jaws moving at the rate of 12 in. + } in. per min. Only a break that 
is sharp and at the mark on the bundle shall be considered to be successlul. 


COTTON FIBER STRENGTH BY 
IMPROVED CHANDLER BUNDLE METHOD 


ORIGINAL FOR COTTON FIBER STRENOTH 
BY IMPROVED CHANDLER BUNDLE METHOD 
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METHODS OF TEST FOR PROPERTIES OF COTTON FIBERS 


Calculation 

25. (a) The corrected circumference shall be calculated by obtaining 
the difference in the two scale readings, dividing this result by ten, and 
then subtracting 0.023 in. (correction for thread diameter). (See Fig. 9.) 

(b) Each machine break shall be corrected to a bundle of standard 
size (0.125-in. circumference) by recourse to the accompanying Table I. 
The proper column to use in Table I is determined by calculating the average 
of the ten machine breaks and the average of their corresponding circum- 
ferences and adding or subtracting 1 lb. for each deviation of 0.001 in. 
according as the average size is smaller or larger, respectively, than stand- 
ard. If the average circumference deviates more than 0.001 in. from the 
standard, a second approximation shall be made. 

(c) The strength per square inch of each bundle shall be obtained by 
dividing the corrected machine break by the cross-sectional area (0.0012434 
sq. in.) of a bundle of standard size. (This may be conveniently obtained 
by reference to a prepared table or chart.) 

(d) The strength of a sample shall be the average strength per square 
inch as obtained from ten successful breaks. 
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TENTATIVE METHODS FOR THE IDENTIFICATION OF 
FIBERS IN TEXTILES AND FOR THE QUANTITATIVE — 
ANALYSIS OF TEXTILES! 


A.S.T.M. Designation: D 276-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Head- 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


IssSUED, 1927; REVISED, 1929, 1930, 1931, 1933, 1935. 


METHODS FOR THE IDENTIFICATION OF FIBERS IN TEXTILES? 


Successful identification of the fibers used in textiles depends upon 
experience and familiarity with the fibers. The ultimate test of the diagnosis 
of an unknown is comparison with a known standard sample. It is not only 
desirable but necessary for the analyst to have authentic samples of the fibers 
likely to occur in the textiles he is called upon to analyze. 

The key used in these methods is not concerned with describing the fiber 
but rather with pointing out for each group of fibers and finally, within the 
group, for each fiber, that particular characteristic or group of characteristics 
by which the fiber differs from similar fibers. Often this is a minor detail of 
structure, or staining reaction. Occasionally, it is somewhat subjective, but 
an effort has been made to choose objective characteristics which will be evident 
to all observers. For the benefit of those unfamiliar with the use of a key it 
should be said that the arrangement is necessarily artificial. Groups are 
established on the basis of similarity and dissimilarity for convenience only, 
and without regard for chemical, biological or industrial relationships. 

The “keying out” of an unknown is simply a matter of elimination. In 
every division and subdivision of the key there are two alternatives both num- 
bered or lettered alike. It is necessary to reject one and to accept the other as 
descriptive of the fiber in question. It is quite possible that neither phrase 
‘xactly describes the fiber, but it is necessary to make the best choice between 
the two and to follow through the entire key, step by step, in the same manner. 
A decision should never be made as to which group the fiber belongs until both 
lescriptions under that designation have been considered. Except where 
definitely stated, descriptions are of ultimate fibers rather than of “technical” 
ibers or fiber aggregates. For adequate study of these a microscope is necessary, 
and for analytical purposes a magnification of 100 diameters is most satisfactory. 


_ Under the standardization procedure of the Society, these methods are under the jurisdiction 
‘the A.S.T.M. Committee D-13 on Textile Materials. 
* Attention is called to the Photomicrographs of Common Textile Fibers appearing in Appendix 
f the volume of “‘A.S.T.M. Standards on Textile Materials,’ p. 188; available as a separate 


lication, October, 1935. Photomicrographs of Rayon Fibers appear on pp. 1243 to 1247. ; 
(1215) 
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The technique of mounting fibers for microscopical examination is relatively 
simple, but experience brings proficiency and speed. ‘To remove dyes, natura] 
or applied oils, starch, sizing, and other materials it is advisable to begin by 
heating the fibers in a dilute solution of caustic soda (0.5 per cent). Because 
wool and hair are quickly disintegrated in hot caustic, care shall be taken to 
shorten the cooking in such cases. In examining fabrics this step is often not 
necessary. In vegetable fibers prolonged boiling is beneficial in breaking up 
the fiber bundles and larger aggregates so that the ultimate cells can be 
separated. Since most stains are indicators, it is necessary that all caustic be 
washed from the sample before proceeding further with the tests. Rubbing 
and squeezing between the fingers under running tap water is sufficient. Small 
samples of the fiber shall be placed on a slide and teased apart with needles, 
Too much material on one slide renders adequate separation difficult. It 
cannot be too strongly emphasized that a just and impartial consideration of 
the material must be based on single fibers and their minute configurations 
rather than on a confused mass of fibers. Moreover, several small samples 
taken at random from various regions of the material give more representative 
results than a single sample. Most stains take better if excess moisture has 
been blotted from the fiber with filter paper. ‘To be sure that all fibers are 
stained equally they shall be stirred on the slide with needles. The most 
satisfactory examination of stained fibers is by transmitted light. Constant 
adjustment of the focus discloses the lumen and other structural features 
which may otherwise escape notice; and decreasing the intensity of the light 
by means of diaphragm or condenser adjustment is sometimes a revealing 
manipulation. It is worth while to notice extraneous materials which occur 
with the fiber. The presence or absence of epidermal cells, spirals, hairs, 
unusual configurations in cell groups or fiber bundles is often a clue when other 
features are less distinct than usual. An experienced fiber analyst has always 
in mind certain associations which though of no technical value, are to him, 
personally, dependable means of identification. 


REAGENTS 


The following reagents will be required: 
Aniline Sulfate 

Aniline sulfate 

Distilled water 

Sulfuric acid (10 per cent solution) 


Hemp stains yellow; linen is unstained. 


Diphenylamine Solution 
Concentrated H.SO, 
Glacial acetic acid 

_Diphenylamine 

Hahn’s Solution 

Solution A: 

Picric acid 
Distilled water 
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Soluiton B: 
Soluble Blue 2B Extra (Color index 707) 
Eosin (Color index 768) 
Tannic acid 


0.2 
has cooled) 


Mix solutions A and B in equal parts for rayon tests. 
Herzberg’s Solution 
Solution A: 

Zinc chloride 

Distilled water 

Specific gravity at 28 C. should be 1.8 
Solution B: 

Potassium iodide 


Add solution B to solution A, stir; let stand overnight; decant 
from sediment; add a leaf of iodine; keep in dark bottle. 

A good general stain for all fibers. Linen, cotton, hemp, ramie 
are stained red; jute, phormium, sisal and other lignified fibers, 
yellow. De-lignified fibers and cellulose cells are stained blue. 


Herzog’s Cyanin 


Saturated alcoholic solution of Cyanin Blue (Color Index 288) .... 80 ml. 
Distilled water 


Apply hot to fibers; mount fibers in concentrated glycerine. 
I'lax fibers are unstained; hemp fibers are blue. 
Millon’s Reagent 


Dissolve mercury in an equal weight of cold fuming HNO, (sp. gr. 1.4), then 
apply moderate heat. 

Dilute solution with 2 volumes of water. 
Picric Acid 


Brings out surface scales on animal fibers, especially =e and 
mohair. 


ABRIDGED KEY FOR Common FIBERS 


The fibers commonly met in textile fabrics are cotton, linen, 
jute, rayon, silk and wool. A few simple tests will identify these, 
but it is advisable to confirm the diagnosis by other tests rather than 
to rely on one identification only. 
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__ A. As a preliminary test, burn a few individual fibers by applying a 
_ flame to their ends. 
_ Odor of burned feathers or hair; knob forms on end 


Odor of burned feathers or hair; ash retains shape 

Weighted Silk (see a). 
Distinctly aromatic odor, somewhat acrid; knob 

Acetate Rayon (see b and c). 
Odor of burned paper or straw; ash shapeless; 

Other Rayons, Cotton, Linen 

or Jute. 


B. Immerse fibers in an aqueous solution of caustic soda (0.5 per cent) 
and bring the solution to a boil. Wash thoroughly by squeezing and 
rubbing between the fingers under running tap water. ‘Tease the 
fibers apart on a slide, blot off water with filter paper. Stain with a 
few drops of Herzberg’s solution. Examine under magnification of 
100 diameters. 
1. Fibers yellow, white or 
2. Fibers distinctly pointed at ends, with narrow lumen; 
2. Fibers of indeterminate length, with cut ends......... _ 
7 3. Fibers fine, sometimes flattish, of varying diameters, 
transparent, without cellular structure......... 4, 
4. Fibers with longitudinal striations, and sometimes _ _ 
with paired parallel lines in a diagonal direc- ae 
tion (imprint of one fiber across another)... Wild (Tussah) Silk (see 
a). 
4. Fibers with fine diameters, without markings... . Cultivated Silk (see a). 
3. Fibers larger, rod-shaped, with prominent scales. ... Wool (see a and d). 


_ 5. Fibers cylindrical, pointed at ends, with cross _ 
marks on surface; swollen nodes, and 
5. Fibers lacking above characteristics.......... 6. 
6. Fibers flat, more or less ribbon-like, fre- 
quently twisted, with broad lumen... . Cotton (see e). 


6. Fibers without any lumen, straight........ Rayon 7. 
7. Fibers with distinct longitudina! stria- 
tions on the surface............... Viscose. 
7. Fibers without striations............... 8. 
8. Stain with Hahn’s solution. Fibers 
(see f). 
9. 
Cellulose Acetate Rayon 
(see b and ¢). 
9. Fibers blue or colorless........... Cuprammonium Rayon 
(see g). 
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a) Millon’s reagent colors true silk fibers (or other animal fibers such as wool, 
mohair or fur) pink. Vegetable fibers are not stained. 
b) Cellulose acetate rayon is dissolved in acetone; other fibers are not affected. 
¢) Cellulose acetate rayon is dyed yellow in picric acid; other rayons wash out 
white. 
j) Surface markings, scales, etc., on wool fibers become more pronounced when 
fibers are stained with 1 per cent picric acid containing sodium hydroxide. 
t) Untwist the thread until a single dry fiber is exposed. Moisten the tip between 
thumb and finger; observe with a hand lens, as follows: 
Fiber tip curls clockwise 
Fiber tip curls counter-clockwise 
f) Nitrocellulose rayon dissolves to give a deep blue coloration when tested dry 
with a solution of diphenylamine in sulfuric acid. 
zg) Cuprammonium rayon is dyed deep orange in 0.2 per cent solution of Erie Fast 
Orange C. G. (Color index 621); other rayons are white or weak orange. 7 


ANALYTICAL KEY FOR IDENTIFICATION OF FIBERS 
Touch end of fiber to a flame: 


Fiber does not burn.........................Mineral Origin I. 
Fiber burns with characteristic odor of burning feathers or 


Animal Origin IT. 
Fiber burns with characteristic odor of burning paper or 


Vegetable Origin III. 
|. Fibers of Mineral Origin: 


Asbestos, confirm by microscopical examination. 


Il. Fibers of Animal Origin: 


2. 
2. Fibers with diameters tapering from base to tip Bristles 3. 
3. Bristles dark, with pronounced white band short 
distance back of tip; tips not flagged Badger Bristle. 
3. Bristles same color throughout, with a knob fre- 
quently visible at butt ends where hair was _ 
pulled from follicle; tips flagged Hog Bristle 4 
4. Bristles hardly more than 1} in. in length; vari- 
colored; frequently curved; irregular as to 
length and diameter Domestic Hog Bristle. 
4. Bristles longer than 1} in., of rather uniform 
5. Bristles all white, or chalk white Bleached “(French)” 
Bristle. 
5. Bristles black, yellow, or grey (black and a 


|. Fibers coarse, more or less shiny, wiry; usually found in _ 


6. Bristles 4 in. or longer, stiff, coarse, much 
flagged, usually grey or yellow Russian Bristle. 
6. Bristles a all black, 4 in. or shorter ter...... Chinese 7. 
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7. Bristles black, rather soft, often with 
flagged end clipped off............. Chungking Bristle. 
7. Bristles with flagged ends never clipped.8. 
8. Bristles very fine, soft, usually not 
8. Bristle not so fine, longer............ Hankow Bristle. 

2. Fibers with rather regular diameters throughout; little or 
no taper; tips not flagged; hair follicle knobs seldom 

10. 
10. Hairs of average diameter of not less than 0.0055 in. 
(based on microscopical measurement of at 


10. Hairs of average diameter less than 0.0055 in...... Horse Mane Hair. 
9. Hairs usually white, yellow or brown................. 11. 
11. Hairs smooth, scales scarcely visible.......... $2. 


12. Hairs, smooth, roundish, showing under 
magnification of 100, distinct pigmen- 
tation, not isolated in a medulla, but 
scattered in lumpy streaks........... Horsehair (see 10). 
12. Hairs less smooth, exhibiting less “char- he 
acter” than the above; showing under _ 
magnification of 100, distinct medulla 
with pigment closely packed in flat, 
accordion-like Cattle Hair. 
Hairs coarse with prominent, surface scales, wide 


III. 


medulla filled with pigment but not packed 
in any characteristic arrangement........ Goat Hair 
1. Fibers fine, soft, more or less silky; from soft brushes, or | 
14. Fibers showing pigmentation in wide 


medulla with regularly spaced blocks 
15. 
15. Hairs rather short, with pigment blocks 


15. Hairs abnormally long, showing more 

than 2 rows of pigment blocks... .Amgora Rabbit. 
14. Fibers showing pigment tightly packed in chic 
wide medulla, in irregularly checked to | 


16. Fibers rod-shaped with medullary ca- 
nals, and scaly surfaces (100)...17. 


17. Fibers tan, brown or black........ 18. 
18. Fibers with distinctly granular 
pigmentation and _ indis- 


tinct hollow medulla...... Alpaca. 
18. Fibers with no distinct medulla tathe 


except in kemps where 
medulla is large and heav- wl 


ily pigmented Camel 
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17. Fibers usually white 
19. Fibers with fine scales closely appressed to 
fiber surface; diameter usually small. . Mohair.' 
19. Fibers of various diameters, scales coarser, 


20. Fibers broad, varying in diameter, 
marked with longitudinal stria- 
tions, and frequently with parallel 
diagonal lines where one fiber 
crossed over another has left an 


impression ....Wild (Tussah) Silk. 
. Fibers single, narrow, without stria- 


Cultivated Silk. 


If. Fibers of Vegetable Origin: 


For convenience these are grouped according to their uses as: 


A. Brush Fibers, B. Cordage Fibers, and C. Vegetable 
Fibers from Fabrics. 


A. Brush Vibers? 
|. Fibers hair-like, or rope-like, white, yellow (or dyed) Tampico! 
1. Fibers more woody than hair-like..............eceeeees 2. 
2. Fibers dark brown or 
3. Fibers thick, more or less circular, corky in texture. . Rattan. 
3. Fibers not corky, but woody................eee0. 4. 
4. Fibers thin, wiry, circular Bassine. 
4. Fibers thicker, flatter, more woody, brittle Bass. 
2. Fibers reddish, wiry Palmetto. 


B. Cordage libers 


Apply Swett’s test as follows: 


Wash sample in alcohol to remove grease. Immerse in nascent 
chlorine solution for 30 sec. Wash in tap water; rinse in alcohol 


to remove water. Hold over concentrated ammonium hydroxide. 
Fumes produce: 


Cherry red color Sisal and other rope fibers. 
Brown color Manila fibers. 

|. Fibers brown or yellow Abaca (Manila).* 
‘Scales may be brought out distinctly by staining with picric acid. 


*The term “fiber” is here used in its technical sense, meaning not the ultimate fiber cell, but 
tather a bundle or an aggregate of fibers. 


* Sisal, palma, istle, henequen and other agaves. 
‘Confirm by microscopical examination for broad lumen. 
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2. Treat fibers in boiling dilute caustic, wash, separate 
into ultimate cells; stain with Herzberg’s solution, 
examine under magnification of 100. 
3. Fibers more or less rounded at ends, diameters 
regular, fiber surface strikingly smooth, canal oe 
not visible; fiber bundles usually accompanied 
by spirals (Phormium Tenax) 
3. Fibers distinctly pointed at ends, with irregular 
diameters, thick cell wall, and distinct narrow _ 
4. 
4. Fiber bundles accompanied by spirals and epi- 
dermal cells Agave (Sisal, Hene. 
quen, ete.). 
4. Fiber bundles free from spirals. 
Characteristic surface markings on fiber 
5. Fibers ribbon-like, flat, twisted, with broad 
Cotton. 
5. Fibers not twisted; lumen narrow; bumps, 
swellings, cross striations on fiber surface. 
Red fibers frequently accompanied by 
yellow epidermal cells (shive)............ 6. 
6. Stain with Herzog’s cyanin (or with Aniline 
sulfate). Fibers stained............. 2 
7. Stain with Herzberg’s solution: Yellow 
epidermal cells with prominent hook 
hairs near stomatal openings Sunn Hemp. 
7. Yellow epidermal cells devoid of hairs...True Hemp. 
6. Stained with Herzog’s cyanin. Fibers 
colorless 


C. Vegetable Fibers from Fabrics 


(Or used in Battings, Cushion yang, etc.). 


.? ibers silky in appearance, with shiny surface 
. Fibers short, very fine, downy; examined under micro- 
scope showing broad lumen, air filled; very thin 
cell wall 
2. Fibers of indeterminate length; threadlike............ 5. 
3. Dip for 3 minutes in Hahn’s stain, wash in cold water. 
4, Fibers deep pink Nitrocellulose Silk 
_ 4. Fibers pale pink Viscose Silk.* 
5. Fibers yellow Acetate Silk.* 
5. Fibers blue Cuprammonium Silk 


1 Confirm by test with diphenylamine—sulfuric acid for blue color. 


2 Confirm by microscopical examination for striated surfaces. 
3 Confirm by dissolving in acetone. _ 
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6. Stain with Herzberg’s solution, examine micro- 

scopically. Fibers yellow 

7. Fibers with narrow lumen, swollen nodes, 
distinct cross markings............... 8. 

8. Moisten tip of single fiber between thumb 

and finger: 
Fiber curls clockwise 


7. Fibers with broad lumen................. 9. 
9. Fibers broad, flat, with unusually wide 


diameter; joints and transverse 
fissures prominent 
9. Fibers not broad and flat; diameters 


more or less uniform. Cotton 10. 
Raw Cotton. 


10. Fibers vealed round, with par- 
_ tially destroyed lumen Mercerized Cotton. 


METHODS FOR THE QUANTITATIVE ANALYSIS OF TEXTILES _ 
Scope 


1. These methods provide for the quantitative determination of 
the water, total non-fibrous materials, cellulose acetate rayon, silk, 
regenerated cellulose rayon, cotton, and wool present in textiles 
composed of two or more of these materials. Any section of the 
methods which is not applicable in a particular analysis may be 
omitted. It is assumed that the analyst knows from qualitative 


tests what materials are present. All results shall be based upon the 
weight of the dried material. at 


Water or Regain 


2. (a) Unless otherwise wy samples to be contend for 
water shall be conditioned by exposure to an atmosphere having a 
relative humidity of 63 to 67 per cent and a temperature of 70 to 
80 F. (approximately 21 to 26 C.) until equilibrium is established. 
The material shall be considered to be in equilibrium when it shows 
no progressive change in weight. 

(6) The special equipment for drying specimens to constant 
weight which is generally available in textile laboratories may be > 
used. The procedure outlined in Paragraphs (c) to (f) is provided 
for laboratories not so equipped and shall be used in the settlement of © 
disputes unless some other method is agreed upon by those concerned. 

(c) A glass weighing bottle of approximately 100-ml. capacity 
fitted with a ground-glass cover shall be dried at 220 to 230 F. (105 


| 
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to 110 C.) to constant weight. A satisfactory procedure is to place 
the bottle and cover separately in the oven. After drying for 1 hr. 
they shall be transferred to a desiccator and allowed to cool to room 
temperature. The cover shall then be placed on the bottle which 
shall then be weighed. ‘The heating, cooling and weighing shall be 
repeated until the weight is constant to within + 0.003 g. This is 

the “weight of weighing bottle.” The weighing bottle shall be kept 
in a desiccator when not in use. 

(d) A specimen of approximately 5 g. of the material to be tested 
shall be placed in the weighing bottle which shall then be covered 
and weighed. By subtracting the “weight of weighing bottle” 

_ (Paragraph (c)) from this weight, the weight of specimen, 4A, is 

obtained. 
| (e) The specimen shall be removed from the weighing bottle, 
placed on a watch glass in the oven (temperature 220 to 230 F. (105 
to 110 C.) as before), and dried for 1.5 hr., then quickly transferred 
to the weighing bottle, which shall be placed uncovered in a desic- 
cator. When the specimen and bottle have cooled to room tem- 
perature, the cover shall be replaced on the bottle which shall then 

_ be weighed. ‘The specimen shall be returned to the oven and the 
drying, cooling and weighing shall be repeated until the weight is 
constant to within +0.003 g. By subtracting the “weight of weigh- 
ing bottle” (Paragraph (c)) from this weight, the weight of dry 
specimen, B, is obtained. 

(f) Calculation.—The water content shall be calculated from the 
following formula: 


A-B 
Water content of specimen (dry basis) or regain, per cent = —_— X 100 


_where A = the weight of specimen; and 
B = the weight of dry specimen. 


a Total Sizing, Finishing and Other 
Non-Fibrous Materials 


3. (a) The purpose of this procedure is to remove all non-fibrous 
natural constituents of the fiber and substances added by the manu- 
facturer. Starch, China clay, soaps, some waxes, some non-drying 
oils and the usual natural constituents are in this category and are 
removed by the procedure given. However, general directions for 
the removal of all possible substances which may be present cannot 
be given. The delustered rayons and some of the newer finishes 
present special problems. The analyst will have to meet special 
cases as they arise. When it is necessary to modify the procedure in 
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order to completely remove non-fibrous constituents, the analyst 
shall make sure that purified samples of the fibers under consideration 
do not lose weight when subjected to the same treatment. Ordinarily, 
samples shall be analyzed in accordance with Paragraphs (0) to (d). 

(b) A specimen of approximately 5 g. shall be taken for test. 
Particular care shall be taken to prevent the loss of fibers in the 
treatments. ‘The specimen shall be dried at 220 to 230 F. (105 to 
110 C.) to constant weight (Section 2 (e)). This gives the weight 
of dry specimen, B. 

(c) The specimen shall then be extracted for 2 hr. with carbon 
tetrachloride in a Soxhlet or similar extractor. ‘The specimen shall 
be allowed to dry in the air. It shall then be washed by repeated 
immersion in hot distilled water, squeezing between each immersion. 

(d) The specimen shall then be immersed in a 3 to 5 per cent 
aqueous solution of a starch and protein-solubilizing enzyme prepara- 
tion at 122 F. (50 C.). It shall be squeezed while immersed, removed 
and squeezed again, and this procedure repeated at least three times. 
The purpose is to insure thorough wetting of the fibers by the enzyme 
solution. ‘The enzyme solution shall then be maintained at 122 to 
140 F. (50 to 60 C.), or the optimum temperature range for the 
particular enzyme used, and the specimen kept immersed in it for 1 hr. 
A shorter time is permissible if sizing is removed in the shorter time. 
Fifteen minutes is sufficient for some textiles. The specimen shall 
then be rinsed twelve times in fresh portions of hot distilled water, 
squeezing after each rinse. ‘Thorough rinsing is necessary in order to 
remove china clay from heavily filled fabrics. ‘The enzyme treatment 
and rinsing may be carried out in a Launder-Ometer or similar device 
if desired. ‘The rinsed specimen shall then be dried at 220 to 230 F. 
(105 to 110 C.) to constant weight. ‘This gives the weight of dry 
fiber, weight C. 

(e) Calculation —The total amount of non-fibrous constituents 
present shall be calculated from the following formula: 


Total sizing, finishing and other non- B—C 
fibrous materials (dry basis), percent 8B x 160 
where B = the weight of dry specimen (Paragraph (b)); and 
C = the weight of dry fiber (Paragraph (d)). 


Cellulose Acetate Rayon 


(Acetone Soluble Types Only) 


4. (a) The specimen after being tested in accordance with 
Section 3 shall be agitated vigorously for 15 minutes in about 50 
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times its weight of acetone at room temperature.! The residue shall 
be rinsed while squeezing by alternate immersion in acetone, two 
fresh portions of acetone being used. ‘The residue shall be allowed 
to dry and them immersed in water at a temperature of about 158 F. 
(70 C.). The excess water shall be removed by squeezing and the 
residue dried to constant weight as described in Section 2 (e). This 
weight is called D. 


(b) Calculation.—The cellulose acetate rayon content shall be 
calculated from the following formula: 


Cellulose acetate rayon (dry basis), per cent = B X 100 


_where B = the weight of dry specimen (Section 3 (6)); 
C = the weight of dry fiber (Section 3 (d)); and 
D = the weight of dry specimen after cellulose acetate rayon 
test. 

Silk 

5. (a) The fibers constituting the residue from the test for 
cellulose-acetate rayon (Section 4) shall be cut to lengths of about 
2to4mm. ‘They shall be agitated vigorously for 1 hr. in 200 ml. of a 
clear aqueous solution of calcium thiocyanate of specific gravity 1.20 
to 1.21 at a temperature of 158 F. (70 C.) made just acid to litmus 
with acetic acid, and maintained at a temperature of 158 + 4 F. 
(70 = 2.2 C.). Precautions shall be taken to prevent evaporation 
from the solution with consequent concentration of the thiocyanate. 
The fibers which are not dissolved shall be collected in a small Biichner 
funnel, Gooch crucible, or bitumen filter, preferably with the aid of 
_ suction. When a good pad of fibers has formed on the filter, the hot 
_ mother liquor shall be poured through a second time to recover all 
fibers on the pad. ‘The fibers shall then be agitated for 5 min. in a 
fresh 200-ml. portion of the thiocyanate solution. ‘The filtration shall 
be repeated and the fibers washed with hot distilled water until free 
from thiocyanate. ‘They shall be dried to constant weight, weight £. 

(b) Calculation.—The silk content shall be calculated from the 
following formula: 


D-— 
(dry basis), per cent 100 


where B = the weight of dry specimen (Section 3 (0)); 
D = the weight of dry specimen (Section 4 (a)); and 
E = the weight of dry specimen after silk test. 


1 A Launder-Ometer can be used to obtain satisfactory agitation. 
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Regenerated Cellulose Rayon 

6. (a) The fibrous residue from the test for silk (Section 5) shall 
be pulled apart or cut up. It shall be treated in accordance with the 
procedure in Section 5 except that the acid solution of calcium thio- 
cyanate shall be of specific gravity 1.35 to 1.36 at a temperature of 
158 F. (70 C.). The weight of the dried residue from this treatment 
is weight 

(b) Calculation.—The regenerated cellulose rayon content shall 
be calculated from the following formula: 


E-F 
Regenerated cellulose rayon (dry basis), per cent = X 100 


where B = the weight of dry specimen (Section 3 (b)); 
E = the weight of dry specimen after the silk test (Section 
5 (a)); 
F = the weight of the dried residue. 


Cotton 


7. (a) The residue from the test for regenerated cellulose rayon 


Section 6), which contains cotton and wool, shall be immersed for 
10 minutes in a boiling solution of aluminum chloride containing 
5g. of AICI, (or 9 g. of the hydrated salt AlCl;-6H,O) per 100 ml. 
of water. It shall be removed from the solution and after allowing 
the excess liquid to drain off (the specimen shall not be squeezed), 
it shall be heated in an oven at 221 to 230 F. (105 to 110 C.) until the 
cotton has become brown in color and brittle (usually 2 hr. is sufficient). 
The specimen shall be placed on a 100-mesh screen and rubbed against 
the screen with sufficient pressure to powder the carbonized cellulose 
and pass it through. ‘The residual fibers (wool) shall be placed in a 
suitable container, preferably a 250-ml. beaker. ‘The material which 
passed through the screen shall be screened again to recover any wool 
ibers which passed through. The wool shall be agitated with about 
100 ml. of dilute hydrochloric acid solution (1 part by volume of the 
concentrated laboratory reagent diluted with 9 parts of distilled water), 
collected as a pad (see Section 5 (a)), washed with distilled water until 
free from chlorides, and dried at 221 to 230 F. (105 to 110 C.) to 
constant weight, weight G. 

(b) Calculation —The cotton content shall be calculated from 
the following formula: 


Cotton (dry basis), per cent = x 
= 


where B = the weight of dry specimen (Section 3 (6)); 
F = the weight of the dried residue (Section 6 (a)); and 
G = the weight of the dry specimen after the cotton test. 
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Wool 
8. The wool content of the specimen shall be calculated from the 


“ms 
G 
Wool (dry basis), per cent = B X 100 


where B = the weight of dry specimen (Section 3 (b)); and 
G = the weight of the dry specimen after the cotton test. 
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'ENTATIVE METHODS OF TESTING PILE FLOOR COVERING! 
A.S.T.M. Designation: D 418 - 35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
sanual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 

IssuED, 1935.2 
Scope 
1. These methods of testing are intended to be applicable for testing 
pile floor coverings. 


Sampling 


Note.—The size of dissection samples and methods of sampling will be covered in 
later revisions of these methods. = 


2. (a) Unconditioned.—The weight of the fabric when samples for 
weight determination are cut from it is the unconditioned weight. A speci- 
fication of the weight of a fabric must also specify the moisture condition. 
(b) Oven-Dry Condition —The oven-dry condition of pile fabrics is that 
state of dryness obtained on equilibrium of the material in a ventilated 
drying oven maintained at a temperature of 220 to 230 F. (105 to 110 C.). 
(c) Standard Condition.—Standard condition of pile fabric is that 
reached by the fabric in equilibrium with an atmosphere having a relative 
| humidity of 65 per cent +2 per cent at 70 to 80 F. (21 to 27 C.). 
(d) Moisture Equilibrium.—lIt shall be considered that moisture equi- 
librium is reached when two successive weighings not less than 30 min. 
apart show not more than 1.0 per cent change in weight. 


Test Condition 

3. All fabrics shall be tested under standard conditions as described 
in Section 2 (c). 

QUANTITY 

Length 

4. The length of a roll or piece shall be determined by running the 
labric over a measuring drum of known circumference, from which the 
yardage is registered by a dial or a counter driven by a chain, or other 
positive non-slip mechanism. ‘This yardage shall be the length of the 
fabric and shall be independent of any effect of its thickness. 


A qander the standardization procedure of the Society, these methods are under the jurisdiction of the 
-I.M. Committee D-13 on Textile Materials. 


* Accepted for publication as tentative by Committee E-10 on Standards, August 22, 1935. 


q 


Width back co 

5. (a) The width of a roll or piece shall be determined at five different § in Se 
places uniformly distributed along the full length of the roll or piece, and yet pite 
may be determined at the same time as the total length. 
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10. 
(b) Measurements shall be made to the nearest ;/g in. ad the 
(c) The average of five measurements shall be the width. : 

Rows 
wae 
6. (a) Unconditioned Weight.—Samples in a condition which is tt : 
countir 
same as the fabric they represent shall be rapidly weighed on a balance hn tone 
sensitive to 0.1 per cent of the total weight. The average of these weights of ea: 
shall be the unconditioned weight of the samples. three t 


(b) Conditioned Weight—The samples shall be allowed to come t 
standard condition as described in Section 2(c). The average of the samples § Pitch 
weighed under standard conditions shall be the conditioned weight of the 12 
samples and shall be used to calculate the conditioned weight of the fabric. § countit 

(c) Oven-Dry Weight.—One of the samples shall then be converted to § places 


the oven-dry condition as described in Section 2 (6). This shall be the § averag 
oven-dry weight of the sample. aes 
Moisture Content and Regain 13 
7. (a) Weight of Moisture-—The difference between the unconditioned J numbe 
weight (Section 6 (a)) and the oven-dry weight (Section 6 (c)) shall be the J numbe 
weight of moisture present. woven 
(b) Moisture Content.—The weight of moisture when calculated as 2 J of the 
percentage of the unconditioned weight shall be the “moisture content 
Dissec' 
of the fabric. | 
(c) Moisture Regain.—The weight of moisture when calculated as « I 
percentage of the oven-dry weight shall be the “moisture regain” of th ‘ned, 


utility 


fabric. 
Irom 1 
mati 


8. Thickness of a fabric shall be determined by measuring to t! Weigh 
nearest 0.001 in. the distance between the two plane surfaces of a fabri I 
under a pressure of 0.100 + 0.001 lb. per sq. in. distributed over a circular J °° WE 

area 3.00 in. + 0.01 in. in diameter. The pressure shall be applied slowly h ( 
to avoid impact, and the fabric shall be protected from vibration during f° “ 
test. The average of five readings taken at different places, uniform) , ‘ 
_ distributed over the area of the surface, shall be the thickness. szng 
CONSTRUCTION ( 

yarn 


‘Back Thickness 
9. A section of fabric shall be singed so as to remove the pile yam 


_ without damaging the back construction. The thickness of the remaining 
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yack construction in four places shall be determined using the 


isin Section 8. The average of four tests shall be the back thickness. 


Net Pile Height 


10. The net pile height is the difference between the total thickness _ 


and the back thickness, as determined in Sections 8 and 9. 


Rows 

11. The number of rows of tufts per inch shall be determined by 
counting a space of not less than 10 in. in at least three different places. 
Yo two count determinations shall include the same rows. The row count 
of the fabric shall be the average of the number of rows per inch in these 
three tests. 


Pitch 

12. The number of pile ends per inch of width shall be determined by 
counting the tufts in a space of not less than 10 in. in at least three different 
places staggered across the piece. The pitch of the fabric shall be the 
average of the number of pile ends per inch found in these three tests. 
Shot 

13. The number of shots in a single repeat of the weaving cycle, or the 
sumber of travels of filling yarn per row of tufts, shall be noted. This 


| number shall be the shot of the fabric. In Axminster weaves or fabrics 


woven on a needle loom, the double thread or filling left by one movement 
of the needle shall be considered as one shot. 


Dissection 


14. Samples, in standard condition and which have not been oven- 


dried, shall be completely picked apart dividing the yarn according to its 
utility in the carpet, that is pile, warp, stuffer and filling. The debris 
irom the dissection shall be included in the pile yarn weight. 


Weights 

15. (a) The yarns sorted according to their construction purpose shall 
be weighed under standard conditions. 

(b) Pile Yarn.—The average of the weights of the samples of pile yarn 
shall be the conditioned weight of pile yarn. 

(c) Clean Pile Varn.—The average of the weights of the samples of 
pile yarn, after extraction to remove fats and after desizing to remove 
‘izing materials, shall be the conditioned weight of clean pile yarn. 

(d) Warp Yarn.—The average of the weights of the samples of warp 
yarn shall be the conditioned weight of warp yarn. 

(e) Stuffer Varn.—The average of the weights of the samples of stuffer 
yarn shall be the conditioned weight of stuffer yarn. 
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(f) Filling Yarn.—The average of the weights of the samples of filling 
yarn shall be the conditioned weight of filling yarn. 

(g) Weights per Square Yard.—Each of the conditioned weights of pile, 
clean pile, warp, stuffer and filling yarn, determined in accordance with 
Paragraphs (b) to (f), shall be corrected to the weight per square yard by 
multiplying by the proper constant and shall be reported as the weight 
of pile yarn, clean pile yarn, warp yarn, stuffer yarn and filling yarn per 
square yard, respectively. 

(hk) Clean Backing Yarns.—When required, the average of the weights 
of the samples of warp yarn, stuffer yarn and filling yarn after extractions 
to remove fats and after desizing to remove size, shall be the conditioned 
weight of clean warp yarn, clean stuffer yarn and clean filling yarn, 
respectively. 

Note.—Methods for desizing and fat removal will be developed and added later, 
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TENTATIVE METHODS OF TESTING AND TOLERANCES 
FOR 


A.S.T.M. Designation: D 258 - 35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
nual revision. Suggestions for revision should be addressed to the Headquarters of the 
Seiety, 260 S. Broad St., Philadelphia, Pa. 


IssuUED, 1926; REVISED, 1927, 1931, 1932, 1935. 


Scope 

1. These methods of testing and tolerances apply to the various types 
i rayon in the form of filaments or yarn. 

DEFINITIONS 

Rayon 

2. (a) Rayon.—A generic term for filaments made from various solu-— 
tions of modified cellulose by pressing or drawing the cellulose solution 
through an orifice, and solidifying it in the form of a filament. . 


The resulting rayons from each process while similar in appearance differ among them- 
vives and with each other to a more or less degree according to the differences in their 
thysical and chemical properties. ‘The different type rayons, as defined in these specifi- 
ations, are known as follows: 


(a) Nitrocellulose Rayon (Chardonnet) 
(b) Viscose Rayon ili 


(c) Cuprammonium Rayon 
(d) Cellulose-Acetate Rayon 


Note.—Rayon as commercially manufactured is produced by four different processes. : 


(b) Rayon Yarns.—Yarn composed of more than one continuous rayon — 
filament. 

(c) Spun Rayon.—Yarn made from cut rayon filaments, the cut 
ilaments being drawn out and twisted into a yarn by usual ine 
processes, as follows: 


(1) Cotton system of spinning (ring and mule). 
(2) Worsted system of spinning (modified Bradford) (cap or ring). 
(3) Spun-silk method of spinning (ring or mule). 
Classification 
3. (a) Nitrocellulose Rayon.—Filaments composed of a regenerated “a 


denitrated cellulose which has been coagulated or solidified from a solution 
of nitrated cellulose. 


As 'Under the standardization procedure of the Society, these methods are under the jurisdiction of the 
“-T.M. Committee D-13 on Textile Materials. 
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(b) Viscose Rayon.—Filaments composed of a regenerated cellulose 
which has been coagulated or solidified from a solution of cellulose xanthate. 

(c) Cuprammonium Rayon.—Filaments composed of a regenerated 
cellulose which has been coagulated or solidified from a solution of cellulose 
in ammoniacal copper oxide. 

(d) Cellulose-Acetate Rayon.—Filaments composed of an acetic ester 
of cellulose which has been coagulated or solidified from its solution. 


Direction of Twist 

4. The direction of twist shall be as defined in the Tentative Defini- 
tions and Terms Relating to Textile Materials (A.S.T.M. Designation: 
D 123-35 T) of the American Society for Testing Materials, as follows: 

Twist, Direction of —A yarn or cord has ‘‘S” twist if, when held in a 
vertical position, the spirals conform in slope to the central portion of the 
letter ‘S,” and “Z” twist if the spirals conform in slope to the central 
portion of the letter “‘Z.” 


“S" Twist “Z” Twist 


5. The denier of a rayon yarn is the weight in grams of 9000 meters. 


Denier (Rayon Yarn) 


Number (Spun Rayon Yarn) 

6. Spun rayon yarns are numbered on the basis of the system by which 
they are spun. 

TOLERANCES 
Tolerances 

7. Tolerances shall be the limits within which a textile must come 1 

its specified characteristics in order that it shall constitute a good delivery 


Denier of Rayon Yarn 

8. (a) The average denier of the rayon yarn, either bleached or u- 
bleached, in each skein, tube, spool, cop, pirn, or cone of rayon as supplied 
by the seller, as found by test, shall not vary above or below the specified 
denier more than: 


10 per cent for denier finer than 150, and 
8 per cent for 150 denier or coarser. 
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A.S.T.M. Desicnation: D 258-35 T 


(b) ‘he average denier of the rayon yarn in the singles, either bleached 
x unbleached, in each case of skeins, tubes, spools, cops, pirns, cones, or 
,beam warp as found by test shall not vary above or below the specified 
jenier more than: 


5 per cent for denier finer than 150, and 
4 per cent for 150 denier or coarser. 
Number of Spun Rayon Yarn 


9. The average number of the spun rayon ‘yarn in the singles, either 
ofin;. @ vleached or unbleached, in each case of skeins, tubes, spools, cops, pirns, 
tion: @ ones, or a beam warp, as found by test, shall not vary more than 5 per 
15 ent above or below the specified number. Spun rayon yarns are numbered 

ing § mthe basis of the system by which they are spun. 


f the Tensile Strength 


— 10. (a) The average tensile strength of the rayon yarn in each case 
of skkeins, tubes, spools, cops, pirns, cones, or a beam warp in the singles, 
or plied, either bleached or unbleached, as found by test, shall not be less 
than the specified tensile strength. 
(b) Ultimate tensile strength, or tensile strength at the highest yicld — 
point, may be specified. 


Twist 


11. The average twist of the rayon yarn in each case of skeins, tubes, 
spools, cops, pirns, cones, or a beam warp shall not vary beyond the fol. 
lowing specified limits: 

Turns Per INCH PERMISSIBLE VARIATIONS 


+ 25 per cent 
¢ 5 + 15 per cent 
+ § per cent 


ITH 2 
which METHODS OF TESTING 


IDENTIFICATION 

General 

12. (a) The following procedure assumes that the rayon is known to 
be one of the four common types of rayon defined in Section 3. If this 
snot definitely known, the sample shall be examined according to the 
general procedure given in Tentative Methods for the Identification of 
fibers in Textiles and for the Quantitative Analysis of Textiles (A.S.T.M. 
Vesignation: D 276 — 35 T) of the American Society for ‘Testing Materials." 

+) Three methods of identification are given, depending on physical 
properties, chemical properties and optical properties. In general, no 
n€ method is completely reliable, particularly when distinguishing between 
‘uprammonium and viscose rayon. 
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(c) While not essential, it is desirable that the analyst should have 
available a series of authentic samples of the different types of rayon 
yarn. These samples should be from various sources and should be kept 
as nearly up to date as possible. 


Preparation of Sample 
13. These methods are intended for rayon which is substantially free 
from color imparted by dyestuffs or colored pigments either before or 
after spinning, is in either bleached or unbleached state (Note), and is 
free from oil, finish or other foreign substances. If any of the latter are 
present, they shall be removed from the sample by digesting successively 
with the following solvents: 
(a) Distilled water at a temperature of 158 to 176 F. (70 to 80€ No 
for 15 min. on 
(b) Denatured alcohol at room temperature for 5 min. _ rcs 
(c) Diethyl ether (sulfuric ether) at room temperature for 5 min. to the a 
The sample shall be wrung out after each immersion in order to remove 
the excess of the solvent before transferring it to the next solvent. Finally 
the sample shall be allowed to dry at room temperature. 
Notrt.—The procedures described herein may be applied to colored yarn, stripped or 
unstripped, but the results are less reliable. 
Physical Tests Erlenn 
14. (a) If sufficient sample of rayon yarn is available, the denier sulfuri 
the filament count shall be determined. These values shall be compared § acetat 
with the various numbers offered for sale commercially by the different J ata t 
producing rayon companies. Occasionally, as in the case of very i 
denier, this will definitely determine the type of rayon yarn. At other 
times, it merely limits the number of possibilities and, on occasion, 1s 
no assistance. 


Nore.—This test is valuable only when the sample is known to be material of fair 
recent manufacture and is known to be a commercial product, not an experimental lot 


acetic 
4 blue 
Note 
viscose 


| 


(b) A few strands of the sample shall be twisted and the mass broughi 
as close as possible to a flame without permitting it to burn. Cellulose 
acetate rayon is thermoplastic and will soften or melt, depending on th 

temperature. In the latter case it forms a hard ball. Nitrocellulos 
_ viscose and cuprammonium rayon do not fuse when heated. ~~ 4 


Chemical Examination cold 
15. (a) To Identify Cellulose-Acetate Rayon: staine 
Treat a few strands of the sample with c.p. acetone. Cellulose-acetat E 

_ rayon dissolves. Fast ( 
Treat a few strands of the sample with a boiling solution of acetl’ § orang 
acid (40 g. of glacial acetic acid with 60 g. of distilled water). Cellulo: ) 
acetate rayon dissolves. Neoce 
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-A.S.T.M. DESIGNATION: D 2 


Nitrocellulose and cuprammonium and viscose rayon do not dissolve 
n either of the two solvents mentioned above. Partially saponified or 
wdrolyzed cellulose-acetate rayon partly dissolves in the solvents de- 
«ribed above. 

b) To Identify Nitrocellulose Rayon: 

If the sample is not cellulose-acetate rayon, treat a few strands with 
jiphenylamine reagent (66 g. of concentrated sulfuric acid, 33 g. of glacial 
cetic acid, 1 g. of diphenylamine) (Note 1). Nitrocellulose rayon gives 
i blue color; cuprammonium and viscose rayon do not give a blue color 
Note 2). Nitrocellulose rayon dissolves faster than cuprammonium or 
viscose rayon. 

Note 1.—Diphenylbenzidine may be substituted for diphenylamine in the above — 
reagent. 


Note 2.—This is essentially a test for oxidizing agents and cannot be relied on in the 
resence of residual bleaches such as peroxide or hypochlorite. A reagent which is exposed 
the air for some time will develop a blue shade in the absence of other oxidizing agents. 
~— tive reducing agents such as hydrosulfite and some dyestuffs interfere with the test. 
nally (c) To Identify Viscose Rayon: 
If the sample is not cellulose-acetate or nitrocellulose rayon, make — 
the following sulfide test: . 
Place a 5-g. sample (Note 1) of the rayon to be tested in a 250-ml. 
Erlenmeyer flask together with 100 ml. of water and 3 ml. of concentrated 
sulfuric acid. Completely cover the mouth of the flask with a piece of lead 
acetate paper, fastening the paper securely in position and allow to stand 
at a temperature of 194 to 203 F. (90 to 95 C.) for 4 hr. Viscose rayon 
tains the lead acetate paper yellowish to brown or possibly black (Note 2). 
(uprammonium rayon does not discolor the paper. 


Nore 1.—If less than 5 g. of the sample is available take a smaller sample with the — 
ime relative quantities of reagent and place them in a test tube. 


_ Note 2.—This is a test for sulfides. As the methods for purifying viscose ell 
secome more and more efficient, samples are encountered occasionally which do not give a_ 
positive test. 

(d) To Identify Cuprammonium Rayon by Stain Tests: 

Four different stain tests are recommended as follows because no one — 
tain test can be relied upon in every case: 

Wright Stain Test.—Immerse an air-dry sample for a few seconds in 
a boiling saturated alcoholic solution of Wright stain, rinse thoroughly in 
cold water. Viscose rayon is stained blue; cuprammonium rayon is 
stained violet. 

Erie Fast Orange.—Dye the sample in a 0.2 per cent solution of Erie 
Fast Orange CG (Color Index No. 621). Viscose rayon is white to weak 
orange; Cuprammonium rayon is dyed deep orange. 

_ Neocarmin W.—Immerse a small sample for 3 to 5 min. in a solution of 
Neocarmin W (Eimer & Amend). Rinse in running water, pass quickly — 
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through water containing a trace of ammonia, rinse well and dry. Viscos 
rayon is dyed violet; cuprammonium rayon is dyed blue. 

Diphenyl Fast Green.—Immerse a small sample in a 1 per cent solution 
of Diphenyl Fast Green B (Geigy Co.) for 2 min. at 68 F. (20 C.) Add 
Glauber’s salt. Remove, rinse and dry. Cuprammonium rayon is dyed 
green, viscose rayon is undyed. 

Note.—Dye tests depend upon the nature of the surface of the rayon yarn and t} 
subsequent treatment received in processing and finishing. While generally indicatiy 


manufacturing processes occasionally mask the difference between these two typ 
rayon and it is desirable to supplement the above tests with a microscopical examinatio 


Cuprammonium rayon cannot be satisfactorily identified by determin- 
ing residual copper. 

If previous tests indicate that the sample is not viscose, acetate or 
nitrocellulose rayon, it may be presumed that it is cuprammonium rayor 
but this should be checked by physical and optical methods. 


Optical Test Apparatus 

16. When possible, a microscopic examination of the lateral surfac 
and cross-section of the sample should be made, particularly in the case of 
cuprammonium and viscose rayon. For this purpose any good chemica 
microscope may be used, but examination may be made with the following 
equipment which represents the least amount of apparatus which 
give satisfactory results: 

Microscope with achromatic objectives 16 mm. and 4 mm., 10X ey 
piece, Abbe Condenser N.A. 120. Type Bausch & Lomb No. FFSé 
Spencer Lens Co. No. 44F or equivalent. 

The following accessories will be required: 

A lamp with Daylite Glass, Type Bausch & Lomb No. 4597-C 
4579, or Spencer Lens Co. No. 370, or equivalent. 

Microscope slide and cover glasses. 

Mounting medium, either methylene iodide or monobrom naphthal 


“Optical Tests 


17. (a) Examination of the Lateral Surface-—Clean the microsco] 
slide by flaming or with solvent, place on this a few filaments from thi 
unknown sample and add a drop of the mounting medium to the filament: 
on the slide. Place a cover glass over the sample and liquid, pressing thet 
down until the mounting medium wets the whole of the underside of th 
cover glass. Place the slide on the microscope stage, adjust the light 
and focus, using first the 16 mm. and then the 4 mm. objective with 1 
10X eye piece. Compare the samples with the series of standard plat 
appended.! 


1See the photomicrographs on pp. 1243 to 1247, | 
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_A.S.T.M. DESIGNATION: 
SCOse Viscose rayon can be readily distinguished from cuprammonium 
ayon by the many fine striations parallel with the axis of the filaments. 
ition § Cuprammonium rayon is unstriated. 
Add (b) Cross-Sectional Examination.—Prepare a thin cross-section of the 
dyed § ample by twisting several strands together and embedding them in wax, 
ina cork, or in a Schwarz sectioning plate.! Cut a thin section by means 
{a microtome or a sharp safety razor blade. Mount the sample on a 
microscope slide and if wax has been used, remove this by dissolving with 
lene. Focus as described above and compare the image with the series 
{standard cross-section plates appended.? 
Viscose rayon has an irregular serated edge, cuprammonium rayon is : 
most round and has a serated edge. 


Note.—Certain types of high tenacity viscose rayon processed in strong acid baths - 
Lilienfeld type) appear much more like cuprammonium rayon than regular viscose rayon. 7 


DENIER 

rface Yam Denier Determination 

se of 18. (2) The denier of rayon yarn shall be determined (except when 

mical § the rayon is on beams, see Paragraph (b)) from skeins which have been 

ywing | prepared, reeled, and weighed under prevailing atmospheric conditions 


| will § ‘rom the spools, cops, tubes, cones, skeins, or other packages. 
(b) Rayon received on beams shall be tested as specified. 

Test Skein 

19. Any reel employing a straight wind traverse having a perimeter 
{112.5 cm. may be used. (See Note.) For yarns in skein form, a speed 
f 100 to 150 r. p. m. shall be used. For yarns on spools, cops, tubes or 
ones, the yarn shall be drawn off over end and a speed of 200 to 300 r. p. m. 
of the reel shall be used. The tension on the yarn shall not be heavier 
than is necessary to lay the yarn smoothly on the reel at the specified 
speed. The skeins shall be weighed separately on a balance which shall 
be accurate to 0.25 per cent of the average weight of one skein. 

Note.—In a laboratory which is equipped for testing cotton yarns only, the skeins 


may be prepared on any reel having a perimeter of 1} yd. Each skein must contain 200 
turns as before. 


_ If a skein of this length is used, the yarn denier shall be calculated from the corrected 
weight (Section 22) by the following formulas: 


When weighing is made in grams: 


Weight of 300-yd. skein in grams X 1.64 


Denier = 0.05 gram (per denier) 


When skeins are weighed in grains: 
Weight of 300-yd. skein in grains X 1.64 
0.7716 grain (per denier) 


' Obtainable from Spencer Lens Co. or Bausch & Lomb Optical Co. 
“See the photomicrographs on pp. 1243 to 1247. 
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Number of Denier Tests 


20. Two skeins of 200 turns each from each of 10 spools, cops, tubes 
cones or skein bundles, from one case out of every 10 cases shall be made. 
and the average of these 20 tests shall be the denier of the rayon yam 
Weight Correction 

21. The weight of each skein shall be reduced to a common basis of § Conditi 
standard moisture regain for the class of rayon under test by the following i 
formulas: 


phere, 
(a) For nitrocellulose, viscose and cuprammonium rayons: of 65 | 


Actual skein weight x 111 
100 + actual percentage of regain 


Weight, corrected to 11 per cent = Appara 
moisture regain 
(b) For cellulose acetate rayons: machi 


Actual skein weight x 106.5 


Weight, corrected to 6.5 ‘per cent = capaci 


moisture regain _ 100 + actual percentage of regain 


Moisture Regain, Actual 
To determine the actual percentage of moisture regain present i 
the test skeins (Section 19), two groups of three skeins each shall be taken 
immediately after weighing and the weight of each group recorded. They 
shall then be placed in two separate baskets in a conditioning oven and 
dried to constant weight on a balance sensitive to 0.25 per cent of the § gitat 
average weight of one skein at 220 to 230 F. (105 to 110 C.). The moisture JP pefore 
regain of each group shall then be calculated as the percentage of the dry § of the 
weight and the average of these two shall be the actual percentage oi ( 
moisture regain in the skeins. lower 
Calculation balan 
23. ‘The denier shall be calculated as follows: . Proce 
Denier = Corrected weight of 225-meter skein in grams X 40 ; 
The yardage per pound of rayon of any given denier may be cal- be sey 
culated by the following formula: jaws 
4,464,528 (yards per pound of one denier yarn) in th 
Givendenier a ribl 
down 


Us 

(A) Preferred Method 
Test Skeins 


25. One skein from each of the ten spools, cops, tubes, cones or skeits af te 
drawn for a sample shall be prepared as described in Sections 18 and 19 Num 
The number of turns in these strength skeins shall be as specified in Table! 

For deniers which require 200 ends, ten of the test skeins (Section 20 scrib 
may be used if desired. strer 


Yards per pound of rayon = 


| 
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A.S.T.M. DESIGNATION: D 258-35 T 


TABLE 
7 NUMBER OF TURNS 


IN STRENGTH 
SPECIFIED DENIER OF RAYON 


Finer than 51 denier 
76 to 121 denier 
121 to 201 denier 


Conditioning 

26. The test skeins shall be conditioned for at least 3 hr. in an atmos- 
ohere, kept in rapid motion by an electric fan, having a relative humidity 
{65 per cent at 70 F. (21 C.). 


Apparatus 


27. (a) Machine.—The test skeins shall be broken on a tensile testing 
machine of the pendulum type of 25-kg. (55-lb.) or 50-kg. (110-lb.) 
capacities. The pulling jaw shall travel at a speed of 6 in. per min. 

(b) Recording Device—The machine shall be equipped with an auto- 
matic charting device to record stretch at any load. 

(c) Jaws.—Clamps for holding the test skeins shall consist of flat 
metallic jaws. These shall be covered with one layer of rubber tire tape 
which shall press directly against the specimen. One gripping surface 
shall be hinged or swiveled and the other shall be rigidly connected to the 
frame of the jaw. ‘The pressure between the jaws shall be secured by any 
suitable mechanical device so constructed as to grip the yarns firmly 
before the testing load is applied and prevent slipping during the progress 
of the test. 

(d) Any tendency to friction, backlash, or play in the recording device, 
lower jaw, or screw, shall be overcome as far as practicable by counter 


Procedure 


28. Immediately after conditioning (Section 26), the test skeins shall 
be separately broken on the testing machine. The initial distance between 
jaws shall be 10 cm. (4 in.). The skein to be tested shall first be clamped 
in the upper jaws, spread out evenly so that the ends are parallel forming 
aribbon approximately 3 to 3 in. in width. The rayon shall then be drawn 
down through the lower jaws and spread out to make a band of equal 
width, pulled just taut and clamped. The lower capacity machine shall 
be used until the swing of the pendulum exceeds an angle of 45 deg. from 
the vertical. When the yarns break above this mark, the higher capacity 
of testing machine shall be used. 


Number of Tension Tests 


_ 29. One test shall be made on each of the 10 skeins prepared as de 
scribed in Section 25 and the average of these 10 tests shall be the tensile 


410 | 
nade, 7 
yarn. 

— 
sis of 
Wing 
| 
nt it 
raken 
They 
and 
f the 
sture 
e dry 
ge Of 
cal 
keins 7 
ble I 


1242 TENTATIVE METHODS AND TOLERANCES FOR RAYON 


B. Alternate Method 
Apparatus 
30. A single strand tester of proper capacity with the jaws set 10 jn, 
between grips and having a speed of pulling jaw of 12 in. + 3 in. per min, 
shall be used. 


Procedure, Alternate Method 

31. Five single strands from each of 10 spools, cops, tubes, cones, or 
skeins shall be broken after conditioning the skeins for 3 hr. and any other 
form of package for 12 hr. in an atmosphere, kept in rapid motion by a 
electric fan, having a relative humidity of 65 per cent at 70 F. (21 C.). 


Number of Tension Tests 
32. The average of 50 tests shall be the tensile strength : 


TWIST 
‘Twist Specimen 


The specimen of yarn for twist determination shall be drawn from 
the side of the package instead of over the end in order to avoid changing 
the twist. 


Twist Test Procedure 
The twist shall be determined in any standard twist tester with 
jaws set 10 in. apart. The yarn shall be clamped in the jaws under 
definite tension by attaching a weight. The tension weight to be used 
shall be as follows: —_ 
Yarn TENSION WEIGHT 
_ 75 denier and finer 


150 denier to 75 denier 


Note.—Where yarn is unraveled from cloth for test, it is recommended that t! 
ie weight specified be increased by 10 g. in each cl issification. 


Twist Calculation 


35. Two samples of yarn from each of five spools, cops, tubes, cones, 
= skeins shall be tested and the average of these 10 tests calculated to 
turns per inch shall be the twist. 


MOISTURE REGAIN 


Moisture Regain 
The standard moisture regain of nitrocellulose, viscose and cup- 
-rammonium rayons shall be 11 per cent of the moisture-free weight. 
37. The standard moisture regain of cellulose-acetate rayons si shall be 


6.5 per cent of the moisture-free weight. 
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A.S.T.M. DESIGNATION: D 258 —- 35 T 


Courtesy of Bureau of Animal Industry, United States Department of Agriculture 
(a) Longitudinal View. (b) Cross-Section. 


Fic. 1.—Viscose Rayon Fibers, Bright ( 500). 
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(d) Cross-Section, Dull. 


Fic. 2.—Viscose Rayon Fibers (X 500). 
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(c) Longitudinal View, Dull. 
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(a) Longitudinal View, Semidull. 
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A.S.T.M. DESIGNATION: D 258 - 35 T 


(a) Longitudinal View, Bright. (b) Cross-Section, Bright. 


Courtesy of Bureau of Animal Industry, United States Department of Agriculture 


(c) Longitudinal View, Dull. (d) Cross-Section, Dull. 
Fic. 3.—Acetate Rayon Fibers (X 500). . 
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(a) Longitudinal View, Regular Luster. (4) Cross-Section, Regular Luster. 


Courtesy of Bureau of Animal Industry, United States Department of A gricalivt 
(c) Longitudinal View, Semidull. (d) Cross-Section, Semidull. 
Fic. 4.—Cuprammonium Rayon Fibers (X 500). 
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Courtesy of Bureau of Animal Industry, United States Department of Agriculture 


(a) Longitudinal View. (b) Cross-Section. 


Fic. 5.—Nitrocellulose Rayon Fibers, Dull (X 500). 
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TENTATIVE METHOD OF TEST 
FOR 
SHRINKAGE IN LAUNDERING OF SILK AND RAYON 
WOVEN BROAD GOODS! 


A.S.T.M. Designation: D 416-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of t! 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1935. 
Scope 
1. This method covers the test procedure for determining the shrink- 
age of silk and rayon woven broad goods in commercial laundering and 
for general technical purposes. 


Test Sample 


2. The sample of cloth for test shall be from 12 to 13 in. oes and 
shall be taken at least 2 in. from the selvage and 3 ft. from the ends of the 
roll or piece. It shall be laid out without tension on a flat surface, care 
being taken that the cloth is smooth and free from wrinkles and creases. 
The corners and the mid-points of the sides of a 10-in. square, whose center 
is the center of the sample and whose sides are aligned with the warp and 
filling threads, shall be marked on the sample. This gives three 10-in. 
distances in both warp and filling directions, all laying at least 1 in. from 
the edge of the sample. Satisfactory marks may be made with an inking 
pen using indelible ink or by sewing fine threads into the cloth at the point 
from which measurements are taken. In the case of dark colored fabrics 
the marking may be done with light colored thread or by means of a color 
resistant to washing. ‘Tests shall be made on at least three samples from 
each fabric. When only three tests are made, no two samples shall include 
the same set of yarns. 


3. The test shall be carried out in a Launder-Ometer or similar mz 
chine. The essential features are that a 1-pt. preserve jar be held with it: 
base toward a horizontal shaft 2 in. from the center of rotation, and tht 
shaft rotated at a speed of from 40 to 45 r.p.m., provision being made t 
maintain the jar at a temperature of 100 F. +2 F. (38 C. +1.1 C.). 


1 Under the standardization procedure of the Society, this method is under the jurisdiction of ' 


A.S.T.M. Committee D-13 on Textile Materials. a 
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AS. M. DESIGNATION: D 416-35 T 
Soap Solution 
4. A soap solution containing 0.5 per cent neutral soap shall be used. 
[he solution and the rinse water shall be maintained at 100 F. +2 F. 
38 C. C.). 


Method of Washing 


5. The sample shall be placed in the 1-pt. preserve jar with 300 ml. 
of soap solution. ‘The jar shall be placed in the washing machine and the 
machine operated for 15 min. The sample shall be removed from the jar, 
rinsed by dipping in three changes of water, returned to the jar with 300 
ml. of water, and the jar placed in the machine. The machine shall then 
beoperated for 5 min. ‘The sample shall be removed and, without squeezing, 
laid out on a smooth horizontal surface. Wrinkles shall be removed by 
sently pressing the sample with the palm of the hand. When the excess 
ff water has evaporated but the sample is still appreciably damp, the 
sample is ready to be pressed. If desired, the sample may be allowed to 
come to complete dryness and then, when ready for pressing, may be 
covered with a thin muslin saturated with water and pressed with the 
doth in place. 


Method of Pressing 
6. The sample shall be smoothed to remove wrinkles before pressing, _ 

care being taken to avoid any strain on the cloth. The sample shall be 
pressed with a flat-bed press at a temperature between 275 and 300 F. 
135 and 149 C.), the press being applied only long enough to remove the 
moisture. An alternate method of pressing shall consist of the use of a 
metal plate (aluminum preferred) not less than ;'g in. in thickness and 
covering the entire sample. On this plate a hand iron may be used to 
lurnish the heat necessary to remove the moisture. ‘The plate shall not be 
moved during the operation. 


Conditioning 


7. The pressed sample shall be allowed to lie ona araeee y surface 
lor at least 2 hr. at room temperature and humidity before it is measured. 
No sample shall be allowed to remain more than 16 hr. before measuring. 


Results 


8. The conditioned sample (Section 7) shall be laid out without tension 
on a flat surface, care being taken that the cloth is smooth and free from 
wrinkles and/or creases. ‘The distances which were marked off shall be 
measured again. ‘The shrinkage in the warp and in the filling shall be cal- 
culated separately as the average obtained from the three marked distances. 
The shrinkage in laundering is the decrease in the distance measured and 
shall be expressed either as a percentage of the dimension before launder- 
ing or in inches per yard. 
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TENTATIVE METHOD OF TEST 
FOR 
STRENGTH OF RAYON WOVEN FABRIC WHEN WET! 


A.S.T.M. Designation: D 415-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 


Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1935. 
Scope 


1. ‘This method covers the test procedure for determining the change 
in strength which a rayon woven fabric undergoes when wetted. 


Test Samples 


2. Fourteen test samples, each 4 by 6 in. shall be cut from the fabric, 
seven with the length running in the direction of the warp and seven with 
the length running in the direction of the filling. ‘The location in the fabric 
of those samples used for strength determinations shall be such that the 
same sets of threads are included in the samples for both the nomral and 
the wet strength tests. No sample shall be cut within 1 in. of the selvage 


Strength 

3. (a) Normal.—Six samples, three for warp strength and three for 
filling strength, shall be exposed for at least 4 hr. in an atmosphere having 
relative humidity of 65 per cent at 70 F. (21. C.). They then shall be test: 
for breaking strength by the grab method as described in Section 12 (0) oi 
the Standard General Methods of Testing Woven ‘Textile Fabrics (A.S.T.M. 
Designation: D 39) of the American Society for Testing Materials.? The 
average of the three individual tests on the warp shall be taken as tl 
normal strength of the warp, and the average of the three individual tests 
on the filling shall be taken as the normal strength of the filling. 

(b) Wet.—Eight samples shall be immersed in tap water at room ten- 
perature for 2 hr. Six of them, three samples each from the warp and filling 
shall be removed one at a time and tested immediately for breaking strength 
using the grab method as specified in Paragraph (a). The test of any 
sample shall be completed within 1 min. after its removal from the water 


1 Under the standardization procedure of the Society, this method is under the jurisdiction of the A. 
Committee D-13 on Textile Materials. 


2 1934 Supplement to Book of A.S.T.M. Standards, p. 204. 
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A.S.T.M. DESIGNATION: D 415-35 T 


Count 


4. (a) Normal.—Using the conditioned samples (Section 3 (a)), 
etermine the average number of ends and of picks per inch of the fabric 
yy counting a space not less than 1 in. in three different places, so taken as 
sot to include the same set of threads. The average number of ends and 
{picks shall be taken as the normal warp and filling count, respectively. — 

()) Wet.—Using the remaining two samples which have been immersed 
n water (Section 3 (b)), determine the average number of ends and of 
icks in the same manner as described in Paragraph (a). ‘The count must 
»made immediately upon removal of the sample from the water and in 
uch a way as to prevent drying. The average number of ends and of 
icks shall be taken as the wet warp and filling count, respectively. 

Report 


5. (a) Normal Strengths —Report as normal strengths the averages 
ithe warp and of the filling strengths, respectively, as determined > 
‘ection 3 (a). 
b) Uncorrected Wet Strengths.—Report as uncorrected wet —: 7 
the averages of the warp and of the filling strengths, respectively, as deter- a 
nined in Section 3 (b). 
(c) Corrected Wet Strengths —Report as corrected wet strengths the 
results obtained by multiplying the uncorrected strength (warp or filling) 
y the normal count (warp or filling) (Section 4 (a)), and dividing by the 
wet count (warp or filling) (Section 4 (b)). 
(d) Change in Strength—Report as change in strength the ree 
vetween the normal strength (warp or filling) and the corrected wet strength 
warp or filling). 
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_Note.—If£ only the change in strength due to wetting, without regard of effect of © 
rinkage, is desired, the difference between the results reported in Paragraphs (a) and (b) 7 


‘Section 5 should be used. 
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TENTATIVE METHODS OF TESTING AND TOLERANCES 
FOR Wi 
TUBULAR SLEEVING AND BRAIDS! 
e 
A.S.T.M. Designation: D 354-35 T P 
This is a Tentative Standard and under the Regulations of the Society is subject Im 
to annual revision. Suggestions for revision should be addressed to the Head- 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. he 
IssuED, 1932; REVISED, 1935. an 
Scope | fa 
1. These methods of testing and tolerances apply to fabric rej 
tubular sleeving, including braid. 
W. 
TOLERANCES 
Tolerances 
2. Tolerances shall be the limits within which a textile must come mi 
in its specified characteristics in order that it shall constitute a good th 
delivery on contract. sh 
ol 
Wall Thickness na 
3. The wall thickness of sleevings and braids shall not vary Br 
from that specified by more than the following amounts: di 
PERMISSIBLE VARIATIONS 
SLEEVING WITH MorE 
_ SLEEVING WITH ONE THAN ONE END PER Nt 
WALL THICKNESS, IN. END PER CARRIER CARRIER 
Up to and including 0.010........... 0.001 in. 0.002 in. on 
Over 0.010 and including 0.020...... 0.0015 in. 0.003 in. 
+0. 002 in. 0.004 in. 
Inside Diameter In 
4. The inside diameter of sleevings and braids shall not vary 
from that specified as nominal by more than the following amounts: by 
NOMINAL INSIDE DIAMETER, IN. PERMISSIBLE VARIATI( Sp 
a 
of 
on fo 
5. The number of carriers shall be not less than specified. uy 
Ends on Bobbin sh 
6. The ends on the bobbin shall not exceed the number specified. a: 
1 Under the standardization procedure of the Society, these methods are under the jurisdictiot Te 


of the A.S.T.M. Committee D-13 on Textile Materials. 
(1252) 
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A.S.T.M. DEsIGNATION: D 354-35 T - 1253 


Yarn Number 


7. The yarn number in singles shall not vary more than 5 per 
cent above or below the specified number. 


Weight 


8. The weight of the sleeving or braid shall be calculated in yards 
per pound and in no case shall the yardage be less than that specified. 


Imperfections 


9. All knots and imperfections are objectionable and shall be 
held to a minimum. Sleeving or braid containing more than 2 knots 
and 4 imperfections in any 5-lb. bundle will not be considered satis- 
factory and continued offense in this respect shall be a basis for 
rejection, 


va METHODS OF TESTING 
Wall Thickness 
10. The thickness of the wall shall be determined by inserting a 
mandrel of the nominal inside diameter of the sleeving or braid in 
the sample and measuring the outside diameter. Such measurements 
shall be made in accordance with Method B of the Tentative Methods 
of Test for Thickness of Solid Electrical Insulation (A.S.T.M. Desig- 
nation: D 374 — 34 T) of the American Society for Testing Materials.' 
By subtracting the mandrel diameter from the outside diameter and 


dividing the difference by two, the wall thickness is determined. _ 


Number of Measurements 


11. At least ten measurements of wall thickness shall be made 
on the samples used for weight determination and the average and 
range of thickness recorded. 


Inside Diameter 


12. The inside diameter of sleeving or braid shall be determined 
by the use of a mandrel of the specified diameter and having a hemi- 
spherical end. The mandrel shall be at least 6 in. in length. When 
a sample of the sleeving approximately 6 in. long is taken, a length 
of at least 3 in. when held firmly in the palm of the hand shall slide 
freely on the mandrel without disturbing the construction due to 
forcing the sample onto the mandrel. In sleeving of nominal diameter 
up to and including 3 in., a mandrel 2; in. over the nominal diameter 
shall just enter the sleeving; in sleeving over 3 in. in nominal diameter 
a mandrel 5 in. over the nominal diameter shall just enter the sleeving. 


_ | Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 1069 (1934); also 1935 Book of A.S.T.M. 
entative Standards, p. 1087. 
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1254 METHODS AND TOLERANCES FOR TUBULAR SLEEVING AND Brains 


Samples for Test 
13. Inside diameter measurements shall be made on the samples 


selected for weight determinations. | 


14. The number of carriers shall = deentanl by cutting the 


sample at right angles to the axis of the sleeving and counting the 


total number of ends and dividing by the average number of ends 


_ per bobbin. 


Samples for Test 


15. Carrier determinations shall be made on the samples wel 
for making inside diameter measurements. 


_ Ends on Bobbin 


16. The ends on the bobbin are the ‘number of ends up” or the 
number of ends in each web or tape. Ends on bobbin determina- 
tions shall be made at the time the carrier determinations are made. 


Yarn Number 

17. In determining the yarn number, an assorting yarn balance 
or similar device shall be used. It will be necessary to carefully ravel 
individual ends from the braid and from these the number will b 
calculated automatically by the testing device. 


Samples for Test 


18. Yarn number shall be determined on the samples used 
for weight determinations. 


Weight 

19. A sample approximately 1} yd. in length shall be measured 
off while the sleeving or braid is laid flat on a smooth surface. The 
sample shall then be suspended vertically from a clamp gripping the 


- full width of the sample and a 2-0z. weight shall be suspended from 


the lower end. ‘The sample shall be allowed to remain under these 
conditions approximately 10 minutes and then a 1-yd. length shall be 
measured off and cut from the suspended sample. This length shall 


_ then be weighed and the yards per pound calculated. 


Number of Determinations 

20. Not less than three weight determinations shall be made per 
shipment. Samples shall be removed from different bundles and the 
average of the three determinations shall indicate the average of the 
shipment involved. 
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A.S.T.M. DESIGNATION: D 354-35 T 1255 


Imperfections 
21. The number of knots or imperfections shall be determined 


on any bundle by a visual examination. ae. 7 
Number of Tests 


22. From each shipment of sleeving or braid at least three bundles 
shall be selected and tests shall be made on lengths cut from each 
bundle. Failure of the first samples selected to conform to require- 
ments of these specifications will necessitate the selection of a second 
set of bundles for a second test. 


Referee Conditions 


23. In case of dispute, tests shall be made under standard con- 
ditions as defined in Section 3 of the Standard General Methods of 
Testing Woven Textile Fabrics (A.S.T.M. Designation: D 7" of the 
American Society for Testing Materials.! 


11934 Supplement to Book of A.S.T.M. Standards, p. 204. 
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METHODS OF TEST 
FOR 

~ FINENESS OF WOOL! 
A.S.T.M. Designation: D 419 —- 35 T 


This i is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1935.? 


TENTATIVE 


Scope 


These methods of test are intended for estimating the fineness of 
wool in loose form, top or roving. They are also applicable to similar 
hairs such as mohair, alpaca, camel hair, cashmere, vicuna and rabbit 
hair.® 


WiptH METHOD 
Fineness 
2. The fineness of the wool determined in accordance with the width 
method shall be expressed in terms of the arithmetical mean width in 
microns, of at least 200 fibers, and by the standard deviation or other 
methods of representing dispersion. 


Sampling 

3. (a) For loose wool, the thoroughly cleaned samples representin: 
a good average of the lot to be tested shall be carded for thorough mixing 
From the sliver produced, two samples 2 in. in length, each containin 
about 120 single fibers, shall be cut out with a pair of scissors. 


(6) For top and roving, samples man be cut | from at lea st two different 


Width Method 
4. The width method is based on the projection of the image of 1 
fiber at a high magnification through a microscope on a wedge ruler. 1 
width of the image of the fiber is recorded on the wedge ruler by which t! 
fibers are automatically sorted according to their width. 


1 Under the standardization procedure of the Society, these methods are under the jurisdictior 
A. S.T.M. Committee D-13 on Textile Materials. 

? Accepted for publication as tentative by Committee E-10 on Standards, August 22, 1935 

% Attention is called to the eT Ye of wool, camel's hair and mohair fibers, shown i 
5 to 7 of Appendix I of the volume of “*A.S.T.M. Standards on Textile Materials,” pp. 190 and 191; a 
as a separate publication, October, 1935.° a 

Further information covering the procedures described in these methods appears in a paper by \ 
Von Bergen on “Testing the Physical and Chemical Properties of Wool by Means of the Microscof 
Proceedings, Vol. 35, Part II (1935). 
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Apparatus 

5. (a) Microscope.—The microscope shall have a movable stage and 
ixed body tube, objective and eyepiece to give a magnification of 500° 
iameters, and shall be built for projection. 

(b) Wedge Ruler.—The wedge ruler shall consist of a sheet of white 
ardboard on which is printed two wedges as shown in Fig. 1. 


Measurement of Width 

6. The samples shall be carefully opened so that each fiber is freed, — 
mounted across the slides in c. p. glycerine and then covered with a cover- 
dass. ‘The slide shall be placed on the stage and the image projected on 
a wedge ruler. ‘The wedge ruler shall be turned until the image of the 
iber to be measured is projected directly between the two lines of the 
wedge. ‘The place where the wedge has exactly the same width as the 
mage of the fiber shall be marked. One hundred fibers shall be recorded — 
n each of two wedges. 


Fic. 1.—Wedge Ruler. 


7. From the wedge markings, the fineness of the fibers shall be ex- 


pressed in accordance with Section 2. ae 
Cross-SECTION METHOD 


Fineness 


Calculation 


8. The fineness of wool determined in accordance with the cross- 
‘ection method shall be expressed in terms of the arithmetical mean diame- 
ler in microns, of at least 200 fibers measured in two directions at right 
angles to each other and by the standard deviation or other means of 
fepresenting dispersion. 
Sampling 


_ 9. (a) The sample shall be representative of the lot to be tested, and 
' taken from loose wool shall be well mixed by carding. In all cases the 


A.S.T.M. DESIGNATION: D 419-3: 1257 
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1258 METHODS oF TEST FOR FINENESS OF WOOL 


portion of the sample used for making cross-sections shall be thoroughly 
cleaned. 

(b) For top and roving, samples shall be taken from at least two 
different packages. 
Cross-Section Method 

10. In the cross-section method, the image of cross-sections of fibers is 
projected through a microscope upon sensitized paper, at a magnification 
of 500 diameters. ‘The sensitized paper is then developed, fixed and dried. 
The images of the fibers on the paper are measured in two directions at 
right angles to each other by means of a celluloid wedge measure, graduated 


to read directly in microns. la a 


A = Assembly B = Side View 
C = Fiber Holder D = Slide Holder 


Fic. 2.—Cross-Section Device. 


i 
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3.—Wedge Measure. 
Apparatus 
11. (a) Microscopes.—Laboratory and dissecting microscopes and 4 
_ projection microscope equipped with a right-hand prism will be require 
(b) Cross-Section Device.—The cross-section device illustrated in Fig. 
shall be used in making the cross-sections of the fibers. It consists of tw 
parts the fiber holder, C, with the fiber slot, and the slide holder, D, " 
which is rigidly held a flat surfaced metal plunger, with right angle flange: 
to fit in the slot of the fiber holder (sliding fit). When assembled, the 
shape of the cross-section device is as that of a microscopic slide, 1 in. 1 
_ witdh and 3 in. in length. The guides on each side of the slide holder keep 


the fibe 
shown 


(c) 


have ju 
their 
nolder 
ide an 
{ the 
shall a 
cope 
bevel 
holder. 
magnif 
be eXal 
When 
0SS-S 
( 
liamet 
micros 
in ora 
uni 
of the 
the lig 


Measu 

the fit 
it rig] 


red 


Calcul: 


th 


d 
Making 
a 12. 
ample. 
they oc 
holder 
the fibe 
| fin “64 
| 
A B 
0.0085". 
/6 5 
| 
| | 
CaSl 
ther 


ghly 


two 


TS is 
ition 
ried. 
at 
ated 


and 4 
uired 


Fig. 2 


-AS.T.M. Destcnation: D 419 - 35 T 


he fiber holder steady and help hold the fiber and slide holder together, as _ 
hown in the side view, B. 

(c) Wedge Measure.—The wedge measure illustrated in Fig. 3 shall , 
emade from celluloid 0.0020 in. in thickness. 


Making and Projecting Cross-Sections 

12. (a) A tuft of about 150 fibers shall be withdrawn from the cleaned 
ample, care being taken not to disturb the distribution of the fibers as 
they occur in the sample. This tuft of fibers shall be inserted in the fiber 
wlder and the slide of the slide holder pushed into the fiber slot until 
the fibers are held securely in place. ‘The slide of the slide holder should 
ave just sufficient tension upon the fibers to hold them without distorting 
their shape. The fibers shall be cut off close on both sides of the fiber 
older with scissors. A drop of celluloid solution shall be applied on one 
ide and allowed to dry. The fibers shall then be cut off flush on both sides 
ithe fiber holder by means of a sharp razor blade, the edge of which 
hall appear smooth and free from nicks when examined under the micro- 
cope at a magnification of 100 diameters. When cutting the fibers, the 
evel of the razor blade shall be kept parallel to the surface of the fiber 
wlder. This may best be accomplished by using a binocular microscope, 
nagnifying about 12 diameters. After the cross-section is made, it shall 
xe examined under a microscope at a magnification of about 300 diameters. 
When the fibers are all smoothly cut and each fiber is clearly defined, the 
ross-section is ready for projection. 


(b) With the projection microscope set for a magnification of 500 : 
meters, the cross-section device shall be placed on the stage of the 
microscope and the image of the cross-section shall be focused through 
norange color filter upon a sheet of white paper. ‘The illumination should 
¢ uniform for different cross-sections. ‘To secure this condition a filter 
ithe proper depth of color should be used according to the intensity of 
Measuring Fibers for Fineness 
13. By means of the celluloid wedge measure the cross-sections of 
the fibers shall be measured in microns for their greatest and least diameters, 


the light passing through the cross-section. 


itright angles to each other. As each fiber is measured, it shall be num- 
ered through the hole in the wedge. 


Calculations 


14. The fineness of each fiber shall be obtained by averaging its 
steatest and least diameters. From the difference between the average 
ithe greatest and least diameters of the fibers in the cross-sections, a 
easure may be obtained of the circularity of the fibers in the sample. 
ther statistical values may be obtained as set forth in Section 8. - 
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TENTATIVE METHOD OF ESTIMATING HARD SCOURED 
WOOL IN WOOL IN THE GREASE! 
A.S.T.M. Designation: D 232-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssueD, 1925; REvIsED, 1934, 1935. 


This pee) of test is intended for estimating hard scoured wool in 
“ihe in the grease and is applicable to any shipment of wool in the grease, 
whether in the form of fleeces, necks, pieces, bellies, pulled wool, or colonial 
scoured. It is also applicable to shipments of similar hairs such as mohair, 
alpaca, camel hair, cashmere, and vicuna. _ 


Standard Regain 


2. The standard regain of hard scoured wool shall be 13.6 per cent 
which is equivalent to 12 per cent moisture content. 


Sampling 

3. The entire shipment shall be sorted into the different kinds or 
grades of wool which it contains. The total net weight of each kind or 
grade shall be recorded separately. A sample of not less than 5 per cent 
of the lot, and in no case less than 500 Ib., shall be selected as representative 
of each kind or grade of woolh 


Scouring 


4. (a) Each sample shall be scoured separately in a commercial type 
of scouring equipment having not less than four bowls and using an alkaline 
detergent, or using a solvent extraction process. The sample shall be air 
dried after scouring. 

(6) The sample shall be considered as having been properly scoured 
when it conforms to the following requirements: 


fine wools (64's and finer) 


Free Fat, max., per cent — and heavier wools (} to 3 blood and coarser).... 


Soap Fat, max., per cent 
Ash, max., per cent { 


1 Under the standardization procedure of the Society, this method i is under the jurisdiction of the AS 
Committee D-13 on Textile Materials. 
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A.S.T.M. DESIGNATION: 


free Fat 


5. (a) Three 10-g. samples (approximate) shall be extracted separately — 
ina Soxhlet apparatus for 20 extractions with alcohol-free ethyl ether (Note). 
In the bottom of the Soxhlet apparatus there shall be lightly placed a thin 
ayer of cotton, previously extracted with ethyl ether, as a filter covering 
the opening of the siphon tube. The ether then shall be evaporated from 
the extract and the residue dried to constant weight at 212 to 221 F. (100 

105 C.). This residue is free fat. 

Note.—C.p. carbon tetrachloride shall be substituted for ethyl ether for Code Work. 
ect to 
of the § Soap Fat 

(6) The samples from which the free fat has been removed (Paragraph 
!)) shall be extracted in a Soxhlet apparatus for 12 extractions with neutral 
sper cent alcohol. The alcohol shall then be evaporated from the extract. 
Mter adding 25 to 30 ml. of 0.1 N HCl this shall be boiled and cooled. 
[he solution shall then be shaken with an equal volume of neutral ether 
and decanted. ‘This shall be repeated twice. ‘The three ether extracts 
shall be combined and washed once by shaking with an equal volume of 
jistilled water and then decanted. The ether shall then be evaporated 
from the extract and the residue dried to constant weight at 212 to 221 F. 
‘100 to 105 C.). This residue is soap fat. — 

Weight, Oven-Dry Extracted Wool 

(c) The extracted wool (Paragraph (b)) shall be dried to constant 

weight at 220 to 230 F. (105 to 110 C.). 


Ash 


6. A 2 to 3-g. sample of scoured wool shall be accurately weighed. 
The sample shall then be ignited to constant weight in a porcelain crucible 
and the final weight recorded. ‘This residue is the ash. 

NoteE.—Wool is apt to swell and froth when heated. ‘To avoid loss, the sample may 


be burned in small portions, or it may be moistened with a saturated solution of ammonium 
uitrate in 67 per cent alcohol. 


pH 


7. Ten grams of wool shall be immersed in 200 ml. of distilled water 
pH 6 to 7) in a 500-ml. Erlenmeyer flask. The flask must be closed to 
prevent the influence of carbon dioxide from the air. After soaking for 
) min. at room temperature, the pH shall be determined. 


Moisture 


_ 8. A sample of approximately 200 g. of scoured wool shall be accurately 
weighed and then dried to constant weight at 220 to 230 F. (105 to 110 C.). 
the final weight shall be recorded. 
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Calculation of Results 

9. (a) From the results obtained in Section 8, determine the per- 
centage of regain in the scoured sample. Calculate the weight of the 
scoured sample under conditions of standard regain. Calculate the per. 
centage of scoured wool with standard regain on the basis of the weight 
of the sample before scouring. Multiply this percentage by the net weight 
of the wool represented by the sample to find the amount of scoured wool 
contained in the greasy wool tested. 

(b) The percentage of free fat, soap fat and of ash may be calculated 
on a dry or a standard regain basis by the following formulas: 


} F x 100 
Free Fat (dry basis), per cent = WiFHS 
S x 100 
Soap Fat (dry basis), per cent = 77S 
A X 100 | 
Ash (dry basis), per cent = W+F+S 


F x 100 
Free Fat (standard regain basis), per cent = = 
100 + standard regain 
xX (W+F +S) 
100 
S x 100 


Soap Fat (standard regain basis), per cent = 


A 100 
Ash (standard regain basis), per cent = 100 + dna on si 
x (W + F +S) 


100 


where A = the weight of ash — 
. F = the weight of free fat 

= the weight of soapfat 
-W = the weight of oven-dry extracted wool 
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ated A.S.T.M. Designation: D 403 -35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to — 
nnual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssUED, 1934; REVISED, 19352 


Scope 
1. These methods of testing and tolerances apply to single or plied 

woolen yarns of any of the following three types: 

Scoured Spun in Oil Yarn, made from thoroughly scoured wool to 
which oil has been added; 
aes Semiscoured Spun in Oil Yarn, made from wool which has been washed 
+5) § atthe source but not scoured, and to which oil has been added; 

Dry Spun Yarn, made from thoroughly scoured wool without the 
ddition of oil. 


+S) § Materials and Workmanship 

2. The yarn shall be reasonably clean and free from slubs and shall 
_— ] be reasonably uniform in diameter in view of the purpose for which it is 
45) used. 


Packing and Marking - 
3. Each case, beam, or other package of yarn shall be plainly marked 
with the name of the vendor, the net and gross weights, and some means 


of identifying the contract under which it was delivered. 


4. Yarn may be rejected if it fails to meet any of the requirements 
‘pecified. In case of rejection, the vendor must be notified within 10 days 
of the shipment. 
Definitions 

5. (@) Yarn Number—The number of a woolen yarn shall be the 
umber of thousands of yards per pound (Typp System). 


AS ronder the standardization procedure of the Society, these methods are under the jurisdiction of the 
“IM. Committee D-13 on Textile Materials. 
“yaatest revision accepted by Committee E-10 on Standards, August 22, 1935. 
sae wee the Yarn Number Conversion Table which appears as Appendix II of the volume of “A.S.T.M. 
» lards on Textile Materials,” p. 199; available as a separate publication, October, 1935; also appended to 
‘ue 1935 Report of Committee D-13 on Textile Materials, see p. 452. a 
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(b) Direction of Twist.—The direction of twist shall be as defined jn 
the Tentative Definitions and Terms Relating to Textile Materials 
(A.S.T.M. Designation: D 123 — 35 T) of the American Society for Testing 
Materials, as follows: 

Twist, Direction of.—A yarn or cord‘has ‘‘S”’ twist if, when held in a 
vertical position, the spirals conform in slope to the central portion of the 
letter “S,” and “Z” twist if the spirals conform in slope to the central 
portion of the letter “Z.” 


Twist “Z” Twist 


(c) Standard Regain.—The standard regain for woolen yarn shall bi 
13 per cent, which is equivalent to 11.5 per cent moisture content. 

(d) Standard Condition.—Standard condition of woolen yarn shall b 
that reached by the yarn in equilibrium with an atmosphere having a 
relative humidity of 65 per cent +2 per cent at 70 to 80 F. (21 to 27 C.). 

(e) Moisture Equilibrium.—It shall be considered that moisture 
equilibrium is reached when two successive weighings not less than 15 min. 
apart show not more than 1.0 per cent change in weight. 


‘TOLERANCES 
Tolerances 


6. Tolerances shall be the limits within which a textile must come in 
its specified characteristics in order that it shall constitute a good delivery 
on contract. 

7. Woolen yarns shall conform to the following tolerances. Where 
averages are used the number of tests shall be reported and the standard 
deviation or some other method of dispersion indicated. 

(a) Weight.—The net weight of the shipment of yarn shall be calculated 
to the basis of standard regain. 
(b) Yarn Number.—-The average yarn number shall be as specified 


within the following permissible variations: 
PERMISSIBLE VARIATIONS 
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in (c) Twist.—The average twist of yarn from all of the packages tested 
als § all not vary more than +7} per cent from the specified twist. The 
ing Ju.verage twist of yarn from any one package shall not vary more than 
- [[-7! per cent from the average for any other package in the shipment. 
na § (d) Direction of Twist.—The direction of twist shall be as specified. 
th (e) Breaking Strength—The breaking strength of yarn shall be not 7 
tral than that specified. 
(f) Fat Content.—Scoured spun in oil yarn shall contain not more 
than 7 per cent of fat; semiscoured spun in oil yarn, not more than 15 
yer cent of fat; and dry spun yarn, not more than 2 per cent of fat. 


METHODS OF TESTING 
Sampling 


8. (a) Samples shall be so selected as to be fairly representative of _ 
the shipment. 
(}) For yarn on cones, spools, or bobbins, four cones, spools, or 
tobbins shall be selected from each case of yarn. : 
c) For yarn on beams, each beam of yarn shall be tested separately. 
| be & Preparation of Skeins 
9. Standard skeins of 120 yd. shall be prepared by winding the yarn 
ll be § "a reel having a perimeter of 15 yd. Care must be used to maintain 
ng a § wiform tension. ‘The yarn shall make one full turn around single guides 
. ir pass straight through double guides. It is preferable to equip yarn 
sture with motors. 


min. Yan Number 


10. Standard skeins shall be weighed to an accuracy of 0.25 per = 
id the yarn number calculated. The yarn number shall be the arith- 
etical mean of the results. 


ne in § Breaking Strength 
ivery ll. (a) Skein Method.—A conditioned skein shall be broken on an 


‘pproved type of testing machine. ‘The drums of the machine shall be 
Vhere § cylindrical spools not less than 1 in. in diameter and width, at least one of 
dard § which shall be free to turn on its axis. ‘The speed of the pulling drum when 
‘unning free shall be 12 in. + } in. per minute. ‘The average skein breaking 

lated ff strength shall be the arithmetical mean of the results. 
b) Single Strand Method.—A conditioned single strand shall be 
cified J ‘token on an approved type of testing machine with the jaws set 10 in. 


tt. The speed of the pulling jaw when running free shall be 12 in. 
in. per minute. The average single strand breaking strength shall be - 
irithmetical mean of the results. 


| 
| 
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Twist 

12. (a) Single Yarns.—The first 2 yd. of any package of yarn shall be 
discarded. The yarn, drawn just taut enough to prevent sagging, shall be 
clamped in a twist counter with jaws set 4 in. apart. One jaw shall be 
rotated until the twist is removed as indicated by passing a sharp pointed 
needle from jaw to jaw. Not more than 3 in. of yarn shall be left out 
between individual tests. The twist of a shipment shall be the average of 
80 tests taken at 20 continuous lengths of each of four strands. Care must 
be taken that the yarn is drawn from the side of a package of yarn and 
also that it is not twisted or untwisted while handling. 

(b) Plied Yarns.—The twist in plied yarns shall be determined as in 
Paragraph (a) with the following exceptions: The jaws shall be set 10 in. 
apart and a tension equal to the weight of 100 yd. of yarn shall be applied. 
The twist of the shipment shall be the average of 40 tests taken at 10 
continuous lengths of each of four strands. 


Fat Content 

13. (a) Free Fat.—Three 10-g. samples (approximate) shall be 
extracted separately in a Soxhlet apparatus for 20 extractions with alcohol- 
free ethyl ether (Note). In the bottom of the Soxhlet apparatus ther 
shall be lightly placed a thin layer of cotton, previously extracted with 


ethyl ether, as a filter covering the opening of the siphon tube. The ether 
then shall be evaporated from the extract and the residue dried to constant 
weight at 212 to 221 F. (100 to 105 C.). This residue is free fat. 
Note.—C.p. carbon tetrachloride shall be substituted for ethyl ether for Code work 
(b) Soap Fat.—The samples from which the free fat has been removed 
(Paragraph (a)) shall be extracted in a Soxhlet apparatus for 12 extractions 
with neutral 95 per cent alcohol. The alcohol shall then be evaporated 
from the extract. After adding 25 to 30 ml. of 0.1 N HCl this shall b 
boiled and cooled. ‘The solution shall then be shaken with an equal volum 
of neutral ether and decanted. This shall be repeated twice. ‘The thre 
ether extracts shall be combined and washed once by shaking with an equa’ 
volume of distilled water and. then decanted. The ether shall then bi 
evaporated from the extract and the residue dried to constant weight at 21° 
to 221 F. (100 to 105 C.). This residue is soap fat. 
(c) Weight, Oven-Dry Extracted Wool.—The extracted wool (Paragrap! 
_ (b)) shall be dried to constant weight at 220 to 230 F. (105 to 110 C.). 
(d) Calculations.—The percentage of free fat and of soap fat may be 
calculated on a dry or a standard regain basis by the following formulas: 
F xX 100 2 
Free Fat (dry basis), per cent = 
S x 100 
W+F+S. 


Soap Fat (dry basis), per cent = 
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F x 100 
100 + standard regain x (W +F +5) 


100 
S x 100 7 


ap Fat (standard regain basis), per cent = 


100 + standard regain | 
100 x(W+F +S) 
shere /’ = the weight of free fat sa, —_ 
S = the weight of soap fat ie - 
I’ = the weight of oven-dry extracted wool 


e) Three samples shall be tested from each case or beam of yarn. 
ff the three determinations do not check, or if the average results fail to 
ynform to the specification requirements, three additional samples shall 
e tested from the same case or beam from which the original samples were 
taken. 

Regain Determination 

14. (a) Three samples of not less than 200 g. each shall be selected 
nd weighed at the same time and under the same conditions as the bulk 
{the yarn which the samples represent. ‘These samples shall then be 

laced in a conditioning oven at a temperature of 220 to 230 F. (105 to 
il0C.). When no change in weight is noted in three consecutive weighings 
it 10-min. intervals, the yarn shall be considered ‘‘oven dry.” 

(b) The difference between the average of the original (initial) weights 
{the sample and the average of the oven-dry weights of the same shall be 

sidered as the “‘moisture loss.” 

c) The percentage regain equals the moisture loss multiplied by 100 | 
nd divided by the average oven-dry weight. 


| 
: 
> 


TENTATIVE METHODS OF TESTING AND TOLERANCES 


FOR 
WORSTED YARNS' 


A.S.T.M. Designation: D 404-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject t 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S Broad St., Philadelphia, Pa. 


IssuED, 1934; REVISED, 1935.? 
Scope 


1. These methods of testing and tolerances apply to single or plied 
worsted yarns of any of the following two types: 
Dry Spun Yarn, made from dry combed tops; 
Oil Spun Yarn, made from oil combed tops. 


Materials and Workmanship 

2. The yarn shall be reasonably clean and free from slubs and shall 
be reasonably uniform in diameter in view of the purpose for which it is 
Packing and Marking 

3. Each case, beam, or other package of yarn shall be plainly marked 


with the name of the vendor, the net and gross weights, and some means of 
identifying the contract under which it was delivered. 


Rejection 

4. Yarn may be rejected if it fails to meet any of the requirements 
specified. In case of rejection, the vendor must be notified within 10 days 
of the shipment. 


Definitions 
5. (a) Yarn Number.—The number of a worsted yarn shall be the 
number of thousands of yards per pound (Typp System).? 

(b) Direction of Twist-—The direction of twist shall be as defined in the 
Tentative Definitions and Terms Relating to Textile Materials (A.S.T.M. 
Designation: D 123 - 35 T) of the American Society for Testing Materials, 
as follows: 


1 Under the standardization procedure of the Society, these methods are under the jurisdiction of the 
A.S.T.M. Committee D-13 on Textile Materials. 

? Latest revision accepted by Committee E-10 on Standards, August 22, 1935. ‘ Mu 

*See the Yarn Number Conversion Table which appears as Appendix II, of the volume of “A.S.T.M. 
Standards on Textile Materials,” p. 199; available as a separate publication, October, 1935; also appended to 
the 1935 Report of Committee D-13 on Textile Materials, see p. 452. 
(1268) 
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Twist, Direction of —A yarn or cord has ‘‘S”’ twist if, when held in a_ ; 
vertical position, the spirals conform in slope to the central portion of the 
etter “S,” and “Z” twist if the spirals conform in slope to the central 
ortion of the letter “Z.” 


ect to 
of the 
plied 
Twist “Z” Twist 
c) Standard Regain.—The standard regain for worsted yarn shall be 
\j per cent for dry spun and 13 per cent for oil spun, which is equivalent 2 
(3.04 per cent and 11.5 per cent moisture content, respectively. 
shall d) Standard Condition.—Standard condition of worsted yarn shall be 
it is it reached by the yarn in — with an atmosphere having a 
tive humidity of 65 per cent + 2 per cent at 70 to 80 F. (21 to 27 C.). 
e) Moisture Equilibrium.—It shall be considered that moisture 
- juilibrium is reached when two successive weighings not less than 15 min. 
ark 


part show not more than 1.0 per cent change in weight. 


TOLERANCES 


Tolerances 
nents 6. Tolerances shall be the limits within which a textile must come in 
days ff its specified characteristics in order that it shall constitute a good delivery 
contract. 


. Worsted yarns shall conform to the following tolerances. Where 
) ges are used the number of tests must be reported and the standard 


the lation or some other method of dispersion indicated. 

in the a) Weight—The net weight of the shipment of yarn shall be calcul a : 
TM the basis of standard regain. 

oat b) Yarn Number.—The average yarn number shall be as specified 


ithin the following permissible variations: 


PERMISSIBLE VARIATIONS 


STM. Si +3.5 per cent 
ended to ingle Yarns near +3 percent 


— 
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(c) Twist.—The average twist of yarn from all of the packages tested amy 
shall not vary more than +7} per cent from the specified twist. The § @™ 
average twist of yarn from any one package shall not vary more than need 
+7} per cent from the average for any other package in the shipment. betwe 

(d) Direction of Twist.—The direction of twist shall be as specified. a) tes 

(e) Breaking Strength—The breaking strength of yarn shall be not § % tal 
less than that specified. that } 

(f) Fat Content—Dry spun yarns shall contain not more than 1} \ 
per cent of fat, and oil spun yarns not more than 4 per cent of fat. Parag 

METHODS OF TESTING = 

Sampling 
8. (a) Samples shall be so selected as to be fairly representative oj 
the shipment. Fat C 

(b) For yarn on cones, spools, or bobbins, seven cones, spools, or | 
bobbins shall be selected from each case of yarn. extra 

(c) For yarn on beams each beam of yarn shall be tested separately. oi 
ye 
ther 
shall 
weig] 


contil 


Preparation of Skeins 
; 9. Standard skeins of 120 yd. shall be prepared by winding the yam 
on a reel having a perimeter of 1} yd. Care must be used to maintain 
uniform tension. ‘The yarn shall make one full turn around single guides or 
pass straight through double guides. It is preferable to equip yarn reel 
with motors. 
Yarn Number 

Wi 

10. Standard skeins shall be weighed to an accuracy of 0.25 per cent B from 
and the yarn number calculated. The yarn number shall be the arithmetical J poile 
mean of the results. of ne 


. (a) Skein M ethod.—A conditioned skein shall be heoken on ang Yolu 
wae type of testing machine. ‘The drums of the machine shall be 
cylindrical spools not less than 1 in. in diameter and width, at least one 0! 
which shall be free to turn on its axis. The speed of the pulling drum whet 
running free shall be 12 in. + } in. per minute. The average skein breaking 

strength shall be the arithmetical mean of the results. 

(b) Single Strand Method.—A conditioned single strand shall be broke: 
on an approved type of testing machine, with jaws set 10 in. apart. ‘The 
speed of the pulling jaw when running free shall be 12 in. + } in. per minute. 
The average single strand breaking strength shall be the arithmetical mean 


Twist 


12. (a) Single Yarns.—tThe first 2 yd. of any package of yarn m shell be 
discarded. The yarn, drawn just taut enough to prevent sagging, shall be 


| 
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damped in a twist counter with jaws set 4 in. apart. One jaw shall be 
rotated until the twist is removed as indicated by passing a sharp pointed 
needle from jaw to jaw. Not more than } in. of yarn shall be left out 
between individual tests. The twist of a shipment shall be the average of 
4) tests taken at 20 continuous lengths of each of four strands. Care must 
be taken that the yarn is drawn from the side of a package of yarn and also 
that it is not twisted or untwisted while handling. 

(b) Plied Yarns.—The twist of plied yarns shall be determined as in 
Paragraph (a) with the following exceptions: The jaws shall be set 10 in. 
apart and a tension equal to the weight of 100 yd. of yarn shall be applied. 
The twist of the shipment shall be the average of 40 tests taken at 10 
continuous lengths of each of four strands. 


ive of 
Fat Content 
Is, or 13. (a) Free Fat.—Three 10-g. samples (approximate) shall be 
xtracted separately in a Soxhlet apparatus for 20 extractions with alcohol- 
ely. iree ethyl ether (Note). In the bottom of the Soxhlet apparatus there shall 
lightly placed a thin layer of cotton, previously extracted with ethyl 
ther, as a filter covering the opening of the siphon tube. ‘The ether then 
shall be evaporated from the extract and the residue dried to constant 
weight at 212 to 221 F. (100 to 105 C.). This residue is free fat. 
NotE.—C.p, carbon tetrachloride shall be substituted for ethyl ether for Code work. 
(b) Soap Fat.—The samples from which the free fat has been removed 
Paragraph (a)) shall be extracted in a Soxhlet apparatus for 12 extractions 
with neutral 95 per cent alcohol. The alcohol shall then be evaporated 
rcent @ from the extract. After adding 25 to 30 ml. of 0.1 N HCl this shall be 
etic: boiled and cooled. The solution shall then be shaken with an equal volume 
{ neutral ether and decanted. ‘This shall be repeated twice. ‘The’ three 
ther extracts shall be combined and washed once by shaking with an equal 
on an @ Volume of distilled water and then decanted. ‘The ether shall then be 
all be @ ¢Vvaporated from the extract and the residue dried to constant weight at 
oneoi @ 212 to 221 F. (100 to 105 C.). This residue is soap fat. 
| when (c) Weight, Oven-Dry Extracted Wool.—The extracted wool (Paragraph 
eaking shall be dried to constant weight at 220 to 230 F. (105 to 110 C.). 
(d) Calculations—The percentage of free fat and of soap fat may be 
yroken culated on a dry or a standard regain basis by the following formulas: | 


The 
ree Fat (dry basis), per cent = M8. 


sinute. W+F+S 
| meat x 100 
ap Fat (dry basis), per cent = tei 


W+F+S 


yarn 
intain 
des or 
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F x 100 
rree Fat (standard regain basis), per cent = 
hall be 100 + standard regain 


xX (W+F 4+ S) 


100 
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Soap Fat (standard regain basis), per cent = Page — nate 
100 —— <(W +P 4+ 
where F = the weight of free fat . _ 
S = the weight of soap fat . : 
W = the weight of oven-dry extracted wool 


(e) Three samples shall be tested from each case or beam of yarn. 
If the three determinations do not check, or if the average results fail to 
conform to the specification requirements, three additional samples shall be 
tested from the same case or beam from which the original samples were 


Regain Determination 


14. (a) Three samples of not less than 200 g. each shall be selected and 
weighed at the same time and under the same conditions as the bulk of the 
yarn which the samples represent. ‘These samples shall then be placed ina 
conditioning oven at a temperature of 220 to 230 F. (104 to 110 C.). When 
no change in weight is noted in three consecutive weighings at 10-min 
intervals, the yarn shall be considered “oven dry.” 

(b) The difference between the average of the original (initial) weights 
of the sample and the average of the oven-dry weights of the same shall be 
considered as the ‘‘moisture loss.” 

(c) The percentage regain equals the moisture loss multiplied by 100 
and divided by the average oven-dry weight. 
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TEN TATIVE DEFINI TIONS AND TERMS RELATING TO | 
TEXTILE MATERIALS! 


A.S.T.M. Designation: D 123 - 35 T 


This is a Tentative Standard and under the Regulations of the Society is subject 7 
to annual revision. Suggestions for revision should be addressed to the Head- a 
quarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


IssueD AS TENTATIVE, 1921; ADOPTED IN AMENDED Form, 1927; REVISED, 1930; _ 
REISSUED AS TENTATIVE, 1933; REVISED, 1934, 1935. a 


Abacé.—See Fibers, Vegetable. 

African Sisal.—Under Fibers, Vegetable, see Sisal. 

Airplane Fabric (Cotton).—A plain-weave fabric well woven, prac- 
tically without imperfections, of mercerized two-ply yarns, width 

36 to 56 in., maximum weight 4.5 oz. per sq. yd., and threads per 

inch warp and filling 80 to 84. 

Ambari.—Under Fibers, Vegetable, see Kenaf. 
Asbestos Roving.—Asbestos roving is composed of a mixture of dese 
tile asbestos and cotton or other vegetable fiber. 

Reinforced Asbestos Roving.—Reinforced asbestos roving is com- 
posed of a core of cotton yarn covered with a mixture of 
chrysotile asbestos and vegetable fiber. 

Asbestos Yarn.—Yarn consisting of: (1) asbestos fiber; (2) asbestos 
and vegetable fibers; (3) asbestos and vegetable fibers and wire; or 

(4) asbestos and vegetable fibers with an insert of cotton or other 

yarn reinforcement. 

Plain Asbestos Yarn.—Yarn consisting of: (1) asbestos fiber, or 
(2) asbestos and vegetable fibers. 

Metallic Asbestos Yarn.—Yarn consisting of plain asbestos yarn 

twisted with brass, copper or other fine wire. It is also 

termed “‘ wire- inserted yarn.” 

Bad Casts (Raw Silk).—Abruptly thickened places on the threads due 
to the cocoon filament not being properly attached to the thread, : 
or made by adding more than one cocoon filament at a time. 


‘ Under the standardization procedure of the Society, these definitions are under the jursidiction 7 
of the A.S.T.M. Committee D-13 on Textile Materials. 
These tentative definitions comprise a revision and combination of the former Standard Defi- 
nitions of Terms Relating to Textile Materials (A.S.T.M. Designation: D 123 - 30) and Tentative 
Definitions of Terms Relating to Textile Materials (A.S.T.M. Designation: D 123 - 30 T), which 
definitions were accordingly discontinued in 1933. 


(1273) 
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Bagging.—A very heavy loosely woven fabric used for bale tares, etc., 
woven from heavy tight-twisted roving, consisting largely of 
reworked and waste fibers. Also known as “‘gunny.” 

Bahama Sisal.—Under Fibers, Vegetable, see Sisal. _ 

Benares Sunn.—Under Fibers, Vegetable, see Sunn. 

Bimlipatam Jute.—Under Fibers, Vegetable, see Kenaf. 

Binder Twine.—A somewhat stiff, single strand yarn, 3 to 4 mm. in 
diameter, made of hard fibers (henequen, sisal, abac4, or phor- 
mium), used chiefly for binding bundles of grain, etc. 

Boiled-Off Silk.—Silk with the gum (sericin) removed. 

Bombay Aloe.—Under Fibers, Vegetable, see Cantara and Piteira. 

Book-Fold.—The fabric is doubled selvage to selvage, then folded 
back and forth upon itself in predetermined lengths. When the 
piece is completed, the fold-edges on each side are folded to the 
center and the piece is folded once more upon itself so that the 
fold-edges are inside, forming a compact package as long as 

- one-half the width of the goods. 


Broken Pick.—A streak across the width of the fabric caused by a 
completely or partially missing pick. 

Brown Hemp.—Under Fibers, Vegetable, see Sunn. 

Burlap (Jute).—A coarse, heavy, plain-weave fabric of coarse single 
yarn. 

Cable Twist.—A twine, cord, or rope construction in which each 
successive twist is in the opposite direction to the preceding twist. 

Cantala.—See Fibers, Vegetable 

Cellulose-A cetate Rayon.—See Fibers, Artificial. 

China Grass.—See Fibers, Vegetable. 

China Hemp.—Under Fibers, Vegetable, see Hemp. 


_ Chingma.—See Fibers, Vegetable. 


Cockled or Cockling.—A curliness or crimpiness appearing in fabrics 


| per different sizes of yarn or varying tensions on the yarns are 


accidentally introduced. 


Coir.—See Fibers, Vegetable. 
Cordage F’ibers.—See Fibers, Cordage. 
Corkscrews (Raw Silk).—A place in the thread in which one or more 
_ cocoon filaments are longer than the remainder and give the 
appearance of a spiral form. 


Heavy Corkscrews (Raw Silk).—Corkscrews which are more than 
twice the diameter of the thread. 


Corkscrew Twist.—A place in the yarn or cord where an uneven twist 
gives a corkscrew-like appearance. 
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Cotton.—See Fibers, Vegetable. 

Crimp.—The difference in distance between two points on a yarn as 
it lies in a fabric and the same two points when the yarn has been 
removed from the fabric and straightened, expressed as a per- 
centage of the distance between the two points as the yarn lies 
in the fabric. 

Cuprammonium Rayon.—See Fibers, Artificial. 

Cut (Asbestos).—A term indicating the number of an asbestos yarn. 
The word “cut” preceded by a number indicates, in multiples of 
100 yd., the yardage per pound of single-ply yarn. For example, 
“5 cut” indicates that a pound of single-ply yarn so designated 
measures approximately 500 yd.; “10 cut” indicates a yarn that 
measures approximately 1000 yd. per lb. 

(Woolen).—See Yarn Number (Woolen—Cut). 

Da or Dha.—Under Fibers, Vegetable, see Kenaf. 

Daisee Jute-—Under Fibers, Vegetable, see Jute. 

Defective Splice—A splice having irregular final twist, untrimmed 
ends, or excessive thickness or thinness. 

Denier.—A unit of weight (0.05 g.) used to express the number of silk 
and rayon yarns. ‘The weight in units of 0.05 g. of a 450-m. skein 
at standard conditions is the denier of silk and rayon (exclusive 
of spun silk and staple rayon) yarn. It is also equal numerically 
to the weight in grams of a 9000-m. skein at standard conditions. 

Dungaree (Cotton).—A heavy cloth woven in the 2/1 twill weave 
from dyed warp and filling yarns, in narrow widths, usually 28 
in.; approximate number of threads per inch, warp 68 and filling 
52; yarn number both warp and filling 20’s. 


End.—An individual warp yarn. — 
Jackels.—See Jackets. 
ver.—A slender, elongated filament, such as rayon, silk, or wool; or 
a single elongated cell, like cotton or kapok; or a slender strand 
composed of aggregations of elongated cells like flax, jute and sisal. 
'tbers, Artificial: 

Cellulose-Acetate Rayon.—Filaments composed of an acetic ester 
of cellulose which has been coagulated or solidified from its 
solution. 

Cuprammonium Rayon.—Filaments composed of a regenerated 
cellulose which has been coagulated or solidified from a 
solution of cellulose in ammoniacal copper oxide. 

Nitrocellulose Rayon (Chardonnet).—Filaments composed of a 

_ regenerated or denitrated cellulose which has been coagulated 
_ or solidified from a solution of nitrated cellulose. 
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Viscose Rayon.—Filaments composed of a regenerated cellulose 
which has been coagulated or solidified from a solution of 
cellulose xanthate. 


Fibers, Cordage.—Coarse hard fibers, such as abac4, sisal, henequen, 
cantala, phormium, palma and piteira (see Fibers, Vegetable), 
used in the manufacture of ropes and coarse twines. Generally 
too coarse and stiff to be woven into fabrics. 


Vibers, Hard or Leaf.—Rather stiff elongated strands from leaves like 
sisal, henequen, and piteira (see Fibers, Vegetable), or leaf stems 
like abac4, used chiefly in coarse twines, ropes and heavy cordage. 


Fibers, Soft or Bast.—Flexible elongated strands from the inner bark 
of plants like flax, hemp, jute and ramie, used in twines, nets and 
woven fabrics. 


Fibers, Textile-——Slender filaments or strands that cling together, 
enabling them to be spun into yarns of appreciable strength and 
sufficiently pliable to be woven or knitted into fabrics. Essential 
requisites are tensile strength, length of at least 5 mm. and more 
than 100 times the diameter, pliability and cohesiveness; 
desirable, but not essential, properties are elasticity, fineness, 
uniformity, durability and luster. Textile fibers include cotton, 
flax, jute, and many other fibers of vegetable origin; silk, wool 
and various hairs of animal origin; rayon and allied synthetic or 
artificial fibers; and asbestos of mineral origin. 


Fibers, Vegetable: 


Abacé (a-ba-k4).—A hard fiber, rather coarse, firm texture, 
| cream-white to brown in color, 150 to 350 cm. long, strong 
_and durable from the leaf stems forming the trunk of the 
abacé plant, Musa textilis, cultivated in the Philippine 
Islands, Sumatra, Java and Borneo; used in ropes and 
coarse twines and cordage, especially marine cordage, oil- 
well cables, and binder twine. Called “Manila hemp” in 
the market, but quite unlike true hemp, also called “Cebu 
hemp” and “ Davao hemp.” 


Cantala.—A hard fiber, finer, softer and weaker than sisal, 

yellow-white to brownish white, 75 to 150 cm. long, from 

— leaves of the cantala plant, Agave cantala, cultivated in the 

Philippine Islands, Java, Sumatra and India; used in coarse 

twines including binder twine. Called “Manila maguey” 

and “Cebu maguey” in market quotations for water-retted, 
7 hand-cleaned cantala of the Philippine Islands. 
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Fibers, Vegetable (Continued): 
China Grass.—Ramie fiber separated from the stalk and the thin 


outer bark, but not degummed; the form in which it is 
usually exported from China. 


Chingma (Ching’-mah).—A rather coarse soft fiber, usually flaggy 
and fuzzy, straw-white, from the inner bark of the chingma 
plant, Abutilon theophrasti, cultivated in northern China 
and Japan. Called “China jute” and ‘“‘Tientsin jute,” but 
it is not a true jute. 

Coir.—A hard fiber, usually brown, 10 to 25 cm. long, from the 
outer husk of the cocoanut, Cocos nucifera, produced chiefly 
in Ceylon and southern India; used in door mats and as a 
stuffing fiber in upholstery. 

Colton.—Fine, one-celled, twisted fibers, white or in some types 
tawny, brown or green, 20 to 50 mm. long, growing on the 
seeds of several different species of the genus Gossypium; 
used more than all other vegetable fibers, and for a wider 
range of purposes including yarns, twines, woven and knit 

oods, upholstery stuffing and packing. 

American short-staple upland cotton—Fiber 20 to 27 mm. 
long, from Gossypium hirsutum, cultivated in the southern 
part of the United States and introduced into nearly all 
cotton-growing countries. 


A merican long-staple upland cotton.—28 to 40 mm. long, from 
selected varieties of Gossypium hirsutum, cultivated 
largely in the Yazoo-Mississippi delta. Also called 
“delta cotton.” 


‘Arizona Egyptian cotton.—Fiber 35 to 45 mm. long, from 
modified forms of Gossypium barbadense, cultivated in 
Arizona and southern California, includes ‘Pima 
cotton.” 


_ Egyptian cotton.—Fiber 30 to 40 mm. long, white or in some 
varieties light brown, from modified forms of Gossypium 
barbadense, cultivated chiefly in lower Egypt, includes 
“‘Sakellarides,” ‘‘Zagora,”’ etc. 


% ndia cotton.—Short staple, 18 to 25 mm. long, from Gos- 
sypium neglectum, cultivated in India. 
_ Levant colton.—Short staple, 18 to 25 mm. long, from Gos- 


sypium herbaceum, cultivated in Asia Minor and 
countries bordering the Mediterranean Sea. 
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Fibers, Vegetable (Continued): 


Rough Peruvian colton.—A rather harsh, wiry cotton, from 
Gossypium peruvianum, cultivated in Peru, used chiefly 
_ for mixing with wool. 


Sea island cotton.—Fine fiber, 30 to 50 mm. long, from 
Gossypium barbadense, cultivated chiefly in the West 
Indies, used in the finest cotton yarns. 


Flax.—A soft, fine fiber, dark gray, bluish green, brown or 
cream white, 40 to 100 cm. long, from the inner bark of the 
fiber flax plant, Linum usilalissimum, cultivated chiefly in 
northern Europe; used in linen thread, shoe thread, seine 

- twine, sacking twine, laces, table linen, handkerchiefs, 
towels and in all true linens. 


Courtrai flax.—Flax fiber of superior quality, very carefully 
prepared from straw retted in the River Lys, or most of 
it in recent years tank-retted in the vicinity of Courtrai, 
Belgium. 

Dew-retted flax (Slanetz of Russia).—F lax fiber prepared by 
spreading the plants on the ground and exposing to the 
weather for retting. 


flax tow.—Short or tangled fiber beaten out in scutching— 
often called scutching tow; or combed out in hackling 
and called machine tow; used in flax yarns and twines. 
(This flax tow is distinctly different from upholstery 
flax tow.) 


Flemish flax—Flax produced in Flanders (northeastern 
France and Belgium). 


Hackled flax (also called “dressed flax” or ‘“‘dressed line”’).— 
Flax fiber, which after being scutched, has been cleaned 
further by combing over hackles. 


Trish flax.—F lax fiber produced in northern Ireland, mostly 
retted in bogs, yielding a very strong fiber. 


Risten (R in market quotations).—The standard grade of 
flax on which other grades of the Baltic countries are 
based. 


Water-retted flax (Motchenetz of Russia).—Flax fiber, light 
cream-white to gray in color, prepared by retting the 


plants in water. 
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Fibers, Vegetable (Continued): 


Hemp .—A soft fiber, dark steel gray to cream-white, usually in 
narrow flat ribbons, 100 to 250 cm. long, from the j inner bark 
of the hemp plant, Cannabis sativa, cultivated in Italy, 
Soviet Republic, Yugoslavia, Hungary, China, Japan, Chile, 
Wisconsin, Illinois and Kentucky; used in America in © 
commercial twines, marlines, halyards and tarred rigging. 


Hemp line-—Hemp fiber, scutched and prepared so that the 
fibers lie straight and parallel. 


Hemp tow.—Short or tangled hemp fiber, beaten out in 
scutching the long fiber, or hemp fiber produced from 
short or tangled stalks. 


Italian hemp.—Hemp fiber produced in Italy, mostly water-_ 
retted and well prepared and graded. 


Kentucky rough prime.—The best quality of Kentucky dew- — 
retted hemp, broken on hand brakes, but not hackled. 7 


Kentucky single-dressed.—Kentucky hemp further ee 
by drawing it over a coarse hackle. 


Russian hemp.—Hemp fiber chiefly dew-retted and prepared 


by hand in the Soviet Republic. 


Wisconsin hemp.—Hemp fiber produced in Wisconsin by 
dew-retting and breaking and scutching by machinery. 


Henequen (hen-e-ken’).—A hard fiber, rather coarse, of firm 
texture, light yellow or sometimes reddish yellow, cylindrical, 
75 to 150 cm. long, from the leaves of the henequen plant, 
Agave fourcroydos, cultivated in the Yucatan peninsula, and 
in Tamaulipas in Mexico and in Cuba; used chiefly in binder 
twine and in other coarse twines and small ropes. 


Tstle (eest’-ley).—Hard fibers, light yellow, 20 to 50 cm. long, 
cylindrical and stiff, from the leaves of two closely related 
species of A gave, growing without cultivation in Mexico, used 
chiefly in brushes, and to a less extent in twines; used in 
Mexico for handmade twines and coarse sacks. Also called 
“Tampico” and ‘ Mexican Fiber.” 


Jute——Soft fibers, light yellow to nearly white or bright copper 
to deep slate, changing in age to dingy brown or gray, 100 
to 500 cm. long, averaging about 240 cm. exclusive of butts. 
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Fibers, Vegetable (Continued) : 


from the inner bark of the round-pod jute, Corchorus cap- 
sularis, and the long-pod jute, Corchorus olitorius, cultivated 
in India, chiefly in Bengal, and to a very limited extent 
elsewhere in southern Asia and in tropical Africa; used in 
twines, gunnies, burlaps, hessians, carpet yarns, sacks for 
sugar, coffee, grain, feed, fertilizer and wool, and backing 
for linoleum and oilcloths. 


Jute butts —The flaggy lower ends of jute fiber, 10 to 25 cm. 
long, cut off in preparing jute for market, used in twines 
and coarse bagging, especially in covering for bales of 
cotton. 


Daisee jute (also spelled desi and deshi, meaning “local”’).— 
Fiber of long-pod jute, Corchorus olitorius, grown in the 
brackish soils in the region of Calcutta, generally ranging 
from copper brown to slate gray. 


Tossa jute.—Fiber of long-pod jute, Corchorus olitorius, grown 
on uplands in eastern India; pearl gray to deep slate 


color or copper brown. 


Kapok— Stuffing fiber, composed of single cells 20 to 30 mm. long, 
white gray or tawny in color, produced in the seed pods of 
the kapok tree, Ceiba pentondra, and closely allied species of 
the bombax family, resistant to the absorption of moisture, 
resilient and buoyant; used as stuffing in pillows, mattresses 
and life preservers and for temperature and sound insulation. 


Kenéf.—A soft jute-like fiber, light yellow to gray, flaggy at base, 
150 to 250 cm. long, from the inner bark of the ken4f plant, 
Hibiscus cannabinus, cultivated most extensively in Persia 
and Trans-Caspian Russia. Called “Da” in French West 
Africa, ““Gombo” in Portuguese Africa, “Ambari” and 
“Deccan Hemp” in India, “Bimlipatam” in Madras 
Presidency; used in twines and for purposes similar to jute. 


_Mescal Maguey.—A hard fiber, light straw-yellow, slightly finer 
and softer than sisal, 80 to 150 cm. long, from leaves of the 
mescal maguey plant, Agave pseudotequilana, cultivated in 
western Mexico; used in twines and cordage. 
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Fibers, Vegetable (Continued) 


Palma.—A hard fiber nearly white or light brownish yellow, often 
with some coarser dark brown curved ends, 25 to 50 cm. 
long, from the leaves of a tree yucca, Samuelu carnerosana, 
growing on high mountains in northern Mexico; used for 
twines, especially “‘paper twines.” Also called “palma 
istle,” but quite unlike istle fibers. 


Phormium (for’-mi-um).—A hard fiber, reddish yellow or nearly 
white, finer and softer than abaca, 150 to 300 cm. long, from 
the leaves of the harakeke lily, Phormium tenax, growing 
wild and cultivated in New Zealand, and cultivated in St. 
Helena; used chiefly in hard fiber twines, including binder 
twine. Called ‘““New Zealand hemp” and ‘New Zealand 
flax” but the fiber is unlike hemp or flax. 


Piteira (pe-ter’-a).—A hard fiber, nearly white, and finer and 
softer than other hard fibers as it is prepared in Mauritius, 
150 to 250 cm. long, from the leaves of the giant cabuya, 
Furcraea gigantea, native in eastern Brazil and cultivated in 
Mauritius, India and Natal; used chiefly for mixing with 
other fibers to improve the color of ropes. Called 
‘Mauritius hemp,” but it is not a true hemp and is produced 
in other countries besides Mauritius. 


Ramie.—A soft fiber, parchment-like, light yellow or greenish and 
stiff in the form called “China grass,” white, soft and 
slightly coarser than flax when degummed and bleached, 
very strong and durable, from the inner bark of the ramie 
plant, Boehmeria nivea, cultivated in China and Japan; used 
in China for dress goods and ‘‘grass cloth,” in Japan for 
seine twine and mosquito nets and in Germany for shoe 


thread, trimmings, tapestries, and various woven fabrics. 
Also called “rhea.” 


Sisal.—A hard fiber, of firm texture, light yellow or nearly white 
sometimes slightly green, very strong and durable, 100 to 180 
cm. long, from the leaves of the sisal plant, Agave sisalana, 
native in Yucatan, cultivated in East Africa, Java, Sumatra, 
Haiti and the Bahamas; used in hard fiber twines including 
binder twine and also in coarse cordage. 


Bahama Sisal—Retted in sea water and cleaned by hand; 
is finer, softer, weaker and lacking in luster. 
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Fibers, Vegetable (Continued): 


Sunn.—A soft fiber, gray or brown with a wide range of color and 
—_ quality due to differences in preparation, 50 to 150 cm. long, 
from the inner bark of the sunn plant, Crotalaria juncea, 
cultivated in India; used in twines. Also called “Sunn 
hemp,” “India hemp,” “Bombay hemp,” “Brown hemp,” 
and various sorts by the names “Benares,” “Ttarsi,” 

Jubbulpore,” “Madras” and ‘Sewnee.” 


Filament.—A fine fiber or fibril. a 


Flax.—See Fibers, Vegetable. 


Float (Defect).—A place in the fabric where warp or filling threads 
extend unbound over threads with which they should be 
interlaced. 


Gage.—A measure of the fineness of knit fabric as determined by the 
closeness of the wales, that is, the longitudinal rows of loops. It 
is expressed by the number of wales or needles in one and one half 
inches. 

Note.—The word “gage” is also used as an expression of thickness. 

Gombo Hemp.—Under Fibers, Vegetable, see Kenaf. 


Grenadine Yarn (Silk).—A yarn composed of more than one strand, 
each individual strand of which has been doubled with a reverse 
twist, each twist having a minimum of approximately the 
following number of turns per inch depending on the number of 
strands used: 


Minimum Num 
STRANDS OF TURN 


2 (¢% denier or equivalent) 


Note.—When more than 4 strands are used, the minimum number of turt 
is decreased in accordance with the above proportion. 

Hairiness (Raw Silk).—The condition of the thread when there are 
numerous loose ends of cocoon filaments projecting from the 
thread. 

Hawser Twist (Cotton).—A twine, cord or rope construction in whi 
the first and second twists are in the same direction and the third 
twist in the opposite direction. 

Heavy Corkscrews.—See Corkscrews. 

Heavy Goods.—Name applied in Calcutta quotations to material 
called “sacking” in the United States. __ 

Hemp.—See Fibers, Vegetable. 
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Hesstans.—Name applied in United Kingdom, India, and on the © 
Continent to material called “burlap” in the United States. 


Holland Finish (Cotton).—A glazed or unglazed finish, consisting of 
oil and a filling material, applied to cotton fabrics to make them 
opaque or semi-opaque; resembles a beetled linen fabric formerly 
known as “ Holland.” oe 


Indian Hemp.—Under Fibers, Vegetable, see Sunn. 
Istle—See Vibers, Vegetable. 
Italian Hemp.—Under Fibers, Vegetable, see Hemp. 


Jackets (woven or felted).—A textile product, woven or pressed into — 


tubular or sleeve form, ready for covering and shrinking on a_ 
machine roll. 


Jubbulpore Hemp.—Under Fibers, Vegetable, see Sunn. 
Jute.—See Fibers, Vegetable. 


Jule Butts—See Vibers, Vegetable. 
Kapok.—See Fibers, Vegetable. - 
Kenéf.—See Vibers, Vegetable. 
Kink (fabric).—A place in the fabric where a slack strand has twisted | 
on itself, forming a loop in the yarn or cord. 
Kunot.—A joining by tying of threads together. 
Long Knots (Raw Silk).—Knots which have loose ends from 3 to _ 
25 mm. (3 to 1 in.) in length. 
Very Long Knots (Raw Silk).—Knots which have loose ends — 
exceeding 25 mm. (1 in.) in length. 
Laid Fabric (Cotton).—A fabric made without filling yarn, the parallel 


warp yarns being held together by means of rubber latex or other > 
binding material. 


Lea (Cotton).—A 120-yd. skein of yarn containing 80 turns, that is, 
each 1} yd. in length. 


(Linen).—See Yarn Number (Linen). . 
Linen.—Under Fibers, Vegetable, see Flax. ; 
Loop-Knot.—A snarl or curl produced by a filling yarn coiling upon | 


itself. 


Loops (Raw Silk).—Small open places in the thread due to the | 
excessive length of one or more cocoon filaments. 


Long Loops.—Loops which exceed 1 cm. (} in.) in length. _ 
Long Knot.—See Knot. 

Maguey.—Under Fibers, Vegetable, see Cantala and Mescal Maguey. © 
Manila Hemp.—Under Fibers, Vegetable, see Abacd. 

Muuritius Hemp.—Under Fibers, Vegetable, see Piteira. 

Mescal Maguey.—See Fibers, Vegetable. 


and 

ng, 

ced, 

unn 

ip,” 

ads 

the 

It | 

half 

turns 

hich 

hird 

erial 
— 
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Metallic Asbestos Yarn.—See Asbestos Yarn. 
Mexican Fiber —Under Fibers, Vegetable, see Istle. 
Mexican Sisal—Under Fibers, Vegetable, see Henequen. 
Mis pick.—A pick not properly interlaced. 
Moisture Content (Moisture, Percentage of Moisture).—The moisture 
present in a textile material expressed as a percentage of the 
original weight as determined by definite prescribed methods. 

- Moisture-l'ree Weight.—The weight of a textile material determined 

. after drying to constant weight by definite prescribed methods. 

- Moisture Regain.—The moisture present in a textile material expressed 
- a percentage of the moisture-free weight, as determined by 
_ definite prescribed methods. 

_ Natal Hemp.—Under Fibers, Vegetable, see Piteira. 

- Neatness (Raw Silk).—An expression of the degree of freedom of the 

raw silk thread from loops, nibs, and hairiness as defined. 

New Zealand F'lax.—Under Fibers, Vegetable, see Phormium. © 

a Nibs (Raw Silk).—Small thickened places less than 3 mm. (} in.) 
in length. 

; Nitrocellulose Rayon.—See Fibers, Artificial. 

Number of Yarn.—See Yarn Number. 

- Off-Square—The difference between the percentage of warp crimp 

and the percentage of filling crimp. 
— Organzine Yarn.—Two or more raw silk strands twisted in the singles, 
doubled and twisted in the reverse direction in the ply. ‘Turns 
Bey inch in the singles and ply usually within the limits of 10 to 
- 20 turns; generally used as warp. 

Palma.—See Fibers, Vegetable. 

Philippine Maguey.—Under Fibers, Vegetable, see Cantala. 

Phormium.—See Fibers, Vegetable. 

_ Pick.—An individual filling yarn. 

Piteira.—See Fibers, Vegetable. 

Plain Weave.—A fabric pattern in which each yarn of the filling passes 
alternately over and under a yarn of warp and each yarn of the 
warp passes alternately over and under a yarn of the filling. 

_ Ramie.—See Fibers, Vegetable. 

Raw Silk.—Silk as it has been reeled from the cocoon. 

Rayon.—A generic term for filaments made from various solutions of 
modified cellulose by pressing or drawing the cellulose solution 
through an orifice, and solidifying it in the form of a filament. 

Note.—Rayon as commercially manufactured is produced by four different 


processes. The resulting rayons from each process while similar in appearance 
differ amongst themselves and with each other to a more or less degree according to 
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the differences in their physical and chemical properties. The different type rayons 
are known as follows: 


(a) Nitrocellulose Rayon (Chardonnet) 
(b) Viscose Rayon 
(c) Cuprammonium Rayon 
(d) Cellulose-Acetate Rayon 
Reed Marks.—Marks or lines warpwise of the cloth, usually caused by 


too many or too few warp yarns being drawn into a dent, a faulty 
setting of the loom, or imperfections in the reed. 


Regain.—See Moisture Regain. 

Reinforced Asbestos Roving.—-See Asbestos Roving. 

Run (Woolen).—See Yarn Number (Woolen Run). 

Russian Hemp.—Under Fibers, Vegetable, see Hemp. 

Sewed Yarn.—A yarn in the fabric interwoven by hand. 
Shoe-l'old.—The fabric is folded from both ends into twelve or sixteen : 


folds to the piece, the length of the fold aon upon the 
length of the piece. 


Sisal—See Fibers, Vegetable. 

Size—See Yarn Number. 

Slub.—See Slug (General). 

Slug (Raw Silk).—A thickened place several times the diameter of the — 
thread, 3 mm. (} in.) or over in length. 
Long or Large Slug (Raw Silk).—A slug which exceeds 1 cm. 

( in.) in length or which is very much larger in diameter — 
than the thread. | 

(General).—An abruptly thickened place in the yarn or a bunch | 
of lint entangled in the yarn, cord, or fabric. 

smash.—A place in the fabric where a number of warp yarns or © 
cords have been broken, usually due to the shuttle getting caught _ 
in the shed during weaving, or to faulty harness motion. 

ypun Rayon.—Yarn made from cut rayon filaments, the cut filaments 
being twisted and drawn out into a yarn by usual spinning : 
processes. 

Spun Silk.—Silk yarn consisting of short filaments obtained from — 
silk wastes spun in a similar manner to worsted yarn. 

Standard Atmos phere (Textiles).—Air maintained at a relative humidity ; 
of 65 per cent at 70 F. . 

Standard Moisture Regain.—An arbitrary figure formally adopted for 
the regain of any specific textile material to be used in calculating 
the standard weights of shipments or deliveries of textiles. 
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Standard Weight.—The moisture-free weight of a textile material plus 
the weight corresponding to its standard moisture regain. 


Sunn.—See libers, Vegetable. 
Tampico l’iber.—Under Fibers, Vegetable, see Istle. 


Thick and Thin Places (Major Defects).—Places in the fabric where 
for 1 in. or more the count varies more than a specified percentage 
from the specified count. 

(Minor Defects).—Places in the fabric where for less than 1 in. the 
count varies more than a specified percentage from the specified 
count. 

Thread (Silk).—The ply of yarns is sometimes referred to as the 
number of thread, as 2 thread for a 2 ply. 

Thrown Silk.—Raw silk that has been twisted, or doubled and twisted. 

Tientsin Jute-—Under Vibers, Vegetable, see Chingma. 

Tire Builder Fabric.—A fabric consisting of hawser cord yarn in the 
warp with single yarn filling at intervals to keep the warp threads 
together. 

Tossa Jule-—Under Fibers, Vegetable, see Jute. 

Tram Varn (Silk).—Raw silk threads doubled and twisted with a low 
number of turns per inch, generally used as filling, 

Tula Istle-—Under Vibers, Vegetable, see Istle. 

Twill Weave-—A weave which produces pronounced lines running 

_ diagonally across the fabric. 
Warp Face Twill—A twill weave in which the warp threads 
produce the diagonal effect. 

Twine (Not Binder Twine).—A cord made up of two or more yarns 
of medium twist with ply twist in the opposite direction. 

Twist, Direclion of.—A yarn or cord has “S” twist if, when held in a 
vertical position, the spirals conform in slope to the central 
portion of the letter “S,” and “Z” twist if the spirals conform in 
slope to the central portion of the letter “Z.” 


ist Twist 
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Viscose Rayon.—See Fibers, Artificial. 


Webbing, Elastic.—A strong narrow fabric made with rubber threads 
as part of warp or filling or of both. 

Wrong Draw.—A defect in a fabric due to the warp and filling not 
interlacing in accordance with the prescribed weave or design and 
caused when one or more warp yarns have been drawn through the 
wrong harness. 

Yarn.—An assemblage of fibers or filaments of animal, mineral, or 
vegetable origin, alone or in combination, either natural or 
manufactured, twisted or laid together to form a strand or group 
of strands for use in weaving, knitting, or forming in any manner 
into textile materials. 

Yarn Number (Asbestos).—See Cut (Asbestos). 


(Cotton).—The number of 840-yd. hanks contained in 1 Ib. avoir- 
dupois (7000 grains) of the yarn at standard conditions. ‘The 
number of folded or plied yarns is that of the single yarn from 
which they are spun. 

(Jute)—The weight in pounds of a spindle of 14,400 yd. of yarn 
at standard conditions expressed as “pounds per spindle.” 

‘Linen).—The number of 300-yd. hanks contained in 1 |b. avoir- 
dupois (7000 grains) of the yarn at standard conditions. ‘The 
number of folded or plied yarns is that of the single yarn from 
which they are spun. Also known as “lea.” 

(Raw Silk).—See Denier. 

(Rayon).—See Denier. 

(Spun Rayon).—The number of 840-yd. hanks contained in 1 lb. 
avoirdupois (7000 grains) of the yarn at standard conditions. 
The number of folded or plied yarns is that of the single yarn 
from which they are spun. 

(Spun Silk).—The number of 840-yd. hanks contained in 1 Ib. 
avoirdupois (7000 grains) of the yarn at standard conditions. 
The number of folded or plied yarns is that of the finished 
yarn. 

(Woolen—-Cut).—The number of 300-yd. “cuts” or hanks in 1 Ib. 
avoirdupois (7000 grains) of the yarn at standard conditions. 

(Woolen—Run).—The number of 1600-yd. hanks in 1 lb. avoirdu- 
pois (7000 grains) of the yarn at standard conditions. 

(Woolen and Worsted—-Typp System).—The number of a woolen 
or worsted yarn shall be the number of thousands of yards per 
pound. 
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-(Worsted).—The number of 560-yd. hanks in 1 lb. avoirdupois 
(7000 grains) of the yarn at standard conditions. The number 
of folded or plied yarns is that of the single yarn from which 
they are spun. 

Yarn Size.—See Yarn Number. 
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TENTATIVE SPECIFICATIONS 
FOR 
ROUND-HOLE SCREENS FOR TESTING 

A.S.T.M. Designation: E 17 - 35 T 


PURPOSES! 


This is a Tentative Standard and under the Regulations of the Society is subject 
ual revision. Suggestions for revision should be addressed to the Headquarters 


Society, 260 S. Broad Philadelphia, Pa. 
IssuED, 1935.2 = 


scope 


These specifications cover testing screens for use in the classification 
materials according to size in all cases where specifications call for use of 
ns having circular openings. 


Plates 


Type of Frame 


2. Plates used in the manufacture of screens shall be made of brass, 
nze, steel or other rigid metal. Thickness of plates shall be governed 
size of openings as well as screening area of screens and shall conform to 


following requirements: 
NING AREA, THICKNESS OF PLATE, 
Q. IN. DIAMETER OF OPENING, IN. MINIMUM MAXIMUM 
and over......... 3 and 33 0.075 0.130 


.120 


3. Frames for laboratory screens shall be at least 8 in. in diameter. 
mes for standard 8-in. laboratory screens shall conform to the require- 
ts of the Standard Specifications for Sieves for Testing Purposes 
.T.M. Designation: E 11) of the American Society for Testing Mate- 
.° Frames for large screens may be of either hard wood or metal and 
y be square, rectangular or circular, as specified. For screens having 
cular openings 1 in. in diameter or larger, frames larger than 8 in. in 
meter are recommended. 


Under the standardization procedure of the Society, iia specifications are under the jurisdiction of the 
- Committee E-1 on Methods of Testing. 
hese Tentative Specifications are in effect a proposed revision of, and are intended to supersede when 
re Standard, the present Standard Specifications for Round- Hole Screens * aad Testing Purposes 
M. Designation: E 17 - 33), 1933 Book of A.S.T.M. Standards, Part II, p. 1242 


Accepted for publication as tentative by Committee E-10 on Standards, August 22, 1935. 
"1933 Book of A.S.T.M. Standards, Part II, p. 1244. 
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Spacing of Opening 
4. (a) Spacing of openings for all screens shall conform to the fol. 
lowing requirements: 
NoMINAL Wiptn 
NoMINAL DIAMETER OF METAL BEtweex 


OF OPENING, IN. ADJACENT OPENINGS, Iy, 


1 
4 
1 
4 
3 
1 
2 
5 
4 
4 
3 
4 
3 
4 
3 
4 


- (b) The openings shall be so arranged that their centers lie at the 


vertices of triangles which are approximately equilateral within the limits 
given by the permissible variations in width of metal and diameter oi 
opening. 

(c) For screens having openings } in. or less in diameter, the actud 
diameter of any opening shall not vary from the nominal diameter mor 
than 5 per cent. 

(d) For screens having openings over } in. in diameter, the actua 
_ diameter of any opening shall not vary from the nominal diameter mor 
than 3 per cent. 

(e) The width of metal between adjacent openings in the screen plat 

shall not vary from the nominal value given in Paragraph (a) more th 
20 per cent. 
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_ TENTATIVE METHOD OF TEST 

FOR 
LONG-TIME (CREEP) HIGH-TEMPERATURE TENSION 
a TESTS OF METALLIC MATERIALS! 


A.S.T.M. Designation: E 22 - 35 T 


This is a Tentative Standard and under the Regulations of the Society is subject 
) annual revision. Suggestions for revision should be addressed to the Head- 
arters of the Society, 260 S. Broad St., Philadelphia, Pa. ee 


IssUED, 1933; REVISED, 1934, 1935. 

Scope 

1. (a) This method covers long-time (creep) high-temperature 
tension tests of metals within the range from room temperature to 
2000 F. 

(b) Long-time tension tests are made at those elevated tempera- 
tures where creep effects assume technical or engineering importance. 
The ranges of temperature usually investigated are as follows: 


TEMPERATURE RANGE, 
DEG. FAHR. 


Carbon steels 550 to 1100 
Low alloy steels (less than 8 per cent alloy content) 550 to 1200 


High alloy steels (austenitic* and semi-austenitic) 750 to 1800 


High alloy steels (non-austenitic) 750 to 1400 _ 


Nickel-chromium and high nickel-chromium-iron alloys 900 to 2000 
opper and aluminum alloys 200 to 800 


* Under austenitic alloys are included those alloys wholly austenitic, austenitic-ferritic, and those 
vhich may change from originally an austenitic structure to some other conditions not definitely known. 


(c) Testing temperatures shall be established at points that are 
multiples of 50 on the Fahrenheit scale, or equivalents on the Centi- 
grade scale. It is recognized that for special purposes, tests at other 
temperatures may be desirable to establish the creep characteristics. 


Selection of Metals for Test 


2. This method presupposes agreement upon the selection of 
suitable samples for test specimens to meet the requirements of 
individual applications. 


Note.—In the testing of some materials it is customary and often necessary 
to subject the specimens to a stabilizing treatment. If such is done, it shall be 
eported fully in the recorded data. 


_ 'Under the standardization procedure of the Society, this method is under the jurisdiction of the 
Joint A.S.M.E.- A.S.T.M. Research Committee on Effect of Temperature on the Properties of Metals. 
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Specimens 
. 3. (a) Test specimens may be of either of the types shown in 
| Fig. 1 (a) or (6). The diameter of the test specimen shall preferably 
7 Ss 0.505 in. + 0.001 in. In cases where small diameter is imperative, 
_ specimens having a diameter of 0.357 in. or 0.252 in. may be used, but 
: - gage length shall be not less than 2 in. ‘The diameter of the 
reduced section of the specimen between base of fillets shall not vary 
by more than +0.0005 in. The surface shall be machined smooth 
and free from tool marks or scratches, and finished with No. 00 
emery cloth. 


This hole 1s omitted if external 
heaton of thermocouple 1s used 505": "*0.00/" 
| | 


ly Ue times thread diameter 


is recommended ) 
(c) Specimen with threaded ends. = a 


“ 
-—0.505"+ -—- +--—- 


| 
Parallel Section 
Any Exact bin. Length 
(b) Specimen with blank ends. 


Fic. 1.—Test Specimens for High-Temperature Tension Tests. 


Location of Thermocouples 


(b) In the case of Fig. 1 (a), the ends of the specimen shall be 
threaded, at least ? in. in diameter for the 0. 505- in. specimen, 3 in. 
in diameter for the 0.357-in. specimen, and 3 in. in diameter for the 
-0.252- in. specimen, and shall be machined true ga axial. 

a (c) A sketch showing the specimen used shall accompany the 


report of test results. 


Testing Machine 


4. (a) The type of testing machine to be used in long-time 
(creep) high-temperature tests is not specified, but shall be reported 

_ with the results of a series of tests. The applied load shall be cali- 
_ brated to an accuracy within +1 per cent. Precaution shall be 
~ taken to avoid excessive inertial and frictional efiects in the loading 
q mechanism. 
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TENTATIVE Lonc-TimE (CREEP) HIGH-TEMPERATURE TESTS 


(b) Precautions shall be taken to insure that the testing load 
is axially applied. Each specimen when set up for test shall be 
inspected for faulty alignment in the machine. Eccentricity of 
loading can often be detected by elastic extension measurements 


taken at room temperature before commencing the test. Apparatus 


provided with extensometers affording measurements on opposite 
sides will reveal unsatisfactory alignment when unequal strain is 
shown by the opposite readings. Elongation measuring devices 
which show extension on one side of the specimen only do not readily 


lend themselves to the detection of eccentric loading. 


(c) Shackles—The type of shackles used to obtain axial loading 
are not specified, but a detailed description of the shackles used shall 
be reported with the results of a series of tests. 


Note.—It is to be noted that eccentricity of loading of the specimen may be 
lessened by using rods or wire cables of the greatest length possible to connect the 


_ shackles to the heads of the testing machine. 


4 


Furnace and Heating 

5. (a) A drawing showing the furnace and heating element i in 
detail shall be submitted with the results of a series of tests. 

(b) For specimens with 2-in. to 5-in. gage length, the design of 


_ the furnace shall be such that the maximum variation of temperature 


4 


over the gage length of the specimen shall not exceed +3 F. for 
temperatures up to and including 1200 F., +5 F. for temperatures 
over 1200 I’. and up to and including 1600 F., and +10 F. for tem- 
peratures over 1600 F. For all longer gage lengths, the design of 
the furnace shall be such that the maximum variation of temperature 
over the gage length of the specimen shall not give rise to an error 
in strength in excess of 1 per cent. 

Norte.—It should be noted that the transverse dimensions of the furnace should 
be as small as possible, merely large enough to allow for the shackles and exten- 
someter. <Any suitable arrangement of the heating element that will result in the 
required uniformity of temperature is considered satisfactory. It may be noted 
that equalization of temperature over the length of the test specimen may be im- 
proved by a metallic lining inside the furnace tube, or by the use of multiple heating 
coils. Liquid baths may be used at lower temperatures provided that no reactior 
of the liquid upon the test metal occurs. Oil is suitable at lower temperature 
No definite recommendations are made as to the length of the furnace, provided the 
required uniformity of temperature is realized. Reference to the various publica- 
tions of the Joint Research Committee is suggested for guidance. 


Temperature Measuring Apparatus 
6. (a) Temperature measurements shall be made by means of 
suitable thermocouples and potentiometer or millivoltmeter equip- 


ment, which shall be accurate to within the following permissible 
variations for the temperature ranges shown: 
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PERMISSIBLE 
VARIATIONS 


Up to and including 1200 F 
Over 1200 to and including 1600 F 
Over 1600 F 


(b) The hot junction of the thermocouple shall be located at 
any one of the locations T, T,, C,, B,, B shown in Fig. 2, and the 
location of the junction shall be reported with the results of tests. 
Where external contact is made between thermocouple bead and the 
specimen, the thermocouple shall be shielded in like manner in the 
g creep tests and in the calibration. 


Temperature Survey of Furnace 

7. (a) A survey of the temperature distribution throughout the 
test specimens shall be made before making a series of tests of speci- 
mens of a given metal, on each furnace and test shackle arrangement 
used. This survey shall be made using a special calibration bar, 
shown in Fig. 2, and for each series of tests the calibration bar shall 
be of the same dimensions, and shall be of the same type chemical 
composition, as the test specimens to be used. A survey of temper- 
ature distribution shall be made for each temperature at which 
specimens are to be tested, and detailed results of these surveys 
shall be reported with the results of specimen tests. ‘These surveys 
furnish data for the comparison of specimen temperature at the point 
where the thermocouple is applied in routine tests of specimens with 
the temperature of the test specimen at the middle of the reduced 
section of the test specimen on the axis of the specimen (C, Fig. 2). 
The temperature of the calibration bar shall be also determined at 
the other points indicated in Fig. 2. 

(b) During a survey of temperature distribution on a calibration, 
all temperature readings shall be taken as nearly simultaneously as 
possible. 

(c) Testing temperature as normally measured during the 
course of a test shall be corrected, if necessary, using the survey data 
as a basis of correction. ‘The amount of correction applied shall 
be the difference between the temperature as normally measured 
and that found to be the average shown by the survey couples im- 
bedded at the required points. 


Room Temperature During Tests 


8. During the period of time required for survey tests the range 
of room temperature shall not exceed 10 F. During creep tests, 
the room temperature shall be kept as constant as possible, and all 


le 
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elongation measurements shall be taken when the variation in room 
temperature does not exceed 10 F. During all tests the equipment 
shall be shielded from abnormal drafts. 
Strain Measurement During Test 

9. There shall be reported with the results of all tests, the con- 
struction details of the strain measuring apparatus used. Scale 
divisions on the extensometer shall not be larger than 0.0001 in. per 
inch of gage length. It is preferable that the extensometer be attached 
to the gage length of the specimen, or that suitable optical means 
bearing directly on the gage length of the specimen be used. 
Sustained Loads 


10. The constant-temperature, constant-stress method shall be 
employed. ‘Tests shall be made on individual specimens at such loads 
in round hundreds or thousands of pounds per square inch, suitable 
to the material and temperatures, and tests shall be made in such 
number and for such time periods as to achieve the desired object. 


Test Procedure 


11. The following procedure shall be observed in all tests: 

(a) It is recommended that not more than one specimen be 
placed in a furnace at one time, and that each furnace be provided 
with its own individual control. 

(b) Before heating, the specimen shall be loaded to check align- 
ment. (See Section 4 (d).) 

(c) During heating to the temperature desired, the test speci- 
men shall not sustain a unit load in excess of 250 lb. per sq. in. 

(d) The heating period preparatory to loading shall be long 
enough to establish thermal equilibrium and shall be reported. The 
load shall then be applied without sudden jolt to the specimen. 

(e) The immediate elongation in gage length upon application 
of load shall be observed and reported. 

(f) Further elongation observations shall be made after inter- 
vals of 8 hr., 24 hr., 48 hr., and each 24-hr., 48-hr., or other necessary 
periods thereafter until the completion of the constant-temperature, 
constant-stress run. ‘Time intervals shall be such that all charac- 
teristics of the elongation will be observed. 

(g) When the testing of a specimen that is not ruptured is to 
be discontinued, the elastic recovery or contraction of the gage 
length upon removal of load shall be observed, before allowing the 
specimen to cool and this shall be reported. 

(kh) All specimens tested shall be carefully preserved for six 
months for further studies as to their hardness, microstructure, 
impact resistance, etc., should such be desired. 
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Form II.—ForM FOR REPORTING DATA AND RESULTS OF LONG-TIME (CREEP) 


m HiGH-TEMPERATURE TENSION TESTs. 
nt Test Laboratory 
n- Test Temperature Original Stress... 
le 
er Location of thermocouple.............. 
ed Sensitivity of elongation measuring device..................2..22...2.0.20-c--ce-eeceeeseeeceneeceseceeneeconeeees 
ns 
Time allowed for equilibrium before loading...............00 2... hr.............min 
Temperature fluctuation of deg. Fahr. 
be Temperature fluctuation of deg. Fahr. 
ds Total elongation, in. 
dle 
Immediate extension upon application of load.............. 
Contraction removal Of load. 
Original gage length, room temperature................... 
e 
Gage length after test, room temperature.................. eg in. 
n- Change in gage length, room in. 
ELONGATION 
ci- 
Date Hours Duration Total Inches Inches per Inch — Remarks 
ng 
he 
LC- 
to 
ge 
he 
six 
re, 


_ The above form on letter size sheets suitable for recording test data is available 
in pads of 25 sheets at 50 cents per pad; 3 pads, $1.00. Address, American Society 
for Testing Materials, 260 S. Broad St., Philadelphia, Pa. 
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(i) Measurements of gage length shall be made at room tempera- 
ture before placing the specimen ii in, and after removing the specimen 
from the furnace and reported. 


Recording and Reporting of Data 


12. A uniform system of recording and reporting of data shall 
be used. ‘The accompanying forms for recording and reporting shall 
be used so that results from cooperating laboratories may be readily 
compared. 

(a) Reporling Temperature Surveys.—F¥or reporting the results 
of the temperature distribution surveys, Form I is recommended. 

(b) Reporting Test Data.—¥orm II shall be used for reporting the 
data and results of long-time (creep) high-temperature tests. The data 
required on Form II are sufficient for completing the time-creep 
curves and for evaluating creep rates. Under the column “ Remarks” 
_ shall be noted the increases in stress, temperature fluctuations, etc. 

(c) Time-Creep Curves——For plotting time-creep curves! the 
- following scales shall be used: 


SCALE FOR TIME SCALE FOR CREEP 

(ABSCISSAS) (ORDINATES) 
(M in. = 100 hr. } in. = 0.001 in. for creep rates of 1 per cent in 10,000 hr. 
Lin. = 100 hr. } in. = 0.0001 in. for creep rates of 0.1 per cent in 10,000 hr. 


(d) Summary of Data.—In reporting results of long-time high- 
_ temperature tension tests full information about material, apparatus 
and tests methods shall be reported, as follows: 
Materials —The report shall include the following information 
concerning the materials tested: 
Process of manufacture and whether material is rolled, 
forged or cast. 
Complete chemical analysis. 
Complete details of heat treatment. 
Physical properties of the material at room temperature. 
Size of sample from which specimens were cut. 
Relative location and direction of specimen. (Illustrate 
with sketch.) 
If material was removed from service, complete details of 
service conditions shall be given. 
Micro-structure and deep etch of samples. 
Test Methods—The report shall include the following infor- 
-mation concerning the apparatus and methods of testing: 


1 Dietzgen No. 340-10 or equivalent cross-section paper is recommended for this purpose. 
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Description of apparatus, shackles used, method of cali- 
brating loading mechanism and accuracy of loading. 

Description of temperature control-recording arrangement. 

Description of furnace. 

Description of elongation measuring device. 

Radical departures, if any, from recommended procedure 
and technique. 

Sketch of specimen used. 

Results of temperature surveys of furnace, Form I (see 
Paragraph (a)). 

Test data required on Form II (see Paragraph (0)). 

Time-creep curves (see Paragraph (c)). 


A supplementary Appendix appears on the next page. 
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‘The Tentative Method of Test for Long-Time (Creep) High-Temperature Tengjo; 
Tests of Metallic Materials (E 22 —- 34 T) provides for the presentation of the funda. 


mental data, that is, the time-creep values, in tabular form and as time-creep cur 
All matters dealing with evaluation or interpretation of the data have been omitt 
from the test method. Evaluation and interpretation of the data will naturally var 


depending on the specific application to engineering design. The Joint Researd 
Committee feels that a useful purpose will be served by including in this Appendix « 


brief description of the more recognized practices. 


Part I.—-PREPARATION FROM JIME-CREEP CURVES OF STRESS-RATE 
CREEP AND STRESS-TEMPERATURE CURVES— ~~ | 
INITIAL CREEP NEGLECTED 


The first step in the usual evaluation and presentation of creep-test data i 
preparation from the time-elongation curves of stress-rate curves in which, for 
test temperature, the stress is plotted versus the rate of creep produced in the so- 
second stages. Some laboratories prefer to plot both stress and rate logarithmi 
while some prefer to plot the stress to cartesian coordinates.? 

It is assumed in this evaluation that the rate of creep in the so-called secondar 
flow period becomes approximately constant after an initial period, the duration 
which varies with different materials, temperatures, and applied stresses. It sh 
not be assumed that these rates continue constant for indefinite periods as would 
required for extended extrapolations. 

The rate of creep is then taken as the slope of the time-creep curve over the lat! 
portion of the test period. 

Rates of creep for a number of applied stresses at each test temperature are t 
plotted to give a stress-rate curve for each temperature. ‘The plotting proc 
varies with different laboratories as indicated above. 

These stress-rate of creep curves may then be used to prepare stress-temper 
curves by scaling off the stresses at various temperatures which produce arbitrar 
chosen rates of creep such as 0.0000001 in. per in. per hr. (0.1 per cent in 10,000 hi 
(0.000001 in. per in. per hr. (1.0 per cent in 10,000 hr.) or any other rates which 1 
be of particular interest. 

Such a method of evaluation does not take into consideration the magnitud 
initial creep which occurs when the stress is applied or subsequent creep at a di 
ishing rate prior to the so-called secondary flow period in which a constant rat 
creep is assumed. Omission of this initial creep may make evaluation of creep 
data by the above noted methods very misleading in instances where the amount 
permissible total deformation during the useful life of equipment to be operated 
elevated temperatures is limited. 


1F. H. Norton, “The Creep of Steels at Elevated Temperatures,” 1929. ae 
C. L. Clark and A. E. White, “Influence of Recrystallization Temperature and Grain Size on the © 
Characteristics of Non-Ferrous Alloys,” Proceedings, Am. Soc. Testing Mats., Vol. 32, Part II, p. 492 (19 
2H. J. Tapsell, “Creep of Metals,’’ Oxford University Press, London (1931). 
H. C. Cross and E. R. Johnson, ‘Creep Properties of 5 per cent Chromium, 0.50 per cent Molybd 
Steel Still Tubes,” Proceedings, Am. Soc. Testing Mats., Vol. 34, Part II, p. 80 (1934). 
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II.—PREPARATION FROM TIME-CREEP CURVES OF STRESS-RATE> 
OF CREEP AND STRESS-TEMPERATURE CURVES 
INITIAL CREEP CONSIDERED 


ere are several methods used in evaluation of creep test data in which the 
tal deformation or the initial creep as well as the secondary flow rates are considered. 

The most conservative although probably the least accurate method uses, as the — 

erage rate of creep, a value obtained by dividing the total creep at the end of the 
st period (expressed either in inches per inch or per cent) by the duration of the test 7 
riod (hours, days, etc.). 

A second method determines the slope of the time-creep curve over an arbitrarily 
en period during the secondary flow period, and the projection of this slope back 
zero time gives the initial deformation which resulted before the time-creep curves | 
sumed an approximately constant rate. The total deformation over any time 
eriod may then be computed as the initial deformation plus the product of the rate 

reep during the secondary flow period and the desired duration of time. 

The total deformation for any time period may also be obtained by extrapolation 
rom the portion of the secondary flow period of the time-creep curve over which - 
rate of creep is determined. 

It should not be assumed that these rates continue constant for very long periods” 

would be required for extended extrapolations. 

A third method uses logarithmic time-creep charts to obtain the values of stress 
vrsus time for given amounts of total deformation such as 0.001, 0.01, and 0.1 in. 
ger in. (0.1, 1.0 and 10 per cent), which in turn are plotted on a semi-logarithmic 
gaphs and may be interpolated for stresses yielding 0.001 in. per in. (0.1 per cent) for 
10,000 hr., 0.1 in. per in. (1.0 per cent) for 10,000 hr., etc. 


Part III.—-RECOGNITION OF IMPORTANCE OF TOTAL STRAIN 
RELAXATION PROBLEM 


In comparing stresses corresponding to specified creep rates, some engineers 
contend that reference should be made to the total creep which has occurred previous 
to the attainment of the specified rate. ‘This is a necessary requirement for the appli- 
ation of creep data to other service than constant stress. Some authorities go so 
far as to say that the stress to give a specified rate is completely determined by the 
total strain regardless of time so that rates corresponding to applicd stresses depend 
only on the amount of previous creep regardless of the rapidity of its application. 
The necessity of considering initial creep is universally admitted although the suf- 
ficiency of total creep to determine completely the relation between stress and rate is 
not universally accepted. 

In all applications involving relaxation or relief of stress the initial creep is 
attained more rapidly than with a constant stress test. Test methods are based on 
the progressive relief of elastic strain either smoothly or in steps to equal the total 
‘eep. Until the degree of correspondence between constant stress and constant 
‘otal strain (or so-called relaxation tests) is more definitely known, step down tests or 
relaxation tests will be preferred by many engineers in determining the suitability of 
materials for application where creep automatically causes relief of stress. In the 
conduct of such tests it is understood that where apparatus constructed to maintain 
‘*nstant total strain is not used, the applied loads shall be reduced periodically in the 
amounts required to prevent the total elastic plus plastic strain exceeding a pre- 
“etermined and specified amount which may be any one of the following values: 
| mil per in., 2 mils per in., 5 mils per in., 1 per cent, etc. 
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Part IV.—CONSIDERATION OF ALLOWABLE DEFORMATIONS IN ExXpEctEp 


UsEFuL LIFE oF EQUIPMENT AND PREPARATION 
OF STRESS-STRAIN CHARTS 


For many design applications, the approximate service temperature, allowab\ 
deformation and expected useful life of the material are known. The problem is t 


choose a stress to meet these conditions. By dividing the allowable deformation | 


the useful life an average creep rate is obtained, but this rate does not correspond t 
the rate purporting to represent any particular combination of stress and temperature, 
This discrepancy makes it necessary to consider initial deformation and variou 


expedients for bridging the unavoidable gap between test conditions and servi 
conditions. 


Since it is practically impossible to avoid interpolation and extrapolation it j 
convenient to replace the actual creep curve by its final tangent or asymptote. T! 
slope of this straight line is exactly the same as the ‘‘creep rate”’ usually measured 
By projecting this line back to zero time, a convenient measure of the “‘initial deforma- 
tion” is obtained. ‘The intercept and slope of this line determine its position and 
permit the best available estimate of the total creep at the end of any time longer 
than the test. The use of a creep rate alone without an intercept implies that tl 
creep curve may be represented by a straight line through the origin, which assumptior 


is not supported by test data. 


If tests are made at a few different stresses at the same temperature, the initial 


deformation and minimum creep rate are obtainable from each. These values n 
be plotted as functions of the applied stress.'* If the material is known to be rez 
ably stable, these curves may be extended to zero stress by the assumption that str 


is necessary to produce creep. This gives a convenient method of interpolatior 
between stresses. From these curves it is possible to estimate the total creep at tl 
end of any time by adding the initial deformation to the product of the creep rate for 


the same stress by the time. 


The most convenient method of presenting these data is in the form of a stress- 


strain chart in which the estimates of total creep at the end of several periods of 1 
are plotted for each of several stresses. By connecting points representing the : 
time for various stresses, a family of stress-strain curves is obtained. This cl 
shows the relation among the three variables—allowable deformation, useful life 
stress at the testing temperature in so far as these relations are obtainable from the ori 
creep data. From such a chart, the stress which may be expected to meet the imy 
conditions of allowable deformation and service life may be chosen without furt 
computation. ‘ 

Similar charts at other temperatures allow the plotting of curves to show str 
temperature relations for any desired combination of life and allowable deforma 
The construction of these charts from conventional creep curves is not difficult 
they offer a convenient source of design information. 


1P, G. McVetty, “Working Stresses for High Temperature Service," Mechanical Engineer, March, 
p. 149, 
:P. G. McVetty, “The Interpretation of Creep Tests,’ Proceedings, Am. Soc. Testing Mats., V 
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TENTATIVE METHODS OF VERIFICATION 


OF 
TESTING MACHINES! 


A.S.T.M. Designation: E 4-35 T 


rious This is a Tentative Standard and under the Regulations of the Society is subject 
to annual revision. Suggestions for revision should be addressed to the Headquarters 
of the Society, 260 S. Broad St., Philadelphia, Pa. 


‘TED 


The IssuED AS TENTATIVE 1923; ADOPTED IN AMENDED Form, 1924; 

ured REVISED, 1927; REISSUED AS TENTATIVE, 1933; ReEviIsED, 1934, 1935.2 

DEFINITIONS 

spite 1. (a) Testing Machine—A mechanical device for applying a 
nger § pplying 

t th load (force) to a specimen. 


puor Note.—Usually the magnitude of the load can be changed at the will of the 

operator. Many testing machines are arranged to measure the load, but this is not 

always the case, especially with impact machines and machines for testing ductility. 
(b) Error.—In the case of a testing machine, the value obtained 

by subtracting the correct value of the quantity measured (usually 

load) from the indicated value as given by the testing machine. 
Note.—The error may be positive or negative. 


(c) Percentage of Error.—In the case of a testing machine, the ~ 
ratio expressed as a percentage of the error to the correct value of : 
the quantity measured. 

(d) Correction.—In the case of a testing machine, the value 
obtained by subtracting the indicated value from the correct value : 
of the quantity measured. 

Note.—The correction has the same magnitude as the error but the opposite : 
sign. It is recommended that, except for special cases, no corrections be used on 
machines tested and found to have errors within the tolerances given in these 
methods. 

(e) Tolerance.—In the case of a testing machine, the maximum © 
allowable error in the value of the quantity indicated. 

NoTe.—It is convenient to express tolerance in terms of percentage of error. — 


The numerical value of the tolerance for a testing machine is so stated hereafter : 
in these methods. 


1 Under the standardization procedure of the Society, these methods are under the jurisdiction of _ 
the A.S.T.M. Committee E-1 on Methods of Testing. 
These methods are in effect a revision of, and replace the former Standard Methods of Verification : 
f Testing Machines (A.S.T.M. Designation: E 4-27), which standard was accordingly discontinued © 
n 1933. 
? Latest revision accepted bv Committee E-10 on Standards, August 22, 1935, 
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The word “accurate” applied to a testing machine shall be 
used without numerical values. ‘The word “error” shall be used ten 
. with numerical values. For example: “An accurate testing machine the 
| was used for the investigation”; but “At a load of 30,000 lb. the me 
[ error of the testing machine was 15 lb.” A testing machine is said onl: 
i. to be accurate if the indicated load is within the specified tolerance of av 
actual load. res 
Notre.—The accuracy of a testing machine should not be confused with sensi- resi 


_ tiveness. For example, a testing machine might be very sensitive, that is, it might Me 

indicate quickly and definitely small changes in the load, but, nevertheless, be very 

inaccurate. On the other hand, the accuracy of the results is, in general, limited . 

by the sensibility. In ¢ 
({) Loading Range.—The loading range of a testing machine or 

of an apparatus for calibrating a testing machine is the range of 


‘indicated loads for which the testing machine or the calibrating A 
apparatus gives results within the tolerances specified. in < 
| (g) Elastic Calibration Device.—An elastic calibration device for cree 
use in verifying the load readings of a testing machine consists of an agr 
elastic member to which loads may be applied combined with a a 
mechanism for indicating the magnitude of deformation under load. a 
METHODS FOR VERIFYING TESTING MACHINES 
THAT MEASURE LOAD by 
Advantages and Limitations of me 
Different Methods hai 
2. Four methods of verifying testing machines are listed in this siv 
standard: the 
(a) Standard Weights——Verification by the direct application of 
standard weights to the weighing mechanism of the testing machine, ins' 
where practicable, is the most accurate method. Its limitations 50¢ 
are (/) the small range of load which can be covered, (2) the non- Sec 
; portability of any large amount of standard weights, and (3) its non. 0 
applicability to horizontal testing machines or to vertical testing ma- 
chines whose weighing mechanisms are attached to their upper platens Ec 
(b) Proving Levers.—Verification by the use of standardized prov- 
ing levers loaded with standard weights ranks second in accuracy. mi 
Its limitations are (1) the fact that the range of load possible with log 
— levers, while greater than with standard weights, is not great 
_ enough to cover the capacity range of large testing machines, and 
; (2) the inconvenience of transportation of proving levers and standard 7 
_ weights for verifying large testing machines. a 
(c) Elastic Calibration Device.—Verification by the use of an elastic “* 
calibration device ranks third in accuracy. It is free from the limi- pr 


tations of the methods referred to in Paragraphs (a) and (0). 
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(d) Comparison Method.—Verification by a comparison of the 
tensile strength of test specimens (“companion specimens”) cut from 
the same piece of metal, is distinctly less accurate than the three 
methods referred to in Paragraphs (a), (b) and (c), and should be used 
only when none of the other methods are available. If the results of 
a verification test by the comparison method fail to agree with the 
results of a verification test by any of the other three methods, the 
results given by the comparison method shall be discarded. 


Method of Applying Load 


3. In the verification of a testing machine the loads shall be applied 
in ascending order. 

Note.—For any testing machine (particularly for certain types of machines in 
which the load-indicating device is actuated by a Bourdon pressure tube, a hydraulic 
(or steam-engine) indicator or other device depending on the elastic properties of a 
material, or for machines in which the load is measured by measuring the pressure 
in a hydraulic jack) the errors observed at corresponding loads taken, first by in- 
creasing the load to the test load and then by decreasing it to the test load, may not 
agree. ‘Testing machines are usually used under increasing loads, but if a testing 
machine is to be used under decreasing loads it should be calibrated under decreasing 
loads as well as under increasing loads. 


Selection of Test Loads 


4. For any loading range, the testing machine shall be verified 
by at least five test loads (except for testing machines designed to 
measure only a smaller number of definite loads, such as certain 
hardness testing machines). The difference between any two succes- 
sive test loads shall not exceed one third of the difference between 
the maximum and minimum test loads. 


Note.—A testing machine may have more than one loading range. For 
instance, a 100,000-Ilb. capacity testing machine may have one loading range from 
5000 Ib. to 40,000 Ib. and a second loading range from 55,000 Ib. to 100,000 Ib. 
Section 4 requires that the machine must be verified by at least five test loads between 
5000 Ib. and 40,000 Ib. and also that the machine must be verified 7 at least five 
test loads between 55,000 lb. and 100,000 Ib. 


Eccentric Loading 


5. For the purpose of determining the — range of a testing 
machine all calibration loads shall be applied so that the resultant 
load shall be as nearly along the axis of the testing machine as is 
possible. 


Note.—The effect of eccentric load on the accuracy of a testing machine may 
be determined by calibration readings taken with proving levers or an elastic calibra- 
tion device placed so that the resultant load is applied at definite distances from the 
axis of the machine, and the loading range determined for a series of eccentricities. 
In the case of testing machines in which the load reading depends on the hydrostatic 
pressure in a cylinder fitted with a piston the effect of eccentricity of loading is 
Most serious when the piston is at the extreme outward Position allowable. 
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the center of gravity 


symmetrically 


in increments and removed in the reverse order. 


center of the platform. 


VERIFICATION OF TESTING MACHINES 


A. Method of Verification by Standard Weights 


_ Method by Standard Weights 


6. Standard metal weights of suitable design, finish, and adjust- 
_ ment shall be placed on the weighing platform of the testing machine 
or upon trays or other supports suspended from the load-measuring 
- mechanism in place of the specimen. 


The weights shall be applied 
They shall be ar- 
with respect to the weighing platform, so that 
of the load lies in the vertical line through the 
The applied load and the indicated load 


Cross-head of Testing Machine 


ZA 


x 


Standard 
Weights 


_ from these data. 


Note.—The method 
i vertical testing machines. 


total of 1000 Ib. 


_ Description of Levers 


easily in a horizontal 


the number of weights available. 


weighing platform of the testing machine. 


of the knife edges shall be very nearly vertical. 


¢ me 
WWW i 
Weighing Table of Testing Machine re 
Standard 
| | |: Weights 


Fic. 1.—Proving Levers. 


shall be recorded for each test load applied, and the error calculated 


of verification by standard weights can be used only on 
The total load is limited by the size of the platform and 
Often twenty weights of 50 lb. each are used, a 


This method of verification is seldom used for any but small testing machines, 
_as the loading range does not include the loads for which large machines are used. 


B. Method of Verification by Standardized Proving Levers 


7. The arrangement of proving levers for verifying testing ma- 
chines is shown in Fig. 1. 


The two levers rest on supports on the 
These supports shall move 
direction, which insures that the forces at each 
The inner knife 
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edges in each lever bear against a suitable block in the movable head 
of the testing machine. Weight trays or hangers are suspended from 
each of the outer knife edges and these trays or hangers are loaded 
with standard weights. The increment of load put on the testing 
machine by the standard weights is the amount of standard weights 
multiplied by the lever ratio m/n, Fig. 1. 
Specifications of Levers 

8. The knife edges, as well as their supports, shall be of hardened 
tool steel. The knife edges shall be ground sharp to an angle of 
90 deg. The load on any knife edge shall not exceed 7000 lb. per 
linear inch. The three knife edges in each lever shall be parallel, 
and their edges shall lie in a plane. Each lever shall have machined 
surfaces in this or in some parallel plane, upon which a spirit level can 
be placed. 


Verification of Levers 


9. The lever ratio of a proving lever shall be determined by the 
use of at least three test loads; the amount of weights used shall not 
be less than the maximum load applied upon one of the arms of a 
lever in using the levers to verify testing machines. The proving 
lever shall be balanced over its center knife edge with suitable weight 
trays suspended from the end knife edges. Standard weights shall 
then be applied to the trays in three steps, corresponding approxi- 
mately to 50, 75, and 100 per cent of the weights available, and the 
proving lever shall then be brought to a balance by the use of small 
weights and by observations of the freely swinging proving lever. 
From the weights in the two weight trays the lever ratio shall be 


Method of Procedure 


10. The proving levers shall be placed symmetrically in the 
testing machine to be verified and both levers brought as near to a 
horizontal position as is feasible, after applying each increment of 
load, by means of the movable head of the testing machine. The 
testing machine shall be balanced with the levers in place and the 
weight trays empty. Standard weights shall be applied (or removed) 
in increments, half an increment in (or from) each tray. The weights 
shall be placed symmetrically on the weight trays, with the center 
of gravity of the weights over the center of the tray. The ‘applied 
load and the indicated load shall be recorded for each test load 
applied, and the error calculated from these data. 

Note.—The use of standardized proving levers on horizontal testing machines 
involves the use of bell crank levers. They require special methods of determination 
of lever ratio, which have not yet been codified in A.S.T.M. standards. Proving 
levers for vertical testing machines are now available up to 50,000-Ib. capacity. 
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C. Method of Verification by Means of an Elastic Calibration Device! 
_ Design and Workmanship 


11. An elastic calibration device should be so designed and 
constructed that its accuracy is not in danger of being impaired by 
handling, shipping, or ordinary use, and so that parts subject to 
damage, replacement, or removal for storage and shipment can be 
replaced without impairing the accuracy of the device. 

Note.—This section is non-quantitative in its requirements. It is placed in the 
; method for the purpose of calling attention to the fact that an elastic calibrating 


device if improperly designed and constructed may, like any other delicate measuring 
d instrument, be damaged and rendered inaccurate by handling and shipping. 


Shackles and Bearing Blocks 
12. An elastic calibration device shall be provided with shackles, 
_ bearing blocks, or any other necessary fixtures through which the 
load is to be applied to the calibration device. All such fixtures 
should be so designed and constructed that when placed in a testing 
_ machine in reasonably good condition there shall be no extra-tolerance 
variation of reading due to imperfections in the bearing blocks or in 
the motion of the head of the testing machine. 
Note.—This section is non-quantitative in its requirements. It is placed in 


the method for the purpose of calling attention to the fact that poorly designed 
loading fixtures can render inaccurate the readings of an elastic calibration device. 


Graduation of Scale 

13. (a) The scale of the indicating mechanism shall be uni- 
formly graduated. ‘The distance between any two graduation lines, 
dots, or other dividing marks (or between their images, if a viewing 
system with a definite optical magnification is used), shall be not 
less than 0.035 in. 

(b) The difference between the position of any graduation line 
and its correct position on the scale shall not exceed one twenticth of 
the distance between two adjacent graduation lines. For scales on 
a circular dial, when successive lines are set to one fixed index line, 
the positions of successive graduation lines nearly diametrically 
_ opposite, referred to another fixed index line shall differ from each 

other by (1) not more than 5 per cent of the smallest division of the 
dial, or (2) not more than 0.1 per cent of the minimum load in the 
loading range of the instrument, if (2) be larger than (/). 

(c) The change of load necessary to cause a relative movement 
of 0.1 in. between the index line and the scale (or its image if a viewing 
system with a definite optical magnification is used) shall not exceed 
1 per cent of the capacity load of the instrument. 


‘ 
‘ 


1 The term “calibration device” shall be interpreted to include solid bars, hollow bars, elasti¢ 
and other members whose elastic deformation can be measured. 
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| Label Showing Manufacturer, 
Number, and Capacity 
14. The manufacturer’s name, the capacity load, and the serial : 
d number of the device shall be legibly marked on some part of the 
y instrument. 
0 


Temperature Equalization 


15. When using an elastic calibration device to verify the load 
readings of a testing machine the device should be placed near, or 
preferably in, the testing machine a sufficient length of time before 


1g the test so that the device and the testing machine shall be at teed 
nearly the same temperature. 
Elimination of Small Temperature oe 
S, Effects due to Stress 
1e 16. To minimize errors due to temperature effect of stress and 
25 psuedo-elastic action, the time schedule followed when verifying an 
ig elastic device which is loaded in axial tension or compression shall be 
ne reported; and the same time schedule, within limits stated in the 
in report, shall be followed when using the device to calibrate a testing 
machine. 
in Primary Standards for Elastic 
ed Calibration Devices 


17. (a) For loads not exceeding 100,000 Ib. an elastic calibration 
device shall itself be calibrated by applying dead weights known to 
I- be accurate within 0.02 per cent. 

(b) For loads exceeding 100,000 Ib. an elastic calibration device 
may be calibrated by another elastic calibration device or by a com- 
it bination of several elastic calibration devices, or by proving levers! 

and dead weights. In this case the calibrating load applied shall be 
1€ known to be accurate within 0.1 per cent. 


Preliminary Cyclic Loading 

- 18. Before taking readings for the formal verification af an 1 elastic 

* calibration device by means of dead weights or other primary stand- 

h ards, the device shall be subjected to a series of cyclic loads varying 

w from a minimum load not greater than 2 per cent of the capacity 

“ load of the device to a maximum load not less than 5 per cent nor 
more than 10 per cent above the nominal capacity load. 

nt Routine in Calibration of Elastic 

Calibration Device 

od 19. For any range of test loading which may be applied in 


calibrating an elastic calibration device there shall be applied at least 


'The term “proving levers” is not to be interpreted as allowing the use of the lever system of a 
compound lever testing machine or of a platform scale as a part of a primary standard. 
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eight test loads, and the difference between any two successive test 
loads shall not exceed one fifth of the difference between the minimum 
and the maximum test loads. The series of test loads shall be applied 
~ to the elastic calibration device at least three times, and the shackles 
or bearing blocks shall be readjusted before each application of a 
series of loads. 


Tolerance for Elastic Calibration 
Device 

20. (a) For ordinary use the loading range of an elastic calibra- 
tion device shall be that range of load within which any reading 
under an applied load shall not differ from the average of at least 
three readings under the same load by more than one fifth of 1 per 
cent.! 

(b) The report of the verification of the elastic calibration device 
shall also state the loading range within which no reading varies from 
the average of at least three readings under the same load by more 
than one tenth of 1 per cent. This range shall be designated as the 
_ Precision Loading Range for the device. 


Temperature Correction for Elastic 
Calibration Device 
21. In using an elastic calibration device made of steel with not 
more than 5 per cent of alloying elements, a fairly accurate correction 
_ for variation in temperature may be made on the basis that the mod- 
ulus of elasticity in tension or compression (or flexure) diminishes by 
0.015 per cent for each degree Fahrenheit increase in temperature. 
For other metals, if the change in the modulus of elasticity with tem- 
perature is known, a correction for temperature should be applied 
to the readings of the instrument. During any calibration of a testing 
machine with an elastic calibrating device, or during the calibration 
of the device itself temperature shall be kept as uniform as possible.’ 
D. Verification by Companion Specimen Method 
Description of Comparison Method 
22. When the direct method of verification of a testing machine 
cannot be carried out (as is the case at present with horizontal testing 
machines, for example), or when an elastic calibration device is not 
available, a comparison method of verification may be used. In this 


1 This means that the report of a standardizing laboratory on an elastic calibration device will 
state within what loading range it may be used, rather than reporting a blanket acceptance or rejection 


7 of the device. This follows the practice recommended for testing machines. 


2Similar errors due to change of modulus of elasticity with temperature may be present in the 
foad-indicating mechanism of a testing machine using a Bourdon gage or other device dependent 
on the elastic deformation of a member. 
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method the machine to be verified is tested by comparing its indica- 
tions with the corresponding readings obtained under the same condi- 
tions by the use of another testing machine, especially tested and 
verified, as specified in Section 23. The method of verification by 
comparison shall be carried out by the use of a series of companion 
specimens, half of which are to be tested in tension in the machine 
to be verified, and half of which are to be tested in tension in the 
especially verified testing machine which serves as a standard machine. 
The general provisions respecting the application of the test loads and 
the loading range which are outlined in the direct method of verifying 


(a) [2 3 4 7 


ean 
Radius not less than 


Rough Turn Rough Turn 


Fic. 2.—Companion Specimen. 
(a) Method of Numbering Specimens. 
(b) Form of Test Specimen. 


testing machines (Sections 3, 4 and 5) shall apply to the verification _ 
of testing machines by the comparison method, so far as is practicable. 


Requirements for Testing Machines 
Used for Verifying Other Machines 


23. (a) A testing machine which is to be used as the standard 
for verifying other testing machines shall itself be verified by a special 
test, in which the verification is carried out twice. The loading range 
shall be determined by the tolerance of +1 per cent (Section 27). 
For the loading range established, the differences in indications found 
in the two tests of the standard machine shall not exceed 0.25 per 
cent. 

(6) In verifying testing machines by the companion specimen 
method, corrections shall be applied to the indications of the standard 
machine and these corrections shall be based on the average correction 
obtained in the two tests used in its verification. 
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Test Specimens 

24. (a) For each test load, eight or more tension test specimens 

shall be cut from soft rolled or drawn steel and numbered consecu- 
3 tively, as in Fig. 2 (a). 

(b) The tensile strength of the steel shall be determined by a 
preliminary test and the sets of specimens for the comparison test 
shall have such nominal cross-sectional areas as will give, approxi- 
mately, the loads required. ‘The form of the specimen shall be as 
shown in Fig. 2 (b). The ends may be threaded, or otherwise ma- 
chined, to fit holders, but it is recommended that those specimens 
shipped to another laboratory be left with cylindrical ends. The 
actual value of ‘‘d” (Fig. 2 (b)) for each specimen shall be determined 

_by means of a micrometer. 

Note.—It should be noted that the standard tension test specimen, 0.5 in. in 

diameter and having a 2-in. gage length, satisfies the requirements for a specimen 
é for the verification of a testing machine by the comparison method. See Fig. 9 of the 


Standard Methods of Tension Testing of Metallic Materials (A.S.T.M. Designation: 
E 8) of the American Society for Testing Materials.! 


q Method of Procedure 


25. (a) The specimens having odd numbers shall be tested in 
_ the machine to be verified and those having even numbers in the 
standard testing machine. The tensile strength only shall be 
determined. 
(b) The speed of the testing machine, by which is meant the 
speed of the pulling head when the machine is running idle with no 
specimen in the machine, when testing verification specimens shall 
be approximately the same for both the standard testing machine 
and the machine being verified. The speed shall be the slowest 
speed that can be obtained on both machines; in any case the speed 
shall not exceed 1 in. per minute per inch of diameter of companion 
specimen. 
(c) When testing companion specimens, especial care shall be 
taken to maintain the weighing beam of the testing machine in 
+ ux as the tensile strength of the specimen is approached. 
It is recommended that a mark be placed at the middle of the trig 
loop and that a pointer be placed on the beam for verification tests, 
and that the pointer be kept as nearly on the mark as possible. 


_ Computation of Error 


26. (a) The average tensile strength (in pounds per square 

inch) of the odd-numbered specimens, multiplied by the nominal 
Z area of cross-section, shall be considered a measure of the indicated 
11933 Book of A.S.T.M. Standards, Part I, p. 949. 
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load, and the average tensile strength of the even-numbered speci- 


1s mens, multiplied by the nominal area of cross-section, shall be con- 7 
- sidered a measure of the applied load. The error shall be calculated 
from these data. 

a (b) If the tensile strength (in pounds per square inch) of any 
st companion specimen varies more than 1 per cent from the mean of 7 
i. the group with which it is tested, its tensile strength shall not be 

is used in computing the error of the testing machine. If more than 

\- one specimen in the odd-numbered group or more than one specimen 

is in the even-numbered group exceeds the allowable variation in tensile 

e strength, all the specimens shall be discarded and another set 

d prepared. 


TOLERANCES FOR TESTING MACHINES THAT MEASURE LOAD 


a Tolerance Within Loading Range of a 
le Testing Machine 

27. The error for loads within the loading range of a testing 
machine shall not exceed 1 per cent (Notes 1 and 2). 


Note 1.—This means that the report of the verification of a testing machine will 
state within what loading range it may be used, rather than reporting a blanket 
€ acceptance or rejection of the machine. 
Note 2.—In no case shall the loading range be stated as including loads below a — 
value which is 100 times the smallest load which can be read on the testing machine. 7 
This means that if a testing machine had graduations so spaced that it can be read 7 
to within 7’5 division and the machine is sensitive to 7g division it would be possible : 


ao 


for the loading range to extend down to the load corresponding to 10 divisions. On 
the other hand, if the testing machine was sensitive to only 2 divisions, the loading 
range could not extend below the load corresponding to 200 divisions.) 


Corrections 

28. The indicated load of a testing machine shall not be cor-— 
rected either by calculation or by the use of a calibration diagram to ; 
obtain values within the required tolerance. 


TimE INTERVAL BETWEEN VERIFICATIONS 


Time Interval Between Verifications 
, 29. It is recommended that testing machines, when in constant 
use, be verified at intervals of six months and, when used inter- 
mittently, at intervals of two or three years. Testing machines 
shall, however, be verified immediately after making repairs or adjust- _ 
ments of the weighing mechanism, and whenever there is reason to 
doubt the accuracy of the results, without | age to the time interval 


since the last verification. - 
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REPORTS AND CERTIFICATES 

Reports 
30. A clear and complete report shall be prepared of each veri- 
fication of a testing machine. This report shall state the method of 
: verification used, and shall give the serial numbers and the names of 
manufacturers of all apparatus used in carrying out the verification. 
It shall state how and by whom and when the calibration of the 
apparatus used in verifying the testing machine was made, the load- 
ing range, and the “precision” loading range of the calibration 

apparatus, and of the testing machine. 


Certificates 
31. A certificate giving the manufacturer’s serial number and 
a brief description of the testing machine, the manufacturer’s name, 
the date of verification, and the loading range, shall be signed by the 
j person responsible for the maintenance of the testing machine, and 
; this certificate shall be posted in plain view of a person operating 
the testing machine. 
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TENTATIVE DEFINITIONS OF TERMS RELATING TO 


of METHODS OF TESTING! 
of A.S.T.M. Designation: E 6-35 T 


This is a Tentative Standard and under the Regulations of the Society is subject 


1€ annual revision. Suggestions for revision should be addressed to the Head- 
1- iarters of the Society, 260 S. Broad St., Philadelphia, Pa. 
ni IssUuED, 1923; REVISED, 1924, 1925, 1930, 1932, 1935.2 

Elastic Limit.—The greatest stress which a material is capable of 

developing without a permanent deformation remaining upon 

d complete release of the stress. 
e Note.—It is a matter of experience with many materials, especially with many 
1€ metallic materials, that using. ordinary methods of testing, the values found for 
d elastic limit by means of observations of permanent deformation (set) after release 
g of stress do not differ widely from the values found for proportional limit, the latter 


being defined as: 
Proportional Limit.—The greatest stress which a material is capable of develop- 
ing without a deviation from the law of proportionality of stress to strain 
(Hooke’s Law). 
Since the determination of proportional limit is much more readily made than 
is the determination of elastic limit, it is customary to accept the proportional 
limit as equivalent to the elastic limit for such materials, and hence the proportional 
limit is frequently called the “ proportional elastic limit.” 
In certain specifications of the Society, the term ‘‘Elastic Limit” is used to _ 
designate a value obtained by a test method which does not involve the release of 
stress during a test, but which does involve the determination of a limiting load at 


which there occurs an appreciable increase in rate of strain with respect to stress. 


This method may determine, for some materials, a satisfactory value of the pro- : 


portional elastic limit, but the property termed “Yield Strength” determined by . 
the ‘set method”’ as described below, is felt to be a more widely satisfactory and - 


significant measure of the desired strength property of the material. 


Vield Strength—The stress at which a material exhibits a specified 
limiting permanent set. 


Note.—It is usually impracticable and probably impossible to determine the 
stress at which inelastic action in a member begins. Plastic yielding in nearly all 
members (including the specimen in a carefully controlled laboratory test) starts 
as loca! actions and becomes measurable only after many local internal adjustments : 
and accommodations have occurred, and after a considerable portion of the member © 
is affected by the yielding. 


1 Under the standardization procedure of the Society, these definitions are under the jurisdiction 
‘the A.S.T.M. Committee E-1 on Methods of Testing. 

These definitions, when adopted, will be added to the Standard Definitions of Terms Relating to — 
Methods of Testing (A.S.T.M. Designation: E 6 - 30), see 1933 Book of A.S.T.M. Standards, Part I a 
or Part Il, pp. 965 and 1248, respectively. ie 

* Latest revision accepted by Committee E-10 on Standards, August 22, 1935. 
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The limit of usefulness of many materials, especially metals, in members sub. 
jected to approximately static loading at ordinary temperatures is therefore deter- 
mined by a measurable value of plastic yielding of the material above which the 
material is considered to be damaged and below which the damaging effects are 
considered to be negligible. 

The following methods are recommended for determining the yield strength 
of a material: 

1. For material that has a “‘sharp-kneed”’ stress-strain diagram and hence 

_ exhibits at a certain stress the special characteristic of yielding without increase 
in stress. ‘Two satisfactory methods are in use: 


(a) “Drop of the Beam” Method.—In this method the load is applied to 
the specimen at a steady rate of increase and the operator keeps the beam 
in balance by running out the poise at approximately a steady rate. When 
the yield strength of the materia! is reached the increase of load stops, 
but the operator runs the poise a trifle beyond the balance position, and 
the beam of the machine drops for a brief but appreciable interval of time. 
In a machine fitted with a self-indicating load-measuring device, there is 
a sudden halt of the load-indicating pointer corresponding to the drop of 
the beam. ‘The load at the “halt” or the “drop” is recorded, and the 
corresponding stress is taken as the yield strength. This method of deter- 
mining the yield strength requires only one man to conduct a test. 

(6) Total Strain Method Using Dividers.—This method is frequently called the 
“dividers method.”” In this method an observer with a pair of dividers 
or other suitable apparatus, watches for visible elongation between two 
section marks on the specimen. When visible stretch is observed, the 
load at that instant is noted, and the stress corresponding to the load is 
taken as the yield strength. For the higher strength steels, a gage length 
of less than 8 in. is recommended. 

Note on Yield Point.—The above two methods determine what is usually called 

_ the yield point which is commonly defined as follows: 


Yield Point.—The stress in a material at which there occurs a marked increase 

in strain without an increase in stress. 

It should be noted that only materials that exhibit this unique phenomenon of 
yielding have a yield point. The term yield point should not be used in connection 
with material whose stress-strain curve in the region of yield is a smooth curve of 
gradual curvature. 


2. For material whose stress-strain diagram in the region of yield is a smooth 
_ curve of gradual curvature. 

(a) Set Method.—This method can be used, if desired, for materials having 
sharp-kneed”’ stress-strain diagrams, but is especially adapted to materials whose 
_ stress-strain diagram in the yield range is a smooth curve of gradual curvature. 

For nearly all materials, if at any point on the stress-strain diagram such asr in 

_ Fig. 1, the load is released the diagram for decreasing load will follow a line, rm, 
approximately parallel to the initial portion, OA, of the diagram for increasing load. 
Om will then give the approximate value of the permanent set after the release of 
the stress OR. ‘The value of this set is given in percentage of original gage length. 

_ Thus to determine the yield strength by the “set method,” it is necessary to secure 
data (autographic or numerical) from which a stress-strain diagram may be drawn. 
Then with the stress-strain diagram (Fig. 1) lay off Om equal to the specified value 
of the set, and draw mn parallel to OA and thus locate r, the intersection of mn with 
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the stress-strain diagram. Draw Rr parallel to the X axis and then OR gives the 
value of the yield strength. 

In reporting values of yield strength obtained by this method, the specified 
value of ‘‘set’’ used should be stated in parentheses after the term yield strength. 
Thus: 

Yield strength (set = 0.1 per cent) = 52,000 Ib. per sq. in. indicates that at _ 
a stress of 52,000 lb. per sq. in. the approximate permanent set of the material : 
reached the value of 0.1 per cent of the original gage length. ! 


Stress 


/ / 
0 
“Om = Specified Set 
Fic. 1.—Stress-Strain Diagram. 


In using this method, an extensometer reading to 0.0001 in. per inch of gage + 
length would be sufficiently sensitive for most materials. It will be observed that 

the elastic limit and proportional limit are special values of the yield strength in 
which the specified limiting set is not measurable with the instruments used and 
hence is considered to be zero. 


1 Yield Strength (or its equivalent) is specified as follows in the standards and tentative standards ~ 


of the American Society for Testing Materials: 
LIMITING VALUE OF 
STANDARDS OR TENTATIVE STANDARDS FOR: “SET,” PER CENT 
Aluminum-Alloy Bars, Rods, Shapes, Sheet..........2-scecccccecccccccees 


Magnesium-Base Alloy Forgings, Castings, Sheet..............2.+2eeeeeees 
The Alloy: Copper, 80 per cent; Tin, 10 per cent; Lead, 10 per cent........ 
Copper-Silicon Alloy Plates, Sheets, and Bars..........-0-e.eseeeeeeeeeees 
Sand Castings of Alloy: Copper, 88 per cent; Tin, 8 percent; Zinc, 4 per cent. 
Bronze Bearing Metals and Steam or Valve Sand Castings..............++- 
Composition Brass or Ounce Metal Sand Castings..............-+eeeeeeeee 
Naval Brass Rods for Structural Purposes.........-.200:eeececcceeccecees 


0.5 (elongation under © 
load; approxi- 
mately equivalent 
to “‘set’’ of O 35 
per cent) 
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For any given stress the deviation (offset) from Hooke’s law is only approxi- 
mately equal to the set after the removal of that stress, and the approximation be- 
comes less and less exact as the permissible deviation diminishes. This method js 

= for determining a stress corresponding to a well marked plastic deformation, 
or set, and it is not feasible to specify a very small value for the permissible “‘set,”’ Om, 

(b) Approximate Method Without Stress-Strain Diagram.—For tests to deter. 
mine the acceptance or rejection of material whose stress-strain characteristics are 
well known from previous tests of similar material in which stress-strain diagrams 
were plotted, the total strain corresponding to the stress at which the specified 
permanent set occurs will be known within satisfactory limits; therefore, in such 
tests a specified total strain may be used, and the stress on the specimen, when this 
total strain is reached, is the value of the yield strength. The total strain can be 
obtained satisfactorily by use of an extensometer reading to 0.0001 in. per inch 
of gage length. But it is recommended that this approximate method be used 
only after agreement between producer and consumer, with the understanding that 
check tests be made for obtaining stress-strain diagrams for use with the set method 
to settle any misunderstandings. 
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TENTATIVE RECOMMENDED PRACTICE 
FOR 
METALLOGRAPHIC TESTING OF FERROUS 
AND NON-FERROUS METALS! 
A.S.T.M. Designation: E 3 - 35 T 


This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 


IssuED, 1935. 

Scope 

1. (a) The aim of metallographic testing is to reveal the constitution 
and structure of metals and alloys by means of the microscope, at relatively 
high magnification (microscopic examination) or at low magnification 
macroscopic examination). 

(b) Inasmuch as the preparation, etching and examination of the differ- 
ent metals varies to some extent, the metallographic examination of each 
metal and its alloys is discussed separately and in the following order: 


METAL SECTIONS 


GENERAL PROCEDURE FOR SELECTING, MOUNTING AND CLEANING 
TEST SPECIMENS 


Selecting Test Specimens 
2. The location of the test specimen for microscopic examination is of 
pime importance and may be determined by preliminary macroscopic 
examination. In a casting, a section cut perpendicular to the surface will 
‘Under the standardization procedure of the Society, these methods are under the jurisdiction of the 
iM. Committee E-4 on Metallography. 
l'nis Recommended Practice is in effect a tentative revision of and is intended to supersede when adopted 
4 standard the present Standard Methods of Metallographic Testing of Iron and Steel (E 3 - 24) and the 


Standard Methods of Metallographic Testing of Non-Ferrous Metals and Alloys (E 5 - 27), see 1933 Book of 
Standards, Part I, pp. 909, 922, respectively. 
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show the variations in structure from the outside to the interior. In forged 
or rolled metal, both transverse and longitudinal sections should be exam- 
ined; a longitudinal section is generally preferable where only one section js 
used. Special investigations may at times require specimens parallel to the 
original surface of the product. A single specimen is not necessarily repre. 
sentative. Due care must be taken in cutting the sample not to change the 
structure to be examined; in steel, for instance, this may occur in shearing 
or torch cutting, or even in grinding hardened specimens. ‘The location of 
the surface examined should always be given in reporting the results and in 
the description of any illustrative photomicrographs so that it will be 
entirely clear exactly what section of the material was used for the examina- 
tion. A suitable method of indicating surface locations is shown in Fig. 1. 


y 
Transverse 


Fic. 1.- -~Method of Specifying Location of Area Shown in Photomicrograph. 


_ SHAPES TO BE DIRECTION OF Pos!ITION WITHIN 
SAMPLED SECTION OBJECT 


Round Bar ) 
Wire Longitudinal Distance from Axis 
Odd Shapes Transverse Distance from Axis 


Coated Wire 
Case Hardened Round Bars 


Rectangular Bars Longitudinal (Parallel) Distance from Rolled Surfa 
Sheet Longitudinal (Right Angle) Distance from Edge 

Strip from Rolled Surface 
Plates Distance from Edge 


Mounting Test Specimens 

3. (a) Specimens too small to be handled readily must be mounted. 
With sheet specimens, this is usually accomplished by binding several into 
a pack held together by two end pieces and two bolts; the pack should be 
tightly bound to prevent excessive absorption and subsequent exudation of 
etchants. Pores may be filled by immersing the pack in molten paraflin; 
separating the sheets with dense blotting paper may also eliminate this 
exudation (the blotting paper may become impregnated with abrasive, how- 
ever, and make polishing difficult). Care should be especially exercised 1! 
hydrofluoric acid is used for etching as subsequent fuming may attack the 
microscope objective. ‘The sheets to be examined are frequently alternated 
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sith “filler” > shanate of a softer alloy in order to secure a more compact _ 
gecimen and to preserve surface irregularities. Other types of specimens 
xe generally placed in a metal ring and a mounting medium cast around | 
them. For ferrous metals the usual mounting medium is solder of 50 per _ 
ent lead and 50 per cent tin or a more fusible alloy like Wood’s metal. An_ 
iloy of 52.5 per cent bismuth, 31.5 per cent lead and 16 per cent tin (melt-- 
point 95 to 98 C.) is also used in some laboratories. Cadmium-zinc 
itectic (82.5 per cent cadmium, 17.5 per cent zinc; melting point 264.5 C.) 


pproximately the same polishing and etching characteristics as zinc. 
tmperature of the eutectic should be kept below 300 C. since cadmium 
side fumes are very poisonous. Pure zinc is a good mounting material for 
vlvanized wire. Sulfur is widely used as it has a low melting point (119 C. 
46 F.)) and resists attack by most etching reagents (cold). It may 
gmetimes cause pitting in steel samples, however, and tends to tarnish 
opper alloys. Bakelite, of which many grades must be molded under pres-_ 
ure, makes a good mount for powdered material, thin sheets and wires or 
iregular objects in which a longitudinal section is to be examined a,2).! 
Plaster of Paris, DeKhotinsky cement, sealing wax, a litharge glycerine 
ment, and some special dental cements are also used, especially for non- 
ferrous metals such as gold, platinum and other precious metals. In choos- 
ing the mounting material some consideration must be given to its resistance 
toattack by the etchants and its effect on the specimen, especially as regards 
dectrolytic attack at the edges. 

(b) Small wires, odd shapes, fractures, or specimens of which the edges 
are to be examined, are frequently electroplated before mounting@e,4,5) to 
avold tearing or rounding off during subsequent polishing. Ferrous ma- 
terials are usually copper-plated for this purpose. A flash coat in a copper 
cyanide bath (Note 1) is first applied, followed by plating in a copper sulfate 
bath (Note 2). The precious metals are frequently plated with nickel, gold 
or silver, while fractures of many non-ferrous metals are conveniently and 
successfully silver-plated. The plating metal should be softer than the 
specimen to avoid differential polishing, which may mask the edge, and 
should not electrolytically react with the base-metal of the specimen. 


Note 1.—For the copper cyanide bath use 22.5 g. of cuprous cyanide, 34 g. of sodium 
cyanide and 15 g. of sodium carbonate in a liter of water; current density of 0.2 amp. 
per sq. dm. 

Note 2.—For the copper sulfate bath use 250 g. of copper sulfate crystals and 75 g. 

of concentrated sulfuric acid in a liter of water; current density of 2 to 4 amp. per sq. dm. 

'The boldface numbers in parentheses refer to the reports and papers given in the list of references 


ppended to this recommended practice, see p. 1347. - 
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Cleaning Test Specimens 

4. Cleanliness during polishing and etching is essential. All grease 
and oil must first be removed. For galvanized material, the zinc should be 
removed by dissolving in cold, concentrated HNO; or in dilute H,SO, 
unless, of course, the galvanized coating itself is to be studied. ‘The nitric 
acid method requires some care to prevent overheating as large samples 
generate much heat. ‘The container should be immersed in a cooling 
medium during use. Rusted fractures may be cleaned with a dilute solution 
of ammonium citrate or phosphoric acid. 


IRON AND STEEL 
Preparation of Specimens 

5. (a) Rough grinding on an abrasive wheel or coarse emery paper is 
usually sufficient, and even machined surfaces may sometimes prove satis- 
factory for deep etching specimens for macroscopic examination 6). When 
less severe etching, such as with ammonium persulfate, is to follow, or in 
sulfur printing, a somewhat smoother finish may be desirable. 

(b) In polishing for microscopic examination, the specimen should not 
be too large, preferably not over } to 1 in. square and about } in. in thick- 
ness. A flat surface is obtained either by rubbing the specimen on a file 
held in a vise or by grinding on an abrasive wheel. ‘The specimen is then 
ground on emery paper, which may be mounted on disks revolving at about 
500 to 1200 r.p.m.; three successive grades of paper, such as Nos. 3, 0, 00, 
are sufficient. The grinding on each paper should be in one direction 
preferably at 90 deg. to that in the preceding stage. ‘This is followed by 
the wet polishing stages on cloth-covered wheels revolving at about 400 
r.p.m. ‘To these are applied water suspensions of No. 320 alundum, No. 600 
alundum, and levigated alumina, respectively. The cloth should not be too 
thick and should have no ‘‘nap;” a cotton cloth resembling ordinary linen 
table cloth in weave and weight works well. The final polishing to remove 
all scratches is on a velveteen cloth with Merck’s heavy magnesia; this 
should be applied dry by rubbing into the moistened cloth; any rough 
particles can be felt with the fingers and wiped off to the edge of the disk 
by hand. During these wet polishing stages the specimen should be inter- 
mittently or continuously turned about the vertical axis to avoid pitting. 
The specimens should be washed after each stage to avoid carrying over 
any of the abrasives to the next stage and must not be allowed to stand 
without drying, as deep pits, due to rusting, may form very rapidly. After 
polishing, the specimen should be washed in warm water (21 C. (70 F), 
maximum) or alcohol, swabbed with absorbent cotton moistened in alcohol, 
and dried in a blast of warmed air (21 C. (70 F.), maximum). Special care 
should be taken to wash the magnesia wheel in water containing a trace 0! 
HCI after using, as the magnesia cakes and hardens by taking up CO; from 


the air. 
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(¢) Very satisfactory results can be obtained with the. procedure 
rease @ described in Paragraph (b), but many other satisfactory variations have 
ild be § been suggested. Vilellac7) omits the intermediate wet polishing stages and 
[,S0,, § goes directly from fine emery paper (No. 000), smoothed by rubbing with 
nitric § graphite, to the final polishing wheel. ‘This reduces the chances of dragging 
mples § out non-metallic inclusions in steels and graphite in gray and malleable cast 
oling § iron. A good flat crepe with alumina for the abrasive is said to be a satis- 
ution | factory substitute for velveteen and magnesia for studying inclusions. It 
is essential that pitting and dragging out of inclusions) and of graphite 
be avoided; this can be accomplished by the general method outlined in 
Paragraph (b), if care is used. Othersis) also recommend final dry polishing 
ior material containing graphite. Wheels covered with paraflin are used 


orig by a number of laboratories, generally with the abrasives suspended in a 

a slution of 50 per cent liquid soap and 50 per cent water. Impregnating 

, Ff the abrasives in the paraffin wheel has been triedao). Pulsiferi1) omits the 

Ort Final polishing stages and etches after wet polishing on emery flour; alter- 
nately etching and polishing. 

d not 


hick (d) A recommended method for polishing cast iron consists in running 
7 

a fil through on the four grades of abrasive papers (from Nos. 180 to 400) on 
vertically mounted wheels rotating at about 500 to 600 r.p.m. ‘The center 


‘heat portion of the No. 400 disk, where the paper has been glazed with graphite, 

ws ©. used for the fifth polishing step. ‘The final polish is made on moistened 

in lat silk crepe which is mounted on a horizontal-type disk rotating at 750 


dby § TP Levigated alumina (which settles at the rate of } in. per hr.) is used 
- § as the abrasive. This method permits the retention of graphite with a 


good, scratch-free surface. In general, very soft specimens are more 
aaa dificult to polish than hard ones. Specimens about 4 in. or 3 in. square are 
linen preferred to larger sizes, due to the shorter time required for any given step 
ome f the polishing procedure, particularly on the silk crepe wheel. ‘The less 


this time spent in the last stages of polishing, the better are the chances for 
ough complete retention of graphite. Sulfur has been found to be a satisfactory 
dik Mounting material. 

(e) Polishing machines in which the specimen is held and rotated auto- 


nter- 

sae matically have been employeda,1z2) and are being more and more extensively 
Fused. 

stand f) Various abrasives have been used «1,8,13). Roddaaa) has described a 


After method for preparing graded abrasives for metallographic polishing but for 
F) most work, however, the commercially obtainable abrasives and polishing 


ohol powders are satisfactory. Ordinary levigated alumina purchased in bulk 
cre MY be re-levigated just before using by suspending in water for about 
wii 4 minute or longer and siphoning. Silicon carbide and boron carbide 


tease powders and diamond dust have been recommended by Hoytas) for polish- 


ing tungsten carbide. 
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Etching 


RECOMMENDED PRACTICE FOR METALLOGRAPHIC TESTING 


In general, polished metal shows no trace of crystalline structure; 
etching is used to clearly delineate the structure and to produce optical 


contrast between the various constituents. 


A great number of etching 


reagents and methods for iron and steel have been proposed, but the majority 
of work can be done with relatively few reagents. 


TABLE I.—ETCHING REAGENTS FOR MAcroscoPpic EXAMINATION OF IRON AND STEEL. 


E itching Reagent 


No. 1. Hydrochloric ac id { 


No. 2. Mixed acid....... 
No. 3. Nitric acid....... { 


No. 4. Ammonium per- 


No. 5. Stead’s reagent... 


No. 6A. Fry's reagent... 


{ 


HCl (cone. ) 
H.0 


HCI (cone.) 


Composition 


H2SO;, (cone.)........ 


2 


NOs (conc.)....... 


Cupric chloride... ... 


Magnesium 
HC! (cone.) 


Cuprie chlo 
HCl (cone.) 
H.0 


chloride. 


ride 


Cuprie chlo: 


HCI (cone.). . 
H20 


ride..... 


HNOs 
Ethyl alcohol. . 


Remarks 


Use 


50 ml. 
50 ml. 


38 ml. 
12 ml. 
50 ml. 


25 ml. 
75 mi. 


10 g. 
90 ml. 


2.5 g. 
10.0 


5 ml. 
Up to 250 ml. 


90 g. 
120 ml. 
100 ml. 


45 g. 


.| 180 ml. 
100 ml. 


5 ml. 
95 ml. 


Used hot or boiling for about 
10 to 15 min. depending 
on the steel. 


Recommended by Yatse- 
vitch (19); to be used as 
above for from 15 to 45 
min. 


Used cold for large surfaces 
such as split ingots which 
cannot conveniently be 
heated 


Surface should be rubbed 
with absorbent cotton 
during etching. 


The salts are dissolved in the 
HCl with the addition of 
the least possible quantity 
of hot water. 


Most useful for mild steel, 
particularly bessemer 
steel; before etching, sam- 
ple should be heated to 
200 to 250 C. (302 to 482 
¥.) for 5 to 30 min., de- 
pending on the condition 
of the steel; during etch- 
ing the surface should be 
rubbed with cloth 
soaked in the etching 
solution; wash in alcohol 
or rinse in HCI (1:1) after 
etching to prevent de- 
position of copper. 


Same as for reagent No. 6 
but modified by Wazau; 
may give more contrast; 
specimen can be washed 
in water without deposit- 
ing copper. 


Etch 5 min., followed by 1 
sec. in HCI (10 per cent). 


Showing segregation, por 


sity, cracks, depth of bard- 


ened zone in tool stee 
spots, etc. 


Same as for reagent N 


works well for stainle 


steel. 


Same as for reagents N 
2. 


anc 


To bring out grain str 
in cases of excessive 
growth,  reerystalli 
at welds, etc. 


To bring out phosp 
rich areas and phos} 
banding. 


To show up strain lines 


to cold work. 


Same as for reagent N 


To determine cleanness 


to increase contrast. 


Etching for Macroscopic Examination 

7. (a) In deep etching 16,17,18,19), hot solutions of HCl or H.SO,, of 
mixtures of these acids, are generally used; deep etching reveals physical 
and chemical non-homogeneity such as porosity, cracks, seams and segre- 
gation; an aqueous solution of ammonium persulfate brings out the grain 


structure; 


Stead’s reagent, phosphorus banding; 


Fry’s reagent, strain 


lines. 
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lines. Cooling low-carbon steel specimens in either ordinary or ‘‘dry”’ 
prior to etching is said to improve grain boundary contrast. For photo- 


sraphing, increased contrast is obtained by washing after etching and 
applying glycerin to the etched surface. 

(b) In Table I are given the etching reagents commonly recommended 
for macroscopic examination of iron and steel. A more complete dis- 
cussion is given by Berglund o). 

Sulfur Printing 

8. This is a macroscopic method for revealing sulfur segregation and 
the size and distribution of the sulfides. 

(a) The surface of the specimen is pressed against a sheet of photo- 
graphic paper which has been moistened with a dilute aqueous solution of 
sulfuric acid (2 to 10 per cent). Matte-finish photographic paper is prefer- 
able to prevent slipping. A few seconds to about a minute contact may be 
necessary depending on the sulfur content. Yellow or brown specks on 
the paper indicate the presence of sulfides in the specimen. ‘The prints are 
fixed in sodium thiosulfate (“hypo”), washed, and dried. Transparent 
silver bromide paper can also be used) to give a sulfur print transparency 
from which contact prints in any number can be made on ordinary photo- 
graphic paper. Berglund) has given a detailed discussion of sulfur 
printing. 

(b) There is some question whether the presence of phosphorus will 
also give a yellow color. Royen and Ammermannqy) state that prints made 
on gelatin paper with use of the following solutions reveal only sulfur; 
phosphorus having no effect: 


( 25 g. of cadmium acetate plus 200 ml. of acetic acid (80 per 


Solution No. 1.... 4 cent) to which is added a solution of 500 ml. of HzSO, in 
| 950 ml. of H,0. 
Solution No. 2.... 120g. of CuSO, plus 880 ml. of H,O plus 120 ml. of H,SO,. 


The specimen to be tested is pressed for 2 to 4 min. upon gelatin paper 
which has been treated with solution No. 1, and yellow cadmium acetate is 
precipitated. By immersion for 2 to 3 min. in solution No. 2 2, this is 5 tonne: 
formed to the dark brown to black Cu.S. : 7 


Etching for Microscopic Examination 

9. (a) Mild etching solutions are generally used for microscopic exam- 
ination. For carbon steels, solutions of picric or nitric acid in ethyl alcohol 
are most commonly employed; alkaline solutions like sodium picrate or 
potassium ferricyanide are used for darkening the carbides; for stainless 
steel aqua regia diluted in glycerin gives good results while electrolytic 
etching is frequently employed. 

(b) The polished and thoroughly cleaned sample is immersed in the 
Solution face up by means of nickel or other corrosion-resisting etching 
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TABLE 


RECOMMENDED PRACTICE FOR METALLOGRAPHIC TESTING 


II.—Et1cuInG REAGENTS FOR Microscopic EXAMINATION OF IRON AND Steg, 


Ete ching Reagent 


No. 1. Nitrie s acid (2 | 
per cent Nital).... 


No. 1A. Nitrie acid 
(1 per cent Nital) 


No. 2 


per ‘cent Picral). .. 


No.3. Sodium 
pierate 


No. 4 Ferricyanide 
solution 


No, 5. Hydrogen 
peroxide and so- 4 
dium hydroxide... 


No. 6 


agent 


No. 7. Fry’s micro- 
reagent 


No. 8. Mixed 
acids in glycerol. . 


Stead’s re- | 


\ 


Piecrie acid (5 { 


\ 


| 


No. 9. Chrome-regia { 


No. 10. Ferrie 
chloride.......... 


time, a few seconds to 


Composition Remarks 
HNOs (cone.)............ 2 mi. Only clear white HNO: (sp. 
Ethyl alcohol (abs.)..... 98 ml. gr. 1.42) should be used; 
about a minute. 


HNOs (cone.)...... 
Ethyl alcohol 


Ethyl aleohol (abs.)..... 


Sodium hydroxide. . 
H,0. 


Potassium ferricyanide. . . 
Potassium hydroxide... . 


10 per cent NaOH, 
aqueous solution....... 


Cupric chloride......... 
Magnesium chloride... . . 
: (cone.) 


uprie :chloride......... 
Ethyl aleohol........... 
Acetic acid (28 per cent) 


Chromic acid(10 per cent). 


Ferric chloride........... 


1 ml. 
99 ml. 


5g. 
100 ml. 


2g. 
25 g. 
100 ml. 


10 ml. 
20 ml. 


100 ml. 


40 ml. 
30 ml. 
5g. 

25 mi. 


3 parts 
1 part 
2 parts 
1 part 


25 parts 
5 to 50 parts 


See reagent No. 1. 


Clean, dry, picrie acid erys- 

tals should be used: time, 

a few seconds to about a 
minute or more. 


Use boiling, 5 to 10 min. 


May be used cold, but pref- 
erably hot; should be 
freshly made; time, 5 to 
10 min. 


Use fresh; etch 10 to 12 
min. 


Dissolve the salts in the 
least possible quantity of 
hot water; etch for about 
a minute; should be used 
with discrimination. 


Time, about 10 sec. 


Time, about 30 sec. or 
longer; method of alter- 
nate polishing and etch- 
ing should be used. 


The activity of this solution 
is controlled by the 
amount of chromic acid. 


Time, about a minute. 


For carbon steel, iron, and 
cast iron. Nital brings 
out grain boundaries clear 
ly; carbides are unetehs 
for the structures of 
trided steels. 


For tempered samples, 


Same as reagent 1A; 
grain size of quer 
steels is brought out 
prolonged etching; 
shows detail more 
cately than nital. 


Colors cementite, but 
carbides high in chron 
in tungsten steels, 
tungstide (Me,W) 
iron-tungsten -earl 
(Fe2W2C) are colorec 
tungsten carbide is 
affected; attacks sulfides 


Darkens carbide contair 
chromium; carbides 
tungstides in tur 
and high-speed steels 
room temperature 
ternary carbides (Fe 
or FesW 2) in a fev 
onds, iron tun 
(Ke: 2) in several mi 
and barely colors 
mentite. 


Darkens iron tungstic 
carbon-free iron-tur 
alloys. When cart 
present this solution 
ens the compound 
WC?) in proportion t 
amount of carbon pr 
tungsten carbide is 
ened. 


For showing segregat 
phosphorus; copper t 
to deposit first on 
poorer in phosphorus 


To reveal strain line 
precipitation — effect 
“aged” steel, Req 
careful examination. 


For 18 per cent chromium 
8 J cent nickel stainless 
steel; also for structure of 
iron-chromium base alloys 
containing aluminum, 
tungsten, vanadium, mat- 
ganese, nickel and moly- 


denum (93). 


For 18 per cent chromium, 
8 per cent nickel stainless 
steel (93). 


For austenitic nickel- 
steels(93 


Etching 

Mar! 
reagent. . 


No. 12, Cop 
fate and 
chloride. . 


13, Fert 
solution . . 


No. 14, Net 
sodium pi 


No.5, Chre 
and heat 


No. 17, Toc 


. 
4.) | 
| 
| 
| 
| 
| 
| | 
|... 
| | 


mium 
ainless 
ture of 
alloys 
ijnum, 
molyb- 


mium, 
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Table II (Continued). 


Etching Reagent 


\o, 12, Copper sul- 


fate and cupric 


v.13. Ferricyanide 


\o. 14. Neutral 
sodium picrate.... 


15. Chromic acid 
and heat tinting. . 


16. Hydrofluore 


Nitric acid 
»benzol (94). 


| 


| 


Composition 


Remarks 


Copper sulfate 


Dilute to 1000 ml. with 
95 per cent ethyl al- 
cohol. 


Potassium ferricyanide. . 
Potassium hydroxide 
H.0 


1 per cent neutral sodium 
picrate solution. 


8 per cent chromic acid, 
followed by heat tinting. 


0.1 N iodine solution 
Alcohol 


Copper ammonium 
chloride 

H2O 

Current density 0.5 amp. 
per sq. dm. 


HNOs 

Methyl alcohol 

Add 40 drops of above 
solution to 50 ml. nitro- 
benzol. 


2 parts 
1 part 
2 to 4 parts 


1 part 
10 parts 


0.5 g. 
100 ml. 


3 parts 
1 part 


6 parts 
4 parts 


20 mi. 
80 ml. 


ae also be used hot; time 


ut a minute. 


Chemicals should be ac- 
curately weighed. ‘Time, 
about 30 sec. or less to a 
minute. 


Use a freshly made boiling 
solution for 15 min. 


Wash salt well with alcohol 
to remove excess picric 
acid or alkali, immerse in 
boiling solution for 20 
min, 


Etch first in_picric acid, 
then for 1 min. in chromic 
acid; heat tint by placing 
specimen face up on a hot 
ye heated to about 

250 C, (500 F.) for about 
minute. 


Time, about 1 min. 


Time, 5 to 15 min. 


Time, 30 min., repeated 
etching and polishing. 


Saturate with cupric chlo- 
ride and let stand 20 to 30 
min. before use. Swab. 


Swab. 


Immerse specimen about 5 
to 15sec., rinse in alcohol, 
swab with concentrated 
NaOH to remove film, 
rinsein alcohol. Use only 
anhydrous acid and alco- 
hol in reagent. 


For structure of stainless 
steel, particularly to reveal 
extent of carbide precipita- 
tion in 18 per cent chro- 
mium, 8 per cent nickel 
steel; total depth of ni- 
trided case(93). 


For showing total depth, 
structure, and various 
zones of nitride d steels, 


Shows difference between 
carbides and nitrides; ce- 
mentite is blackened, 
pearlite is turned brown, 
and massive nitrides re- 
main unchanged. 


Darkens iron tungstide in 
high speed steel but not 
the complex carbide; dark- 
ens iron-phosphide in cast 
iron but not cementite. 


Distinguishes between iron- 
phosphide and cementite 
in the phosphide eutectic 
of cast iron; iron-phos- 
phide is colored darker. 


For structure of high silicon 
alloys of the duriron type. 


For detecting silicon 
solved in iron; 


etch 


To develop etching pits in 
iron. 


For stainless alloys and 
others high in nickel or 
cobalt. 


Same as for reagent No. 19. 


For detecting cementite, 
particularly silicon 
steels. Used instead of 
reagent No. 3. 


dis- 
ol higher 
silicon areas more lightly 


13 
— | | 
ring 20 ml. 
10 g. 
ts 
Nitricand {| HNOs.............. 
id........ | | Acetic acid.......... 
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Polish Specimen Carefully so as to Preserve Inclusions and Project Magnified ma 


on Ground Glass by Arc or Equally White Light without Color Screen. 
7 


GRAY OR BLACK INCLUSIONS 


CREAM COLORED (PALE YELLOWISH), YELLOw, 


RED, OR PURPLE INCLUSIONS 


Etch lOsec with OY acid in alcoho/ 


Etch 10 min.with boiling o/kolne sodium picrote 


J 
Strongly attacked off IF UNATTACKED 
Compound from pitted fte 5 min. with 
mold wash (rare). 10% chromic acid 

(aleither FeO withFes| in woter. (Be care- 

m solution (usually ac ful to observe thot 

componied by | the polished surface 

FeS eutectic). 1s wetted by the 
(b) or FeO*Mn0 and other oxides in solution). 


solution. 


Note /.- Octahedral crystals are proba- 


bly magnetite 
Note 2.- Bo 


loth (a) and (b) wil/ be dark- 
ened further by 20 sec. su/fur print - 
ing (2% H2S0,4 in water and destray- 


Tron Sulfide 
(pale yellowsh) 


ATTACKED 
IF UNATTACKED 


Purplish color, rother | Yellow cubes or 
easily polished 
smooth, is 


cubic form is 


|Zirconium Mitride 


ed by etching with stannous chloride ; - 
os indicoted below). | Chromium Oxide | 
ATTACKED IF UNATTACKED Pinkish color, strongly angular 
FeS-Mn§&, rich in MnS. of form rather difficult to polish 
Any unattocked will be and etch 5min.with boil- 
blackened by next treatment. ng alkaline sodium picrate.. [ Titanium cyano nitride | 
Y Y 


CON BLACKENED 


PARTLY ATTACKED 

(a) Oxide rich in MnO (will 
be destroyed by stannous 
chloride) . 

(b) Siiicate with some MnO 
(will be destroyed by 


If Unattacked (or 
partly attacked in 
previous treatments), 
etch lOmin. witha 
saturated solution of 
Stannous chloride in 
alcohol. 


in Mn hydrofluoric acid). 
SUPPLEMENTARY TESTS ATTACKED 


Tn all instances check defermin- 
ations in the light of the evidence 
of a careful chemical analysis, 
and, whenever possible , by 
other methods , such as : 

I Sulfur Printing (for 20 sec. 
using a 2 % aqueous so/- 
ution of H2S04): 

(1) Dissolves all FeS~MnS 
inclusions . 

(2) Partly dissolves (pits) FeO 
contaming FeS and oxides of 
other metals in solution. 

(3) Leaves unchanged ; iron sul- 
fide (pale yellow) pure iron 
oxide (medium gray) sili - 
cotes (dark gray). 

II Matweieff's Tests. See 
Sauveur'’s“Metallogrophy and 
Heat Treatment of Iron and 
Stee!” pp.5/2 and 513 (1926). 

I _Rohl’s Tempering Test for 
Sulfides . 


~ Some reference as in II, 
p. 53. 


Tron Oxide or (if 
previously pitted) 
compound oxide. 


If Unattacked (or previously pitted 
etch 10 min. with 20 %o aqueous 
solution of hydrofluoric acid. 


¥ 
ATTACKED 
Silicate (if previously pitted IF UNATTACKED = 
presence oF Mn is indicated). Repolish and note color and f 


/f fine particles very dark color, 


difficult to polish without pitting 


and not elongated by hot work 1s 


/f color not especially dork, 
easily polished smooth without 
pitting 


fairly large angular fragments 
changeable bright spots 


as focus is changed are 


Sand Grains 
(in steel castings) 


Small angular porticles bluish 
in color 


Probably Titanium oxide 
(in titanium treated steel | 


: Fic. 2.—Method for Identification of Inclusions in Iron and Steel. 
a (By Campbell and Comstock, Modified by W6hrman.) 
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tongs. During etching it is often desirable to stir the solution gently or to 
jwab the surface with absorbent cotton to avoid deposition of smudge; for 
stainless steel this is necessary to also prevent gas bubbles from clinging to 
the surface. The progress of etching can generally be observed visually, 
but it should also be carefully timed. Ifthe sample is not etched sufficiently, 
the process may be repeated, but if it is overetched the sample may have 
to be repolished or even reground; too deep etching, therefore, should be 
avoided. It may frequently be necessary, especially with stainless steel, 
to etch, repolish, and re-etch, in order to remove the surface layer of de- 
formed metal produced during grinding and polishing. 

(c) In Table II are given the etching reagents commonly recommended 
for microscopic examination of iron and steel. More extended discussions 
are given by Berglund zo) and in the National Metals Handbooks). 


Identification of Inclusions in Iron and 4 

Steel 

10. The method for identifying inclusions in iron and steel, worked 
out by Campbell and Comstock and modified by W6hrman, is given in 
Fig. 2. A microscopic method for determining the amount of inclusions or 
the cleanness of a heat of steel has been described by Epstein a). 


Detection of Cracks and Pin Holes 

11. (a) Cracks are readily revealed by deep etching (a 15 per cent 
solution of sulfuric acid in water works well for grinding cracks), but this 
method may be too destructive for some purposes and may actually cause 
cracks. For fine cracks such as may be produced by quenching, fatigue, or 
in grinding hardened steel, the following magnetic method is useful: The 
roughly polished specimen is magnetized by suitable means and fine iron 
powder dusted on the surface. The iron particles bridge across discon- 
tinuities in the specimen and thus locate the cracks. Under certain con- 
ditions it is preferable to immerse the magnetized specimen in a light oil in 
which the iron powder is held in suspension. Suitable iron powder (‘‘mag- 
naflux”) can be purchased@s). Bitter@s) has used a similar method to 
reveal inhomogeneities in the crystal structure. Another method is to place 
the part to be tested in warm oil, clean thoroughly, and paint with lime; 
the presence of cracks is revealed by oil spots in the lime. In still another 
method the sample is immersed in a sulfide solution; due to the capillary 
efiect some of the solution is sucked into any crevices present. The sample 
is then cleaned and pressed against photographic paper moistened in dilute 
sulfuric acid; black silver sulfide is formed at the cracks. 

(b) A reliable methodz) for determining the porosity of tin coatings 
and other cathodic coatings on iron and steel is to place the coated sheet in 
not distilled water for several hours. Very adherent and visible rust 
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spots form at the pores. The ferricyanide testis) is more rapid. Suitable 
paper can be purchased or may be prepared by immersing white typewriter 
or blotting paper in the following solution for 30 min.: 60 g. of sodium 
chloride, 10 g. of potassium ferricyanide, and 1000 ml. of water. ‘The 
sample after degreasing is dampened with water, and a sheet of the pre- 
pared paper is placed on the surface and gently smoothed out; after a few 
minutes contact, the paper is removed, washed, and dried. Blue spots 
indicate the presence of pin holes. ‘This test is not suitable for testing the 
porosity of tin plate which has been subjected to cold work such as bending 
or stretching. 


ALUMINUM AND Its ALLoys 


Preparation of Specimens 

12. The methods described in the following P aragraphs (a) to (d) for 
preparing specimens of aluminum and its alloys for microscopic examina- 
tion have been recommendedas,30): 

(a) A plane surface is obtained and saw-marks removed by rubbing 
on a medium mill file. After the file cut, the specimen is rubbed succes- 
sively on Nos. 0, 00, and 000 metallographic emery papers coated with a 
solution of paraffin in kerosine to keep the specimen bright and prevent 
embedding particles of the abrasive in the surface. 

(b) If a suitable microtome is available@), a more satisfactory surface 
can be obtained by using it to replace the two operations described in 
Paragraph (a). 

(c) The first wet polishing operation is carried out on a broadcloth- 
covered wheel rotating at about 300 r.p.m. A water suspension of No. 600 
alundum flour (or a similar material) is generally used as the abrasive. ‘This 
mixture is conveniently prepared by placing a quantity of the abrasive ina 
flask of water and shaking until it is in suspension. It can then be supplied 
to the wheel directly from the flask while the specimen is held in contact 
with the broadcloth. The alundum tends to settle, so the flask should be 
shaken frequently during the early stages of polishing. As _ polishing 
progresses, however, the coarser abrasive should be washed from the wheel 
with a stream of water from a wash bottle and a suspension used, from 
which the coarser particles have been settled out. 

(d) The final wet polishing operation is carried out on a wheel covered 
with ‘‘kitten’s ear” broadcloth and rotating at about 150 to 200 r.p.m. The 
cloth (Note 1) is thoroughly moistened with distilled water (1ot tap water) 
and Merck’s heavy magnesium oxide powder (Note 2) worked into it with 
the fingers or palm of the hand, brushing away any coarse particles. ‘The 
cloth should be kept moist with distilled water at all times during polishing 
and, near the end of the operation, should be washed nearly free of abrasive; 
finishing the polishing with the wheel rotating slowly and using a plentiful 
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This final polishing must be done very carefully, varying 
the pressure and time of polishing with the alloy and temper of the specimen. 
The polishing on this second wheel should remove all striations from the 
alundum cut and the specimen should frequently be turned through 180 
deg. to avoid surface flow. 
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Note 1.—New polishing cloths should be boiled in distilled water for several hours 


prior to use in order to soften the fibers. 
distilled water slightly acidified with hydrochloric acid. 


When not in use, the cloth should be kept in 


Note 2.—Several grades of magnesium oxide are prepared specifically for metal- 


lographic use and have been found satisfactory for polishing other metals. 
aluminum, however, the caustics they contain result in undesirable etching. 


When used for 


TABLE III.—ETCHING REAGENTS FOR ALUMINUM AND Its ALLoys. 


Etching Reagent*® Composition Remarks Use 
Hydrofluorie acid(33 to 42) { ai soft cotton for | General; microscopic. 
NaOH. 1g. Swab for 10 sec. General; microscopic. 
Sodium hydroxide(33 to 42) 
| NaOH -| 10g. Immerse for 5 sec. at 70 C. | Can be used for both micro 
90 ml (160 rinse in cold and macroetching. 
water. 
2 eee { | HeSOs (cone.) 20 ml Immerse for 30 sec. at 70 C. | Aluminum-copper-iron-man- 
Sulfuric acid(43).......... 80 ml (160 F.); quench in cold ganese from aluminum- 
water. iron-manganese or alumi- 
num-copper-iron. 
\. Sulfuric acid(44)........ {i Game)... 
Nitric acid (45 (tS HNOs (cone.) 25 ml Immerse for 40 sec. at 70 C. | aAluminum-iron-siliconfrom 
75 mi (160 F.); quench in cold FeAls; microscopic. 
water. 
— 1.0 for 10 to sec.; of duralumin 
(¢one.)..... 1.5m wash in stream of warm | type alloys, 
5. Keller’s etch(46).......... HNOs (conc.) 2 5 ml water. 
95.0 ml 
{| HF (cone.)...... 10 ml Immerse for 10 to 20 sec.; | Macroscopic etching, 
. Flick’s etch(47)........... 4 | HCI (cone.)..... 15 ml wash in warm water fol. 
(| 90 ml lowed by dip in concen- 
trated HNOs. 
{| HF (cone.)...... 15 ml. Etch by immersion. Macroscopic. 
28 
{| HF (conc.)......] 2 parts General. 
8. Vilella’s etch(49).......... | HNOs (conc.). 1 part 
Glycerine....... 3 parts 


‘A number of other etching solutions or variations of those given above have been suggested by Czochralski(50), 
-a(37,38), Hanson(36), Anderson(40), Meyer(44) and Blumenthal (52). 


(e) When polishing is complete, the specimen should be washed in a 
stream of warm water and dried by blowing the excess water from the 


surface. 
thereafter. 


The polished surface must not be touched or rubbed on anything 
Specimens will retain their finish indefinitely if kept in a desic- 


cator or sterilizer cabinet where dust, dirt and moist gases from the atmo- 
sphere will not collect on the surface. 


t 
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(f) Specimens to be examined macroscopically need not be polished as 
carefully as those for microscopic examination. If large enough, they may 


be suitably prepared by machining the surface on a shaper or lathe using 
the recommended practice for machining aluminum@z). Small specimens 
may be prepared by rubbing on several grades of abrasive paper beginning 
with about No. 180 aloxite and ending with No. 0 emery. 


Etching Reagents 

13. (a) In Table III are given the etching reagents commonly recom- 
mended for aluminum and its alloys. 

(b) ‘two methods of etching are referred to in Table III; swabbing 
and immersion. Swabbing gives generally uniform and satisfactory results 
and is especially desirable for preparing surfaces for photography or identi- 
fication of constituents. For macroscopic examination, however, etching 
by immersion is preferred unless the specimen is too large. When the 
immersion method is used, the specimen should not be held in the tongs 
during etching as they are of a different alloy and may affect the etching 
rate. 

(c) It is very important to control the temperature of the specimen 
and the reagent, the time of etching and the concentration of the reagent 
in order to secure the best results. 


| 


Filters. 


filter No.78 or 78A and neutral 


until surtace 1s bright with gh reflectivity. 


power 


Examination and Identification of 


Constituents 8 
«14, (a) The first attempt to identify constituents is made on the un- i 
etched specimen, using color and manner of occurrence as a means of differ- ns 
entiation. Examination at a magnification of 500 diameters using a 4-mm. fe 
objective and a 10 ocular is recommended. 3 

(b) For judging the color it is advisable to employ light approximating af 
daylight. Addition of an Eastman No. 78A filter (which has a bluish tint H 
converts the light of a 5-amp. carbon arc with Eastman neutral tint filter 3; 
to that of approximately daylight. Any white light will give about the Ls 


same results, although the bluish tints aid in the separation of the different 
constituents. 

(c) The schematic diagram shown in Fig. 3 has been proposed oe) 4s 
a guide in the identification of constituents. It is, of course, subject to the 
limitations of any etching procedure, but should prove adequate in the 
majority of cases to determine the alloy type or general composition. Some 
experience is necessary for the satisfactory identification of constituents. 
Such experience is usually gained by a study of standard samples containing 
known constituents. A very interesting series of photomicrographs was 


published @o) in connection with the diagram given in Fig. 3._ 


| 

| 

| | 

| | 
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COPPER AND ITs ALLOYS(s2,59) 


Preparation of Specimens 

15. (a) In the preparation of copper and copper alloy specimens for 
microscopic examination, a plane surface is secured by filing or with an 
emery wheel copiously supplied with water. 


RECOMMENDED PRACTICE FOR METALLOGRAPHIC TESTING 


The specimen is then polished, 


generally in three stages, on wheels rotating at 1000 to 1800 r.p.m. 


TABLE IV.—ETCHING REAGENTS FOR COPPER AND ITs ALLOys. 


Etching Reagent 


Remarks 


No. 1. Ammonium hy- 
droxide - hydrogen per- 


No. 2. Ammonium hy- 
droxide(60,61)........ 


No. 3. Ammonium hy- 


droxide - ammonium 
persulfate(61)......... 


No. 4. Ammonium per- 
No. 5. Chromic acid.... 


No. 6. Chromic acid - hy- 
drochloric acid(53)... . 


No. 7. Chromic acid - ni- 
tric acid(56).......... 


No. 8. Copper ammoni- 
um chloride - ammoni- 
um hydroxide(§2)..... 


No. 9, Ferric 
(52,54,62) 


chloride 


No. 10. Nitric acid (60)... . 


No. 11. Potassium bi- 
chromate(52,53)...... 


No. 12. Electrolytic etch 
(52,56,60,61) 


Composition 

{| NH.OH (sp. gr. 0.88) .| 5 parts 

{| (3 per cent)... 2 to 5 parts 

} Dilute solutions. 
1 part 

(2.5 per 
cent solution)...... 2 parts 

fi(N 10 g. 

90 ml. 

{ Saturated aqueous 

solution (CrOsz). 

{ CrOs3 (10 to 15 percent) | 50 ml. 
1 to 2 drops. 
20 g. 
He 30 ml 

or 
5 ml. 
20 g. 
75 ml 
10 per cent aqueous 
solution of copper 
ammonium chloride 
plus NH.OH to neu- 
tral or alkalinity. 
Parts 
FeCl HCL 
5 50 100 
19 6 100 
5 10 100 
25 25 100 
1 20 100 
8 25 100 
10 1 100 
3 10 100 
Various concentrations.| 

2g. 
(sp. gr. 1.84).. 8 ml. 
NaCl (saturated solu- 

4 ml. 
es 100 ml. 
4g. 
SS 100 ml. 
1900 ml. 


Peroxide content varies di- 
rectly with copper content 
of alloy to be etched. Im- 
mersion or swabbing for 
about 1 min. Fresh H2O2 
is desirable for good re- 
su ts. 


Immersion, 


Immersion. 


Use either cold or boiling. 
Immersion. 


Immersion or swabbing. 


Add HCl at time of use. 
Immersion, 


Immersion. 


Immersion. Wash speci- 
men thoroughly, 


Immersion or swabbing. 

Etch lightly or by successive 
light etches to required 
results. 

Grard’s No. 1. 

Grard’s No. 2. 


Plus 1 part CrOs. 
Plus 1 part CuCle and 0.05 
part SnCle. 


Immersion or swabbing. 


NaCl can be replaced by 1 
drop HC! to 25 ml. 
tion added just before 


using. Immersion. 


Use 0.1 amp. at 8 to 10 v. 
Generally not over 15 sec. 
Do not swab surface after 
etching. 


Generally used for copper 
and many of its alloys 
Film on etched aluminus 
bronze removed by wea 
Grard’s solution. 


Polish-attack etching of 
brass and bronze, 


Polish-attack of copper and 
some alloys. 


Copper, brass, bronze, nickel 
silver, aluminum bronze. 


Copper, brass, bronze, nick 
silver (plain etch). 


Same as reagent No. 5. C 
by electrolytic etching 
FeCls reagents. 


Aluminum bronze; film fr 
polishing removed by | 
per cent HF. 


Best for darkening lar 
areas of in alpha-beta 
brass. Copper, bra 
nickel silver. 


Copper, brass, bronze, a 
minum bronze; darkens beta 
in brass; gives contrast 
following bichromate 
other etches. 


Deep etching, 


Copper, copper alloys 
beryllium, manganese, § 
icon, nickel silver 2 
bronze. Followed 
FeCls or other contrast 
etch. 


Darkens beta in brass, gv 
contrast after etch. 
Nickel silver, bronze 
other alloys. 
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(b) The first wheel is covered with 8 to 12-0z. canvas duck and uses 
FF Turkish emery, No. 500 carborundum, or powdered alundum as an 
abrasive. ‘The second wheel is covered with wool broadcloth and uses 
tripoli as the abrasive (two felt-covered wheels may be used instead; the 
~ first with ‘‘RF” and the second with ‘‘SF 6X” flour emery as abrasives). 
The final wheel has a covering of either fine grade wool or ‘‘kitten’s ear”’ 
broadcloth and employs a water suspension of levigated alumina or 
finely powdered magnesium oxide as an abrasive (chamois has been used 
as a covering for this wheel and jeweler’s rouge as an abrasive). 

(c) All polishing wheels are kept wet during use by a water drip and 
| the specimens, between steps, are kept wet and thoroughly rinsed free of 
ra abrasives. After removal from the final wheel, the specimen may be 
immediately etched or rinsed in alcohol and quickly dried prior to etching. 
In much of the routine preparation of specimens, the final etching is de- 
pended upon to remove many shallow scratches. When rouge is being 
used on the final wheel, it is possible to remove the specimen at a critical 
moment when the polished face becomes clean and dry, and etch directly. 
i (d) Pure copper is more difficult to polish than its alloys, since a 
ie. nearly perfect surface is required in order to detect the presence of cuprous 
eke! oxide in the unetched specimen. 

(e) For macroscopic examination, the specimen may be prepared by 
grinding and rough polishing or by finishing with a fine tool on a shaper. 


Etching Reagents 

16. In Table IV are given the etching reagents commonly recommended 
for copper and its alloys. hs - 
Examination and Identification of 
Constituents 
_ 17. Combinations of etches are frequently employed in the examina- 
; tion of copper alloys in order to secure contrast between several constituents. 
bet For instance, when alpha and beta structures are both present, a ferric 
chloride etch following the ammonium hydroxide - hydrogen peroxide etch 
will darken the beta constituent. Similarly, a beautiful coloration of copper 
and phosphor-bronze can be obtained by following an ammonium hydrox- 
ide - hydrogen peroxide etch with a few seconds of electrolytic etching. In 


etching the copper-beryllium alloys, the specimen is frequently given a 
slight initial etch in potassium bichromate, followed by 10 to 15 sec. in the 


electrolytic solution. 
LEAD AND Its ALLOYS _ 


Preparation of Specimens 


18. (a) The preparation of lead and lead alloy specimens is difficult 
because their softness results in surface flow and cold working which masks 


rast 


ives 


| 
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the true structure. Although it is generally agreed that a surface free of 
cold work is almost impossible to obtain by polishing, this is now neither 
necessary nor particularly advantageous for common leads and alloys with 
but small amounts of other elements in solution, since recent developments 
in etching make the uniform removal of cold worked material possible. 
Alloys containing hard constituents, however, present more difficulty be- 
cause of uneven attack by etching solutions. 

(b) A number of methods for preparing specimens are in regular use; 
the choice for a given specimen generally depending upon the alloy, the size 
and shape of the specimen and, perhaps, the available equipment or the 
operator’s preference. It is always necessary, however, to remove suffi- 
cient metal to eliminate the effects of sawing, shearing, filing or whatever 
means was used in securing the specimen. For the softer alloys, cutting 
or grinding, as described later, will be satisfactory but alloys containing 
hard constituents should be prepared with a microtome or its equivalent. 

(c) Lucas@1), who originated the method, used a Type K Jung micro- 
tome and recommends the rigid wood-sectioning instrument. Schumacher 
and Bouton és), however, used an inexpensive biological microtome. In 
either case, the knife should be properly sharpened and should remove 
shavings not over three microns thick. Lead cable sheathing and other 
specimens are often prepared on a machinist’s lathe, using a sharply 
pointed tool shaped to cut, and not flow, the metal. Cutting speeds and 
feeds should be slow. Still another method is to use a wood plane with a 
very sharp blade and set to remove the thinnest possible shaving. Samples 
to be prepared this way are generally clamped between two pieces of wood 
and the whole mass shaved down together. 

(d) The methods described in Paragraph (c) are intended to produce a 
surface suitable for etching for low and high-power examination without 
further treatment and, when properly done, will produce surprisingly good 
results. A fine microtome surface is especially suitable for very fine work. 
A light etch will then produce a smooth surface. 

(e) Bassett and Snyder es) use a milled file to remove all traces of other 
working (saw marks, etc.) and to secure a flat surface. The surface is then 
ground smooth by hand on lubricated emery paper backed with plate glass. 
Although papers of various degrees of fineness may be used, Nos. 0 and 
000 papers are usually sufficient. A new paper about thirty times the area 
of the surface of solid specimens and eight times the diameter of tube 
specimens should be used each time. Bumps or foreign particles on the 
paper are removed by scraping with a straight edge, while an abundant 
supply of gasoline or a solution of paraffin in kerosine is used as a lubricant. 
Grinding, with the specimen pressed firmly against the paper, is continued 
until the emery is worn smooth and a bright surface, free of prominent 
scratches, is obtained (5 to 7 min. on each paper). ‘The specimen is etched 
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after first wiping it free of gasoline or, if another lubricant was used, clean- 
ing in gasoline and wiping. Such surfaces will usually show sufficient detail 
for examination at the magnifications generally used for lead. If, after 


etching, it appears that further preparation is desirable, grinding about 


5 min. on Fischer No. 0000 emery paper may be helpful. 
(f) Final fine polishing is not common practice with lead specimens 


TABLE V.—ETCHING REAGENTS FOR LEAD AND ITs ALLOYS. 


Etching Reagent 


Composition 


Remarks 


Use 


No. 1. Ammonium 
molybdate(66) 


No. 2. Mixed acids(64)... {| HX 
He 


No. 3. Mixed acids in 
glycerol (65) 


No. 4. Ammonium molyb- } 
date - mixed acids(64).. 


No. 5. Acetic acid-hydro- { 
gen peroxide(67) 


No.5A. Acetic acid-hydro- { 
gen peroxide(31,63).... | 


No. 5B. Acetic acid - 
hydrogen peroxide 


No. 6. Perchloric acid... 


No. 7. Silver nitrate 


No. 8. Nitric acid 


No. 9. Nitric acid(68) 


acid (85 per 
ent, 


Filter and add to 
HNOs (sp. gr. 1.32) 


Glacial acetic acid 
HNOs (cone.).......... 
Glycerol 


See reagents Nos. 1 and 2. 


Glacial acetic acid 
H2O2 (9 per cent) 


Glacial acetic acid 
H202 (30 per cent) 


Glacial acetic acid 
H20» (30 per cent) 


HNO: (cone.). 


100 g. 
140 ml. 
240 ml, 
60 ml. 


3 parts 
4 parts 
16 parts 


1 part 
1 part 
4 parts 


3 parts 
1 part 


2 parts 
1 part 


60 ml. 
40 ml. 


5 to 10g. 


95 to 90 ml. 


50 ml. 
50 ml. 


Alternately swab  speci- 
men and wash in run- 


ning water. 


Use freshly prepared solu- 
tion at 40 to 42 C. (104 
to 108 F.). Immerse 4 
to 30 min. depending on 
depth of worked metal 
layer. Clean with wet 
cotton in running water. 


Use freshly prepared solu- 
tion at 80 C. (176 F’.). 


Swab with reagent No. 1 
until structure is clearly 
visible; immerse in re- 
agent No. 2 for about 6 
min.; clean by swab- 
bing in running water. 


Etch 10 to 30 min. de- 
pending on depth of 
worked metal layer; 
clean in concentrated 
HNOs, if necessary. 


Etch for 6 to 15 sec. 


Etch 8 to 15 sec. by im- 
mersion. 


Electrolytic etching; 
specimen cathode, 
platinum anode. 

Use by swabbing. 

Etch in boiling solution 5 
to 10 min. 


Alternate in acid and run- 
ning water. 


Rapid etch; very suitable 
for removing thick layers 
of worked metal. 


Gives excellent detail for 
photographing. 


Used for — polish- 
ing and etching. 


Combines advantages of 
reagents Nos. 1 and 2. 


Recommended for anti- 
mony alloys up to 2 per 
cent antimony (6). 


For lead-antimony alloys, 


For pure lead and lead- 
calcium alloys. 


Recommended for anti- 
mony alloys over 2 per 
cent antimony (6). 

For anti-friction metals. 

Macroscopic etching; 
welds, laminations, etc, 


Pure lead. 


but Vilellaes) recommends a suitable procedure. 


The specimen is polished 


wet on clean broadcloth liberally smeared with soap and using a water 


| When a black smudge appears, 
polishing should be very carefully continued until it disappears and the 


suspension of the finest levigated alumina. 


surface is again bright. 


Scratches remaining after this operation are some- 


times visible after etching but can be removed by alternately etching and 
polishing by hand on silk velvet well soaked with soap and alumina. 
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Etching Reagents 


galva 
19. (a) In Table V are given etching reagents commonly recom- proce 
mended for lead and its alloys. for d 


(b) Etching of lead is not wholly independent of the method of prepara- only 
tion but, in general, the reagent used to remove thick layers of worked ( 


metal will work universally, while the others may present some difficulties, can | 
_ The proponents of the microtome method of preparing specimens generally aloxi 
depend on a strong etchant to remove the layer of worked metal, although finisk 
they find it occasionally desirable first to swab the specimen with the papel 

- etchant to remove the heavier knife marks. When polishing is employed, disks 

- the specimen is usually alternately polished on a velvet pad and lightly 
etched during the final stages until no further improvement is noted under refer 


the microscope. 
Examination and Identification of 


Constituents 
20. (a) After etching, the specimen must be properly dried to pre- 


serve the bright surface. ‘This is generally accomplished by rinsing quickly ™ 

and carefully in a full stream of running distilled water at or just below No.2. ¢ 
room temperature and quickly drying in a blast of air at or just below room 

temperature; excess liquid on the sides of the specimen may be removed sta 

by placing the surface gently on clean, dry blotting paper for about 5 sec. mee 

Specimens etched in certain reagents are somewhat difficult to dry properly, acid. 

while some of the lead alloys are quite susceptible to tarnish. Warm, Wo. 5. 
humid atmospheres also present extreme difficulty and may require the 
use of an alkali protective films) or examination while the specimen is 

7 submerged in water. — 
(b) Lead may be examined for defects at a magnification of 5 to 15 

diameters, but for fine grain structure should be examined at 50 to 75 roug 

diameters. Photographs at the low magnifications are taken on regular didke 

plates, using either vertical or oblique lighting and, sometimes, a Wratten XF. 

K2 filter; at the higher magnifications panchromatic plates and a Wratten disti 

E (No. 22) filter are recommended. is ac 

(c) Lead-tin alloys are usually examined at 75 to 100 diameters and mois 

lead-antimony alloys at 100 to 200 diameters. Photographs can be taken is pr 

with regular plates and the Wratten K2 filter. Afte 

MAGNESIUM AND ITs ALLOYS(70,71) 

Preparation of Specimens 

21. (a) In general, the preparation of magnesium and magnesium sodit 

alloy specimens is similar to the preparation of aluminum specimens. 1 hr, 

Sulfur is recommended as the mounting material for specimens too smal shak 

to handle unmounted, as it is cheap, light, easy to handle and exerts no see 


| 
4 
7 
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galvanic action on the metal during polishing and etching operations. The 
m- procedure described in Paragraphs (6) and (c) is generally recommended 

for developing the best results with magnesium but is not necessarily the 
only satisfactory method. 
ed (b) As in the preparation of aluminum specimens, a plane surface 
es. can be secured with a microtome; otherwise, grinding successively on 
ly aloxite cloths Nos. 50, 100, and 150 is recommended. The grinding is then 
gh finished by successive use of Nos. 0, 000 and 0000 metallographic emery 


he paper. For convenience, the abrasive cloths or papers may be mounted on 
od, disks rotating at 800 to 1200 r.p.m. 
ly (c) Polishing is carried out in three stages; the first two commonly 
ler referred to as ‘‘rough polishing” and the third as ‘‘fine polishing.” The 
a TABLE VI.—E?TCHING REAGENTS FOR MAGNESIUM AND Its ALLoys. a 
re- Etching Reagent Composition Remarks Use 
| No. 1. Acetic acid 10 per cent aqueous solution. | Swab with cotton for 4 to 2| Macroetching. 
ly min. 
OW No. 2. Oxalie acid 2 per cent aqueous solution, Swabbing for 2 to 5 sec. Cast and wrought magnesium 
vn and most alloys in cast form. 
Pe No. 3. Nitric acid 2 per cent aqueous solution. | Swabbing. To develop coring and for 
U etching some casting alloys. 
No.4, Malic acid - nitric Etch 10 to 30 sec. For wrought alloys. 
acids, 
Mm, 2 per cent aqueous solution. Etch 10 to 20 sec. Yor magnesium-manganese 
h wrought alloys and cast and 
Ne heat-treated magnesium-alu- 
minum-manganese-zinc al- 
Is loys. 
] 5 
, rough polishing is usually done on velvet or “vel-chamee” cloths mounted on 
- disks rotating at 500 to 600 r.p.m. In the first stage the abrasive is usually 
- XF alundum and in the second it is No. 600 alundum; in both, only enough 
- distilled water is used to prevent seizure of the specimen. Fine polishing 
; 's accomplished on a velvet-covered disk rotating at 100 to 400 r.p.m. and 
i with a suspension of speci i ina ( . Seiz 
7 moistened with f ally levigated alumina (Note). Seizure 
= is prevented by using a small amount of filtered liquid soap on the wheel. 
After polishing, the specimen is rinsed in water, then in acetone or alcohol, 
and dried in a blast of warm air. 
Note.—The specially levigated alumina recommended for fine polishing can be easily 
prepared by placing 150 g. of the best commercial levigated alumina and 2 liters of 0.001 N 
11D sodium hydroxide in a 4-liter bottle and agitating (by a stream of compressed air) for 
ns. lhr. Two more liters of the 0.001 N sodium hydroxide are then added and the mixture 
all shaken thoroughly. After standing for 24 hr., the upper 8 in. of supernatant liquor are 
no carefully siphoned off, yielding the solution for fine polishing. The sediment can be re- 


worked several times, yielding additional solution. 


| 
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Etching Reagents 

22. In Table VI are given the etching reagents commonly recom- 
mended for magnesium and its alloys. 
Examination and Identification of _ 

Constituents 

23. (a) As is suggested in the description of etchants (Table VI), 
visual or low power macroexamination is usually made on specimens etched 
for } to 2 min. in a 10 per cent acetic acid solution (reagent No. 1). For 
such examination the polishing need not be as carefully done as is necessary 
for microexamination, where etching is usually done in dilute acids and for 


VII.—Microscopic IDENTIFICATION OF CONSTITUENTS IN SAND-CAsT Maa) 
stum ALLoys. 


Detection Etched 2 to 5 see. in 
Unetched 2 per cent Oxalic Acid 


Element 


Optimum | Approximate 
Condition Minimum, Shape Color 
per cent 


{ Alloys etched : globular® white 


Aluminum in \ Magnesium etched globular white 


Cadmium? in { 


etched globular gr 
\ Magnesium etched network ¢ iridescent 

Iron i unetched globular® globular? black 

unetched rectangular | black rectangular black 


| unetched rounded © dark gray | rounded* dark gray 

M inganese in \ Magnesium unetched . rounded ¢ dark gray | rounded® dark gray 
{ Alloys® etched ud globular gray globular® dark gr: 

Nickel in 

Magnesium etched network gray network* dark gray 


unetched 0: globular gray globular? gray 
Silicon in { unetched j network gray network! black 


(Courtesy: The Dow Chemical Co.) 

4 Cadmium is completely soluble in magnesium and its alloys and forms no microscopically visible constituent. 

b in - + ncaa, alloys the microscopic constituents appear as in pure magnesium. = 

© Outlined. 

4 Partially dissolved. 

¢ Pitted. 

Dissolved. 
short times in order to secure the necessary detail and avoid coring. Al- 
though the etchants shown in Table VI are the ones most commonly en- 
ployed, numerous acids—both organic and inorganic—are equally success- 
ful. In all cases, etched specimens should be rinsed in running water, then 
in acetone or alcohol, and dried in a blast of warm air. 

(b) Table VII outlines a method for identifying metallic constituents 
in sand-cast materials. In the heat-treated or wrought alloys the identil- 
cation differs slightly, chiefly because of the increased solubility of certain 
constituents or to spheroidizing and breaking up of constituents by heat 
treating or plastic deformation. The table indicates the condition (etched 


or unetched) under which the constituent is best identified, the minimum 
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amount which can readily be detected, and the usual appearance. Many 
of the constituents appear in a “globular form” when present in small 
amounts but take a network form when larger amounts are involved. This 
transformation may occur with a change of a few tenths per cent of the 
element, or it may require a change of as much as 10 per cent for 
development. 


NICKEL AND Its ALLOYS 
Preparation of Specimens 


24. The specimen is first ground on a series of abrasive papers of in- 
creasing fineness, such as French Nos. 0, 00, and 000 or carborundum Nos. 
240, 320 and 400, mounted on wheels revolving at 400 to 600 r.pm. A 
final grinding on a paper made by graphiting a sheet of the French No. 000 
or carborundum No. 400 paper is frequently inserted prior to wet polishing 


TABLE VIII.—EtTCHING REAGENTS FOR NICKEL AND ITs ALLOoys. 


Etching Reagent Composition 


HNOs (conc.)........ 
Glacial acetic acid... 


Remarks Use 


50 ml. 


Make up fresh daily; use 
50 ml. 


No, 1. Flat solution(72).... { clear white HNOs to avoid 


Nickel, Monel metal and 


Glacial acetic acid. . . 


5 ml. 


staining; etch by immer- 
sion at room temperature 
for 5 to 20 sec. 


Electrolytic etch for 20 to 60 


other nickel-copper alloys. 
Dilute with 25 to 50 per 
cent acetone for alloys of 
less than 25 per cent nickel, 


Very satisfactory for grain- 


No. 2. Electrolytic contrast 
(72) sec. using 1.5 v. dry cell 


size studies. Stains less 
and platinum wires. 


10 ml. than flat solutions. 


30 ml. 
70 mil. 


No. 3, Nitsic acid Etch by immersion. Macroetch for nickel silver. 


5g. Etch by immersion. 
95 ml. 


few drops. 


85 ml. 
15 ml. 


For low-zine nickel silver. 
No. 4. Potassium cyanide. .. 


No.5. Ammonium hydrox- { 


) Etch by immersion. 
ide - hydrogen peroxide... 


For high-zine nickel silver. 


and, if done, eliminates the one wet polishing operation. When this fine 
paper is omitted, wet polishing is begun with a water suspension of No. 600 
alundum on a broadcloth-covered wheel rotating at 500 to 800 r.p.m. 
This is followed by a few seconds’ polishing with a water suspension of 
levigated alumina (settled at } in. per hr.) on a wheel covered with broad- 
cloth or flat silk crepe. The procedure employing the graphited paper 
and a crepe covering on the final wheel is useful in retaining inclusions and 
largely avoids pitting and surface flow. 
Etching Reagents 

25. (a) In Table VIII are given the etching reagents commonly 
recommended for nickel and its alloys. 

(b) Etched specimens should be thoroughly washed with water and 
alcohol and dried in an air blast. Stains can be removed by wiping with a 
clean, smooth cloth or cotton. 
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Precious METALS 


Preparation of Specimens 
26. (a) Specimens of the precious metals are all prepared i in about 


the same way as the more common metals. 


RECOMMENDED PRACTICE FOR METALLOGRAPHIC TESTING 


A plane surface is first secured 


with a flat, single-cut file, after which the surface is ground successively 


TABLE IX.—ETCHING REAGENTS FOR THE PRECIOUS METALS.?@ 


Etching Reagent 


Composition 


Remarks 


Use 


No. 1. Potassium 
cyanide - ammoni- 
um persulfate? . . 


~ 2. Chromate 


No. 3. Chromic acid 
- sulfuric acid (74). 


No, 4. Electrolytic 
etching(75)....... 


— 


No. 5. Iodine. ...... | 


No. 6. Aqua regia. . 


No. 7. Potassium 
sulfide(77).......... 


No. 8. Fused salts. . { 


No. 9. Nitric acid. ... 


No. 10. Ammonium 
hydroxide - hydro- 
gen peroxide. .... 


B. 


B, 


~ (5 per cent solu- 


on) . 
(NHoe S2Os (5 per cent 


RC a (10 per cent solu- 


on) 
(HNos S20 (10 per cent 
solution)............ 


(20 per cent 


Aqueous solution, 0.2 per 


A. 


cent each HeCr 
HSO« 


1 per cent solution of 
HF plus small amount of 
stannous chloride. 


and 


B. Dilute solutions of HCl, 


KCN or KCN+KI(76). 


50 per cent solution of 


A, 


U.S.P. tincture of iodine 
in aqueous KI solution. 


Slightly dilute. 


B. Concentrated, 


C. 


In 


KOH+10 per cent KNO; 


or KHSO,. 


Concentrated. 


1 part 
1 part 


1 part 
1 part 


1 part 
1 part 
100 ml. 
20 g. 
100 ml. 


5 parts 


ona 1 to 3 parts 


A, Etch 1 to 2 min. 


B. Addition of 2 per cent 
KI will produce more rapid 
attack. Etch 5 to3 min. 
Make up fresh each time. 


C. 3 per cent KI may be 
added, 


Dilute A to 20 vol., add 
equal amount of B. Apply 
with camel’s hair brush. 
Non-adherent film of red, 
silver chromate should 
form. If film adheres, 
add more of A; if none 
forms, add B, 


Etch 1 min. 


Film of silver-iodide may 
remain on surface of gold- 
silver alloys; can be re- 
moved with KCN solu- 
tion, 


A, Etch 5 min. 
solution. 


B. Use hot. 


C. Use cold. _ 


Use hot. 
Etch in fused salt. 


in warm 


Use hot. 


Immersion. 


A, Pure silver, 
B. Gold. 


C. Aslow etch for palladium 
or the complicated denta 
alloys. 


Used for silver alloys. 


Silver alloys. 


(A) Used for silver-tin alloys 
with over 73 per cent 
silver. 


(B) Occasionally used for 
gold. 


Gold alloys. 


A, Pure platinum. 


B. Platinum alloys. Als 

used for gold alloys but 

wit form chloride film 

when much silver is pee 

ent. Ammonia or KCN 
will remove film. 


C. Palladium alloys. 


Gold-nickel alloys. 


Used for platinum if aqua 
regia is ineffective. 


Palladium. 


For silver or silver-pallad 
alloys. 


® See also (78, 


79). 
+ Developed for a somewhat different purpose by M. C. Jewett. 
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Hubert paper (previously smoothed by rubbing with a bit of hardened 
ut steel). 
ed (b) The specimen is then polished on a felt wheel using No. 600 alun- 
Jy § dum and kept well moistened. The final polish is secured with a velvet or 
velveteen wheel using finely divided magnesia (as a water paste) or levi- 
gated alumina (settled at the rate of } in. per hour). When magnesia is 
used, the usual precautions to avoid carbonate formation must be followed. 


Etching Reagents 


27. In ‘Table IX are given the etching reagents commonly recommended | 
. 
for the precious metals. : 


Trin AND Its ALLoys 
Preparation of Specimens 7 

28. (a) These metals are in a class with lead and its alloys and may 
advantageously be prepared similarly. ‘Tin and its softer alloys may be 
prepared by microtoming but the harder alloys may require one or two 
polishing steps before etching. Alternate polishing and etching is fre- 
quently desirable. 

(b) Specimens may be smoothed on a lathe with a tool having a sharp, 
smooth cutting edge and large clearance, followed by polishing on Manning 
emery papers from Nos. 0 to 000, lubricated with paraffin dissolved in 
kerosine. After the operation is completed on each paper, the specimen 
may be etched with HCl (10 to 20 per cent), or other solution as required, 
for a short time to remove any metal that may have been flowed on the 
polished surface. ‘The specimen is then polished on a broadcloth-covered 
wheel, using a solution of soap and levigated alundum grain. ‘The speci- 
men is then again etched and finally polished on a second wheel covered 
with high-grade silk velvet using the same polishing medium as for the 
broadcloth. Alternate polishing and etching will be required to bring out 
the structure satisfactorily 65). 

(c) A solution of paraffin and kerosine may be prepared by dissolving 
100 g. of paraffin and 200 ml. of warm kerosine. The solution of soap and 
levigated alundum grain may be prepared as follows: 5 g. of alundum 
grain (Norton size No. 600 grain) added to 300 ml. of water. After thorough 
agitation, the mixture is permitted to stand for 15 min., whereupon the 
supernatant suspension is decanted. ‘To this decanted suspension, 40 g. of 
soap are added and the mixture heated until the soap is dissolved. Both 
mixtures are nearly solid at room temperature, so that it is necessary to use 
them warm. ‘To remove the paraffin before etching, the samples are washed 
— in warm kerosine and the kerosine is removed by washing the specimen 


BEE 
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_ with soap and water. The soap film may be dried on or removed in a these 


strong stream of warm water st). sawed 


an 
1, 0, ¢ 
carrie 
scratc 


showr 
Etching Reagent Composition Remarks Use after 


29. In Table X are given the etching reagents commonly recom- 
mended for tin and its alloys. 


TABLE X.—ETCHING REAGENTS FOR TIN AND ITs ALLoys. 


; 2 to 5 ml. Swab or immerse for several | Tin-cadmium oor tin-iron of the 
No, 1. Nital 95 to 98 ml. | minutes. alloys. 


have 
No. 2. Potassium Tin-cadmium alloys, . 
dichromate is no 


. Immerse 3 to 10 min. at 38 | A. Tin-lead alloys. amou. 

Acetic acid. to 42 C. 

No, 3. Mixed acids in Glycerol... howe’ 
glycerol (67) . HNOs 1 Same as for A, above. B. Pure tin. 


Acetic acid i 
= ac graine 


jlycerol 
exce 
- HCI (cone.). A. Immerse for several A. To remove surface flow. -? 
seconds, ( | 


10 to 20 ml. | B. Immerse } to 5 min. B. Follows A, — from 
90 to 80 ml. following A. 


C. Electrolytic etch at low | C. Tin-iron alloys. 
current density. meth 


Immerse 3 to 5 min. at room | Microetching tin-rich babbit able f 


polis 


Alcoholic solution. Tin-iron alloys. The < 
No. 7. Ammonium(80) 


feasit 
‘ : Immerse 20 to 30 min. at | Macroetching of tin-rich bab 
polysulfide Concentrated solutions. room temperature. bit metals. Palm 


Solutions of silver nitrate or 10 per cent nitric acid plus 5 per cent chromic acid are also occasionally used. 


ZINC AND ITs ALLOys 
Preparation of Specimens 


30. (a) There are two facts which must be kept in mind when prepar- 
ing zinc specimens, particularly the purer grades of zinc. (1) Mechanical 
twins are readily formed, especially in coarse-grained zinc. ‘These may be 
formed during the polishing operation and care must be taken to remove 4 
sufficient depth of metal in subsequent operations to cut beneath the dis- 
torted layer. (2) The recrystallization temperature of commercial zinc 
may range from 100 C. (212 F.) to as low as room temperature for the 
purest zinc. Care is, therefore, needed to avoid unduly heating the sped- 
men during grinding or polishing operations. 

(b) After mounting, the specimen is ground on a belt sanding machine, 
using successively belts of about the following grades: Nos. 30, 50, 120 
and 320. It is advisable to dip the specimens in water occasionally to avoid 
heating. At least ,; in. of the surface of the section should be removed in 
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these four operations so that the distortion produced at the sheared or 
sawed edges of the specimen may be removed. If the sanding machine is 
not available, a mill file may be substituted. 

(c) Dry polishing is carried out on four grades of emery paper, Nos. 
1,0, 00, 000, resting on plate glass. Each succeeding operation should be 
carried out at an angle to the preceding operation. Merely removing the 
sratches from the preceding operation is not sufficient; experiments have 
shown that polishing distortion (as shown by the presence of twin bands 
after etching) may be found to depths of at least twenty times the depth 
of the deepest scratch in some cases. Therefore, when all preceding scratches 
have been removed, polishing should be continued for a time. Since there 
isno method of judging the depth of distortion for a given specimen, the 
amount of polishing must be gaged largely by experience. It may be said, 
however, that coarse-grained pure zinc is most easily distorted while fine- 
grained material, particularly alloys, will give little trouble from this source 
except possibly in the final stages of polishing. 

(d) Wet polishing is carried out on four cloth-covered wheels, rotating 
from 200 to 400 r.p.m. ‘The first two are covered with white duck, the last 
two with broadcloth or billiard cloth. Roddaqa) has described a suitable 
method for preparing abrasives for use on the four wheels, but those suit- 
able for aluminum and magnesium can be used. Care is also needed in wet 
polishing to remove the distortion produced by the preceding operation. 
The amount of metal removed during wet polishing is slight and it is more 
feasible to remove the bulk of the distorted metal by etching with the 
Palmerton reagent. ‘The following schedule is recommended: 

Etch 3} min. 
Polish on No. 1 wheel 
Etch 1} min. 
Polish on No. 2 wheel 
Etch 30 sec. 
Polish on No. 3 wheel 
Etch 10 sec. 


Polish on No. 4 wheel 
7 Etch 3 sec. 


(e) The etching schedule may be varied somewhat depending upon 
the specimen and the purpose of the examination. For examination at low 
magnification polishing may generally be stopped at the third wheel. When 
the oil immersion objective is to be used, the etching time after the fourth 
wheel should generally be reduced to 1 sec., particularly if there are con- 
stituents present which are unattacked by the etching reagent. Otherwise, 
the difference in elevation between etched and unetched constituents will 
make it impossible to bring both into focus at one time. When polishing 
specimens containing constituents of widely varying hardness and etching 
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characteristics, such as galvanized iron or plated zinc, alternate polish. J pract 
ing and etching is not advisable as the etched structure is not completely § jon: 
removed during the subsequent polishing due to the nap of the cloth. the s 

(f) Care must be taken to avoid carrying coarse abrasive to a finer J grain 
wheel. The best means of avoiding this is to wash both hands and speci- ( 
men with soap and water between polishing operations on the wheels, 
Dragging out of inclusions or cavities may be minimized by occasionally 
rotating the specimen 180 deg. or even by continuously ee the 


vertic 
vertic 
illum: 


specimen. const 

. (a) In Table XI are given the etching reagents commonly esa 
Paina for zinc and its alloys. aid it 


meta 
TABLE XI.—ETCHING REAGENTS FOR ZINC AND ITs ALLoys. has f 


Etching Reagent Composition Remarks Use Prese 


Ne. 1. Palmerte Cc rs (99.95 cent).....] 200 g. Immersion with gentle agita-| General. (Reduce NasS(, 
83 15 tion. Follow with rinse to7.5 g.when using solutio h 
we) 1000 ml. | in solution of: to develop grain structure thor¢ 
CrO3 200 g. in alloys containing 
H2O0 = 1000 ml. copper.) trans 


No. 2. Hydrochloric Cl.. 5 ml. Immersion for 2 to 3 sec. Contrast between die cast- light 
oi E thyl alcohol. . ...| 95 ml. ing and plated coatings. mens 


HCI (conce.) Macrostructure of pure zine. fully 


micrc 
and ¢ 


(b) The Palmerton reagent is the most widely used etching solution ion 


for zinc alloys; it is followed by the rinse in the chromic acid solutien t 
avoid staining. 
Examination and Identification of 
Constituents 
32. After polishing is completed, the finger dip dipped i in alcohol is rubbe! 
lightly over the surface of the specimen to remove any slight film of abrasive 
The specimen is then rinsed successively in alcohol, ether, alcohol, and 
water, the excess water shaken off and immersed in the etching solution. 
After etching, the specimen is thoroughly rinsed successively in water, 
alcohol, and ether and dried in a blast of warm air. Nothing should touch 
the etched surface as it is sometimes delicate and easily scratched. To avoid 
tarnishing, specimens should be kept in a desiccator until seeanal 
MICROSCOPY AND PHOTOGRAPHY 
Microscopy and Photography 
33. (a) Recommendations governing the preparation of micrographs 
and photographic practice are given in the Standard Rules Governing the 
Preparation of Micrographs of Metals and Alloys, Including Recommended 


| 
| 
| 
an, 
T 
be 
— 
| 
7 No. 3. Hydrochloric } 
2) H. 
O. 
(4) H. 
R 
M 
(8) G 
é ; 


A.S.T.M. DESIGNATION: E3-35 T 
ish- J Practice for Photography as Applied to Metallography (A.S.T.M. Designa- 
ely § tion: E 2) of the American Society for Testing Materials.! These deal with 
the standard magnifications, lens combinations, methods of determining 
net § size, illumination, and photographic materials. 
eci- (b) Illumination.—Lord(a) has given a good account of the use of 
els. §f vertical illumination in low-power photography. For microscopic work 
ally § vertical illumination is customary and preferable, although ‘‘conical” 
the § jlluminationes) and dark field illumination (in which the ordinarily darker 
constituents, like inclusions, appear lighter against a darker background) 
may be useful for special purposes. Polarized light has been used in the 
aly examination of non-ferrous alloys;se,s7,s8) and in one instance at least to 
aid in revealing the structure of steel(s7). It can be used in studying non- 
metallic inclusions. Ultra-violet radiation has been triedo,1), but thus far 
has found very limited use. 


Preservation of Surface 


34. To preserve the surface of deeply etched specimens, they should be 
thoroughly washed to remove all traces of acid, dried, and painted with 
transparent metal lacquer or rubbed in with oil or soap solution. If a 
1 cat light repolishing prior to later examination is not objectionable, the speci- 
= mens of many non-ferrous alloys need not be protected but should be care- 
ie fully washed and dried. Toucedaisz) recommends wrapping samples for 
— microscopic examination in cellophane tubes to preserve them. A simple 
and effective procedure is to wrap them in ordinary writing paper and keep 


them in a dry place. 7 . 
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Scope 
1. This method* may be applied to any high grade of lead, provided 
the impurities, namely, copper, silver, bismuth and nickel are not present 
in quantities over 0.1 per cent. Iron is seldom found and then it is a ques- 
tion whether it was originally in the sample. An arc spectrum is used, 
employing graphite electrodes, one of which is treated with a solution of 
the sample to be analyzed. Quantitative estimations are made by the 
comparison of the spectrum of the sample with the spectra of standard 
samples of known composition, = 


Preparation of Sample Solution 

2. A 20-g. portion of turnings, or filings, from a representative sample 
of the pig lead to be analyzed shall be weighed and then dissolved in a 
solution of 20 ml. of nitric acid and 80 ml. of distilled water. The solution 
shall be gently warmed until a perfectly clear solution results. After the 
sample has gone completely into solution, sufficient distilled water shal 
be added to bring the volume to exactly 100 ml. at room temperature, 
and the solution transferred to a small glass-stoppered bottle. Each 
0.1 ml. of this solution will contain 0.02 g. of sample. This procedure 
shall be repeated, thus making available duplicate sample solutions. 


Preliminary Estimation 

3. (a) Fifty milligrams of filings of the lead sample shall be introduced 
into a recessed graphite electrode (Note 1). This electrode shall be made 
the lower and positive member of a pair of electrodes, between which an 
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dectric arc shall be created by applying a potential of 60 to 70 v. with a 
direct current of 15 amp. The spectrum of the arc shall be recorded 
(Note 2) by means of a spectrograph from the moment the arc is struck 
until the arc has burned for 3 min. ‘The plate thus obtained shall be 
referred to as the preliminary plate. 

(b) The preliminary plate shall be compared with a standard plate on 
which are recorded the spectra of filings of a metal of known impurity con- 
tent. By visual comparison of the blackness of the spectral lines (Note 4) 
| of the impurities in the spectrum of the sample with the corresponding 


lines in the standard spectra, the approximate impurity content of the 
sample shall be ascertained. 
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Final Estimation 

4. (a) The final estimation of the impurity content shall be made by 
comparison of spectral exposures of a solution of the sample (Section 2) 
with spectral exposures of standard solutions (Note 3), all of which are 
photographed on one plate. By using alternate standard and sample 
solutions, with the standards selected having graded impurity contents, 
a very close estimation of the impurity content may be obtained. A 
typical procedure will be as follows: Three standard solutions shall be 
selected; that is, a high, a medium and a low standard, respectively. The 
standards to be selected will be indicated from the preliminary estimation 
of the composition of the sample (Section 3). A 0.1 ml. of each standard 
solution shall be introduced individually into recessed electrodes, one 
electrode for each solution. ‘Two 0.1-ml. portions of one of: the sample 
solutions shall be introduced individually into recessed electrodes. The 
electrodes shall be dried in an oven at 200 F. (93 C.) for about 30 min. 

(b) Two spectral plates* shall be prepared each having five 3-min. 
exposures (excitation of spectra described under Section 3 (a)) in the 
following order: 


Third spectral exposure Medium standard 
Fourth spectral exposure Sample 


Fifth spectral exposure High standard 


* The ten exposures may be recorded on one plate rather than two plates of five exposures each. 


The plate shall be adjusted for each exposure so that the spectral exposures 
are in juxtaposition, for ease of comparison with one another. 

(c) From the finished plates, the impurity content shall be estimated 
on the basis of a visual comparison of the difference in blackness between 
the various characteristic spectral lines photographed in the five exposures 
as outlined above. Two observers should independently evaluate the 
plates and their estimations should check. 
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(d) If the four impurities are within the limits of the high and loy 
standards used, all four impurities may be determined from the same 
plates. If, however, this cannot be done, it will be necessary to repeat the 
spectrography! for the impurities not covered by the above plates, using 
standards suitable for the undetermined impurities. 


nd { 

TESTING FOR COMPLIANCE WITH SPECIFICATIONS _ ra 
5. Frequently, the object of the spectrographic inspection is merely 

to determine whether the impurity contents are more than certain specified J tion 

amounts, as in the case of specification requirements on the composition, § of th 

For this purpose the analytical procedure described in Sections 2 to 4 may ab 


be considerably simplified. The procedure described in Section 6 was de- 
veloped so as to include the testing of a number of samples on one spectral on 
plate. hot ¢ 
Procedure 

6. (a) Standard Solution——One standard solution containing the § pref 
maximum impurity contents allowed by the specifications shall be pre- § is be 
pared to a concentration of 0.2 g. of metal per milliliter of dilute nitric acd J 
(20 per cent nitric acid by volume). Stock 

(b) Sample Solution—Duplicate solutions of each sample shall be Ms 
prepared as described in Section 2. At 

(c) Preparation of Spectra.—Electrodes containing sample or standard 7 
solutions shall be prepared according to the procedure described in Sec- : 
tion 4 (a) and their spectra shall be photographed according to the methoi J p,. 


given in Section 3 (a). The following order of spectral exposures shall be J gye, 
used, the several samples to be tested being distinguished by numbers: 


ence No. 1 sample amo 
Ninth spectral exposure. ..... NO. 6 Sample 
dilu 
(d) A second or duplicate plate shall be made in the same manner, evay 


_ using the duplicate sample solutions. 

(e) By visual comparison of the blackness of the spectral lines (Note+ 
of the impurities of the standard spectra with the corresponding lines of the 
spectra of the sample, a determination may be made as to whether tht solu 
composition of the sample is within the limits set by the specifications. 


1 It is not the intent of this method to limit to three the number of standards whose spectra are records 
on one plate. If it is necessary to use more than three standards for the analysis of one sample, the spec“ 4 
of more than three may be photographed on one plate. The essential requirements are that the stance — 
spectra be alternated with spectra of the sample and that at least two sample spectra be recorded from e& 


sample solution. 
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EXPLANATORY NOTES 
t = Note 1: Electrodes.—The electrodes shall be prepared from high-purity graphite 
- rods, ;-in. diameter being recommended (found by test to be free from copper, bismuth, 
using # iver and nickel). The electrodes which are to contain the sample shall be cut into 
lengths and recessed at one end by drilling an axial hole about 0.15 in. in diameter 
(.25 in. in depth. Prior to use the electrodes shall be burned in a 10-amp. arc 
bout 2 min., by which treatment any impurities with which the electrodes may 
» been contaminated in the handling are volatilized. 
ierely Note 2: Spectrography.—The spectrograph shall have quartz optics or a diffrac- 
-cified tion grating of sufficient resolving power and dispersion to separate clearly the lines 
sition. f the constituents to be determined from the lines of other elements present in the 
| may pectrum of thesample. In illuminating the slit of the spectrograph with the light 7 
“ Md rom the arc, a quartz condensing lens (or lenses) shall be used in such a manner that 
‘ the images of the electrode tips are sharply defined, one above, the other below, the 
ectral pen portion of the slit, in order to exclude the intense continuous spectrum of the 
t carbon electrodes from the spectrograph. Adjustment of the distance between the 
electrodes shall be made, from time to time, in order to compensate for the burning 
sway of the electrode tips. The same portion of the slit shall be used throughout, 
y the preferably the central portion. A moderately slow, fine-grained photographic plate 
2 pre: is best suited for this method. Eastman 33 plate is an example of this type of plate. 
¢ acid The following developer formula is suggested: 
Stock Solution A: Stock Solution B: 
0.0000 42g. Anhydrous sodium carbonate. 150 g. 
Anhydrous sodium sulfite.... 85 g. 
ndard Potassium bromide.......... 3 g. ; 
ethod For use take 100 ml. of Solution A, 80 ml. of Solution B and 420 ml. of water. 


Develop 43 min. at 70 F. (21 C.). After development, the plate shall be washed, 
all be fixed and dried. 
Note 3: Standard Solutions.—Nitric acid solutions of pure lead, with known 
amounts of added impurities shall be used for standard solutions. A uniform con- 
centration of 0.20 g. of metal per milliliter shall be maintained. 
The preparation of such solutions shall be as follows: 


Solution A (Lead Stock Solution).—300 g. of pure lead! shall be dissolved in 285 ml. 
tric acid (sp. gr. 1.42) and 1200 ml. of distilled water. After the sample has been 
solved, the solution shall be allowed to cool and the volume shall be adjusted to 1500 
This solution will contain 0.2 g. of lead in each milliliter. 
, Solution No. 1 for Copper.—0.64 g. of copper shall be dissolved in the least amount of 
lute nitric acid (50 per cent nitric acid by volume) and the resulting solution shall be 
anner, evaporated to a small volume of about 2 ml. 
__ 19.36 g. of pure lead shall be placed in a 200-ml. flask and dissolved in 18 ml. of nitric 
acid (sp. gr. 1.42) and 75 ml. of distilled water. 


ote 4 ‘ The two solutions shall be combined and the volume of the resulting solution shall be 
of the adjusted to 100 ml. at room temperature. - 

b Solutions No. 2 for Bismuth, No. 3 for Silver and No. 4 for Nickel.—Three additional 
er the solutions shall be made in an identical manner to Solution No. 1 except that the copper 
s. shall be replaced by bismuth, silver and nickel, respectively. 

Solution B.—40 ml. of Solution No. 1, 16 ml. of Solution No. 2, 8 ml. of Solution No. 3 
recorde! and 8 ml. of Solution No. 4 shall be combined and to the resulting solution shall be acded 
oerasl od Sufficient quantity of Solution A to make 200 ml. of solution. ‘This solution (Solution 
rom 


} The lead shall not contain any impurity in an amount which will significantly alter the blackness of the 
'ral lines of copper, bismuth, silver and nickel. The contents of copper, bismuth and silver should be 


i per cent each and the nickel content, less than 0.0002 per cent. - yf 


— 
- 


1356 MerTHop or SPECTROCHEMICAL ANALYSIS OF Pic LEAD 


B) will contain 0.64 per cent copper, 0.256 per cent bismuth, 0.128 per cent silver and 


0.128 per cent nickel. 


Solution C.—Solution C shall be obtained by using 100 ml. of Solution B and 100 m! 
of Solution A and thoroughly mixing to insure a uniform solution. This solution yjj 
contain 0.32 per cent of copper, 0.128 per cent of bismuth, 0.064 per cent of silver and 


0.064 per cent of nickel. ; 
The succeeding lower standards shall be made in the same manner and may be 
tinued to any desired low limit or to the vanishing point: 


Copper, BISMUTH, SILVER, NICKEL, 
STANDARD SOLUTIONS PERCENT PERCENT PERCENT PER CENT 


Other combinations, with varying percentages of impurities can easily be prepar 
to suit particular problems. 

Norte 4: Spectral Lines.—The lines used in evaluating the plate shall not 
too black, since the very black lines do not show much change in appearance ¥ 
change in concentration of the corresponding element. 


The following table lists suitable lines for the estimation of copper, bismut! 


silver and nickel in pig lead, together with an indication of the approximate rang 
concentration in which the line is useful: 


WAVE LENGTH IN 


INTERNATIONAL RANGE OF CONCENTRAT 
ANGSTROMS OF IN WHICH LINE Is UsErFt 
ELEMENTS TO BE DETERMINED SUITABLE LINES PER CENT 
2492.15 


.39 


0.04 to 0.0001 
0.256 to 0.02 


0.02 to 0.001 
0.128 to 0.0001 
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LEAD, IRON AND CADMIUM! 
A.S.T.M. Designation: E 26-35 T 
This is a Tentative Standard and under the Regulations of the Society is subject to 
nnual revision. Suggestions for revision should be addressed to the Headquarters of the 


Society, 260 S. Broad St., Philadelphia, Pa. ; 
IssuED, 1935.2 


Scope 

1. This method? may be applied to any grade of zinc providing the 
lead, iron and cadmium contents are less than 0.1 per cent. An arc spectrum 
is used, employing graphite electrodes, one of which is treated with a solu- 
tion of the sample to be analyzed. Quantitative estimations are made by 
the comparison of the spectrum of the sample being analyzed with the 
spectra of standard samples of known composition. _ ee 


Preparation of Sample Solution 

2. A 20-g. portion of a representative sample of the zinc to be analyzed 
shall be weighed, placed in a 250-ml. beaker and dissolved in hydrochloric 
acid (Note 1). If the volume of the solution is greater than 35 ml., it 
shall be evaporated to approximately 35 ml., cooled, transferred to a 50- 
ml. graduate, distilled water added to bring the volume to 40 ml. and the 
solution transferred to a small glass-stoppered bottle. This procedure 
shall be repeated, thus making available duplicate sample solutions. 


Preparation of Electrode 

3. A 0.1 ml. of one of the sample solutions shall be introduced into a 
recessed graphite electrode (Note 2). Directly after the introduction of 
the solution, the electrode shall be dried in an oven at 200 F. (93 C.) for 


bout 30 min. 


Preliminary Estimation 

4. (a) The electrode containing the sample solution shall be made 
the lower and positive member of a pair of electrodes between which an 


Pe Under the standardization procedure of the Society, this method is under the jurisdiction of the A.S.T.M. 
mittee E-2 on Spectrographic Analysis. 
| Accepted for publication as tentative by Committee E-10 on Standards, October 7, 1935. foro 
“Ou The procedure is based upon the technique of spectrographic analysis as described by C. C. Nitchie, 
Wie twa with the Spectrograph,” Industrial and Engineering Chemistry, Analytical Edition, 
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electric arc shall be created by applying a potential of 80 to 100 vy. with 
a direct current of 10 amp. ‘The spectrum of the arc shall be recorded 
(Note 3) by means of a spectrograph from the moment the arc is struck 
until the arc has burned for 2 min. ‘The plate thus obtained shal! be 
referred to as the preliminary plate. 

(b) The preliminary plate shall be compared with a standard plate 
(Note 4) on which are recorded the spectra of the standard solutions 
(Note 5). By visual comparison of the blackness of the spectral lines 
(Note 6) of lead, iron and cadmium in the spectrum of the sample with th 
corresponding lines in the standard spectra, the approximate impurit; 
content of the sample shall be ascertained. 


Final Estimation 

5. (a) The final estimation of the impurity content shall be made on 
the basis of plates on each of which are photographed two spectral exposures 
of the sample and three standard spectral exposures. Beginning with on 
impurity, for example, lead, three standards of various lead contents, a 
high, a medium and a low content, respectively, shall be selected. Thi 
medium standard shall be that which is nearest to the lead content of th 
sample as estimated from the preliminary plate (Section 4). Six recessed 
electrodes (Note 2) shall be treated (Section 3) with 0.1-ml. portions each 
of the standard solutions, preparing two electrodes for each of the three 
standards. Four electrodes shall be treated with 0.1 ml. each of the sample 
solutions, preparing two electrodes from the one sample solution and two 
from the duplicate sample solution. ‘The electrodes shall be dried in an 
oven at 200 F. (93 C.) for about 30 min. 

(b) Two spectral plates* shall be prepared cach having five 2-min 
exposures (Section 4 (a)) in the following order: 


® The ten exposures may be recorded on one plate rather than two plates of five exposures each. 


The plate shall be adjusted for each exposure so that the spectral 
exposures are in juxtaposition, for ease of comparison with one another. 

(c) From the finished plates, the lead content shall be estimated on 
the basis of a visual comparison of the difference in blackness between the 
lead lines in the spectrum of the sample and in the adjacent standard 
spectra. Two observers should independently evaluate the plates and the 
average of the estimations shall be considered as the lead content (Note 7) 
of the sample. 

(d) If the iron and cadmium contents of the sample are within the 
limits set by the high and low standards used for the lead determination, 
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the iron and cadmium may be determined with the same plates from which 
the lead was determined. If, however, this cannot be done, it will be 
necessary to repeat the spectrography! carried out for the lead determina- 
tion using standards suitable for the iron and cadmium contents. 


TESTING FOR COMPLIANCE WITH SPECIFICATIONS a 


6. F requently, the object of the spectrographic inspection is merely 
to determine whether the lead, iron and cadmium contents are less than 
certain amounts, as in the case of specification requirements on the com- 
position. For this purpose the analytical procedure described in Sec- 


tions 2 to 5 may be considerably simplified. —. | 
Procedure 


7. (a) Standard Solution—One standard solution containing the 
maximum impurity contents allowed by the specifications shall be pre- 
pared to a concentration of 0.5 g. of metal per milliliter of hydrochloric 
acid solution. 

(b) Sample Solutions—Duplicate solutions of the sample shall be 
prepared as described in Section 2. 

(c) Preparation of Electrodes.—According to the method described in 
Section 3, the following electrodes shall be prepared: Four electrodes 
treated with the standard solution, two electrodes treated with the one 
sample solution and two electrodes treated with the duplicate sample 
solution. 

(d) Preparation of Spectra.Two spectral plates* shall be prepared 
each having four 2-min. exposures (Section 4 (a)) in the following order: 


* The eight exposures may be recorded on one plate rather than on two plates of four exposures each. 


(e) By visual comparison of the blackness of the lead, iron and cad- 
mium lines (Note 6) of the standard spectra with the corresponding lines 7" 
of the spectra of the samples, a determination may be made as to whether 
the composition of the sample is within the limits set by the specifications = 


IcXPLANATORY NOTES 


Note 1: Acid and Distilled Water —The acid and distilled water shall be free 
‘rom lead, iron and cadmium. The c.p. grade of acid may contain sufficient iron to 


op ‘Tt is not the intent of this method to limit to three the number of standards whose spectra are recorded 

none plate. If it is necessary to use more than three standards for the analysis of one sample, the spectra 

sent ore than three may be photographed on one plate. The essential requirements are that the standard 

maple eicuternated with spectra of the sample and that at least two sample spectra be recorded from each 
mpl 
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introduce a significant error in the iron determination. In this event an iron-free 
acid of sufficient strength may be obtained by distilling the concentrated c.p. grade 
of hydrochloric acid, the distillate being absorbed in distilled water. 

Note 2: Electrodes.—The electrodes shall be prepared from high-purity graphite 
rods, ;s-in. diameter being recommended (found by test to be free from iron, lead 
and cadmium). ‘The electrodes which are to contain the sample shall be cut into 
2-in. lengths and recessed at one end by drilling an axial hole about 0.15 in. in diameter 
and 0.25 in. in depth. Prior to use the electrodes shall be burned in a 10-amp. arc 
for about 2 min., by which treatment any impurities with which the electrodes may 
have been contaminated in the handling are volatilized. 

Note 3: Spectrography.—The spectrograph shall have quartz optics or a diffrac. 
tion grating of sufficient resolving power and dispersion to separate clearly the lines of 
the constituents to be determined from the lines of other elements present in the 
spectrum of the sample. In illuminating the slit of the spectrograph with the light 
from the arc, a quartz condensing lens (or lenses) shall be used in such a manner that 
the images of the electrode tips are sharply defined, one above, the other below, th 
open portion of the slit, in order to exclude the intense continuous spectrum of the 
hot carbon electrodes from the spectrograph. Adjustment of the distance between the 
electrodes shall be made, from time to time, in order to compensate for the burning 
away of the electrode tips. The same portion of the slit shall be used throughout, 
preferably the central portion. A moderately slow, fine-grained photographic plate 
is best suited for this method. Eastman 33 plate is an example of this type of plate. 
The following developer formula is suggested: 


Stock Solution A: ° Stock Solution B: 
Bydroquwinone. 42 g. Anhydrous sodium carbonate... 150g. 
Anhydrous sodium sulfite.... 85g. 
Potassium bromide.......... 3g. 


For use take 100 ml. of Solution A, 80 ml. of Solution B and 420 ml. of water. 
Develop 4} min. at 70 F. (21 C.). After development, the plate shall be washed, 
fixed and dried. 

Note 4: Standard Plate-——A standard plate, on which are recorded the spectra 
of a series of standard solutions, shall be kept on hand for the purpose of the pre- 
liminary estimation (Section 4). 

Note 5: Standard Solutions.—Standard solutions shall be prepared as hydrv- 
chloric acid solutions of pure zinc with added lead, iron and cadmium in known rati 
to the zinc. A uniform concentration of 0.50 g. of metal per milliliter shall be main- 
tained. The standard solutions shall be prepared as follows: 


Solution A (Zine Stock Solution).—Pure zinc stock solution shall be prepared by dis- 
solving in hydrochloric acid 100 g. of pure zinc, free from iron, lead and cadmium; the 
volume shall be adjusted to 200 ml. P 

Solution B (0.1 per cent Lead, 0.1 per cent Iron, 0.1 per cent Cadmium).—99.7 g. © 
pure zinc, 0.1 g. c.p. lead, 0.1 g. c.p. iron and 0.1 g. c.p. cadmium shall be dissolved in hydro- 
chloric acid. The volume shall be adjusted to 200 ml. This is the starting or high standar¢ 
solution corresponding to a zinc containing 0.1 per cent each of lead, iron and cadmium 
From this solution the next lower standard shall be made by dilution with pure zinc stock 
solution as follows: 

Solution C (0.05 per cent Lead, 0.05 per cent Iron, 0.05 per cent Cadmium).—To 10m. 
of Solution B shall be added 10 ml. of Solution A. This makes 20 ml. of a standard solution 
corresponding to a zinc containing 0.05 per cent each of lead, iron and cadmium. 

Solution D (0.025 per cent Lead, 0.025 per cent Iron, 0.025 per cent Cadmium).—To |! 
ml. of Solution C shall be added 10 ml. of Solution A. This makes 20 ml. of a standard 
solution corresponding to a zinc containing 0.025 per cent each of lead, iron and cadmium. 
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Lower Standards.—The lower standards, 0.013, 0.0063, 0.0031, 0.0016, 0.0008, 0.0004, 
0.0002, 0.0001, 0.00005 per cent, shall be made similarly by the process of successive 


free dilutions outlined for Solutions Cand D. The larger volume of Solution B, which remains, 
grade may be stored in a sealed bottle for the replenishment of the supply of lower standards as 
required. 
phite The limits of detection and quantitative estimation are approximately 0.0002 per cent 
lead for lead, 0.0001 per cent for iron and 0.00005 per cent for cadmium. These limits are those 
- experienced by one laboratory using a large Littrow type spectrograph. They are not ‘ 
Into invariable, however, and different laboratories will experience different values, depending 
meter upon experimental details. 
ei Note 6: Spectral Lines.—The line used in grading the plate shall not be too 
‘ dense or black since a very dense line does not show much change in appearance with 
Sees, change in concentration of the corresponding constituent element. The following 
age table lists suitable lines for the estimation of lead, iron and cadmium in high-purity 
n the zinc together with an indication of the approximate range of concentration in which 
licht the line is useful: 
WAVE LENGTHS IN 
r that INTERNATIONAL RANGE OF CONCENTRATION 
1 th ANGSTROMS OF tn Warcn Line 1s USEFUL, 
v, the ELEMENTS TO BE DETERMINED SuITABLE LINES Per Cent 
of the 2873.32 
2833 .07 to 0.0002 
thout, 2845 .59 : 
plate 2727 .54 0.1 to 0.05 
la 5 2714.42 : 
plate. 2625.68 
3021.08 0.05 to 0.0001 
3020. 50 
00 mi. 2980.62 | 0.05 
50 g. 3261.05 to 0.001 
2288.03 to. 0.00005 
Note 7: Precision.—Experience has shown that the precision of determinations 
—_ by this method is + 10 per cent of the amount of element being estimated. 


shed Note 8: Reliability of Test.—Experiment has shown that this method of testing 

; is capable of consistently detecting an off-grade composition if the concentration of 
lead, iron or cadmium is 20 per cent or more higher than the corresponding concen- 
tration in the standard. 


1ydro- 
rati | 
dis- 
n; the | | 
of 
hydro- 
andard 
mium. 
stock | 
10 ml. | | 
lution 
-To 10 q | 
andard 
mium. 
P I—87 


TENTATIVE METHOD OF TEST 
FOR 
QUANTITATIVE SPECTROCHEMICAL ANALYSIS OF ZINC 
ALLOY DIE CASTINGS FOR MINOR CONSTITUENTS AND 
IMPURITIES! 
A.S.T.M. Designation: E 27-35 T 


_ This is a Tentative Standard and under the Regulations of the Society is subject to 
annual revision. Suggestions for revision should be addressed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 

IssuED, 1935.2 

Scope 

1. This method* refers particularly to the analysis of zinc-base die- 
casting Alloy Nos. XXI and XXIII, covered by the Tentative Specifica- 
tions for Zinc-Base Alloy Die Castings (A.S.T.M. Designation: B 86 — 34T) 
of the American Society for Testing Materials.‘ The method includes the 
determination of copper in Alloy No. XXIII and of magnesium, iron, lead, 
tin and cadmium in Alloys Nos. XXI and XXIII. The determination of 
nickel in an alloy differing from Alloy No. XXIII by the presence of nickel 
as a minor constituent is also included. An arc spectrum is used, employing 
graphite electrodes, one of which is treated with a solution of the sample to 
be analyzed. Quantitative estimations are made by the comparison of the 
spectrum of the sample with the spectra of standard samples of known 
composition. 


Preparation of Sample Solution 

2. A 20-g. portion of a representative sample of the alloy to be analyzed 
shall be weighed, placed in a 250-ml. beaker, and dissolved in an equal 
volume mixture of concentrated hydrochloric and nitric acids. If the 
volume of the solution is greater than 50 ml., it shall be evaporated to 
approximately 50 ml., cooled, transferred to a 100-ml. graduate, nitric acid 
added to bring the volume to 60 ml. and the solution transferred to a small, 
glass-stoppered bottle. This procedure shall be repeated, thus making 
available duplicate sample solutions. 


1 Under the standardization procedure of the Society, this method is under the jurisdiction of the A.S.T.M. 


Committee E-2 on Spectrographic Analysis. 
2 Accepted for publication as tentative by Committee E-10 on Standards, October 7, 1935. Bate 
*The procedure is based upon the technique of spectrographic analysis described by C. C. Nitchie, 
with the Spectrograph,” Industrial and Engineering Chemistry, Analytical Edition, 
ol. 1, p. 1929). 
_ 4 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 706 (1934); also 1935 Book of A.S.T.M. Tenta- 
tive Standards, p. 369. 
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Preparation of Electrode 

A 0.1 ml. of one of the sample solutions shall be introduced into a 
recessed graphite electrode (Note 1). Directly after the introduction of 
the solution, the electrode shall be dried in an oven n at 200 F. (93 C.) for 
about 30 min. 


Estimation 

. (a) The electrode matting the sample solution shall be made 
the na and positive member of a pair of electrodes between which an 
electric arc shall be created by applying a potential of 80 to 100 v. with a 
direct current of 10 amp. ‘The spectrum of the arc shall be recorded 
Note 2) by means of a spectrograph from the moment the arc is struck 
until the arc has burned for 2 min. The plate thus obtained shall be referred 
to as the preliminary plate. 

(b) The preliminary plate shall be compared with a standard plate 
Note 3) on which are recorded the spectra of the standard solutions 
Note 4). By visual comparison of the blackness of the spectral lines 
Note 5) of the constituents and impurities to be determined in the spectrum 
of the sample with the corresponding lines in the standard spectra, the | 
approximate composition of the sample shall be ascertained. 


Final Estimation 

5. (a) The final estimation of the quantity of each element to be 
determined shall be made on the basis of plates on each of which are photo- 
graphed two spectral exposures of the sample and three standard spectral 
exposures. Beginning with one impurity, for example, lead, three stand- 
ards of various lead contents, a high, a medium, and a low content, respec- 
tively, shall be selected. ‘The medium standard shall be that which is 
nearest to the lead content of the sample as estimated from the preliminary 
plate. Six recessed electrodes (Note 1) shall be treated (Section 3) with 
0.1-ml. portions each of the standard solutions, preparing two electrodes 
for each of the three standards. Four electrodes shall be treated with 
0.1 ml. each of the sample solutions, preparing two electrodes from the 
one sample solution and two from the duplicate sample solution. The 
electrodes shall be dried in an oven at 200 F. (93 C.) for about 30 min. 

(b) Two spectral plates* shall be prepared each having five 2-min. 
exposures (Section 4 (a)) in the following order: 


ower Medium standard 


* The ten exposures may be recorded on one plate rather than two plates of five exposures each. 


The plate shall be adjusted for each exposure so that the spectral 
exposures are in juxtaposition, for ease of comparison with one another. 
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(c) From the finished plates the lead content shall be estimated on 
the basis of a visual comparison of the difference in blackness between the 
lead spectral lines in the spectrum of the sample and in the adjacent stand- 
ard spectra. ‘Two observers should independently evaluate the plates and 
the average of the estimations shall be considered as the lead content 
(Note 6) of the sample. 

(d) If the contents of the other elements to be determined are within 
the limits set by the high and low standards used for the lead determination, 
they may be determined with the same plates from which the lead was 
determined. If, however, this cannot be done, it will be necessary to 
repeat the spectrography! carried out for the lead determination using 
standards suitable for the contents of the other elements to be determined. 


a FOR COMPLIANCE WITH SPECIFICATIONS 
. 


6. Frequently, the object of the spectrographic inspection is merely 
to determine whether the minor constituents are present in the correct 
amount and the impurities are less than certain amounts, as in the case of 
specification requirements on the composition. For this purpose the 
analytical procedure described in Sections 2 to 5 may be considerably 
simplified. The method of carrying out this test may be described by 
stating, as an example, the procedure for testing a zinc-base alloy of the 
A.S.T.M. No. XXIII type for compliance with the Tentative Specifications 
for Zinc-Base Alloy Die Castings (A.S.T.M. Designation: B 86 — 34 T) of 
the American Society for Testing Materials. 


Procedure 


7. (a) Standard Solutions.—Ywo standard solutions shall be pre- 
pared each containing the maximum copper, iron, lead, cadmium and tin 
allowed by the specification, the one containing the minimum amount of 
magnesium allowed and the other containing the maximum amount oi 
magnesium allowed. These solutions shall be made to a concentration of 
! g. of total metal per milliliter of solution, an equal volume mixture o! 
hydrochloric and nitric acids being used as a solvent. ‘The preparatio! 
technique shall be such as to ensure the necessary degree of precision i! 
the nominal composition of the standard solutions. 

(b) Sample Solutions.Duplicate sample solutions shall be prepared 
as described in Section 2. 


1 It is not the intent of this method to limit to three the number of standards whose spectra are record 
on one plate. If it is necessary to use more than three standards for the analysis of one sample, the spectr 
of more than three may be photographed on one plate. The essential requirements are that the standar 
spectra be alternated with spectra of the sample and that at least two sample spectra be recorded from ea 
sample solution. 

_ 2 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 706 (1934); also 1935 Book of A.S.T.M. Tenta- 
tive Standards, p. 369. 
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faBLE OF STANDARD SoLutTions FoR A.S.T.M. No. XXIII Tyre 
Zinc-BASE Dre-CastinG ALLoy. 


i Aluminum,}| Mag- Copper, Tron, Lead, Cadmium, Tin, Zine, 
Standard Solution percent | nesium, | percent | percent | percent | percent | percent | per cent 
per cent 
Minimum Magnesium........ 4.0 0.030 0.10 0.10 0.0070 0.0050 0.0050 | remainder 
Maximum Magnesium....... 4.0 0.080 0.10 0.10 0.0070 0.0050 0.0050 | remainder 


——_ 


(c) Preparation of Electrodes.—According to the method described in 
Section 3, the following electrodes shall be prepared: Two electrodes 
treated with the minimum magnesium standard solution, two electrodes 
treated with the maximum magnesium standard solution, two electrodes 
treated with the one sample solution and two electrodes treated with the 
duplicate sample solution. 

(d) Preparation of Spectra.—Two spectral plates* shall be prepared 
each having four 2-min. exposures (Section 4 (a)) in the following order: 


Second spectral Sample 
Fourth spectral Maximum magnesium standard 
“ The eight exposures may be recorded on one plate rather than on two plates of four exposures each. 


(e) By visual comparison of the blackness of the appropriate spectral 
lines in the standard spectra with the corresponding lines of the spectra 
of the sample, a determination may be made as to whether the composition 
of the sample is within the limits set by the specifications (Note 4). 


EXPLANATORY NOTES 


Note 1: Electrodes.—The electrodes shall be prepared from high-purity graphite 
rods, y-in. diameter being recommended (found by test to be free from the elements 
to be determined in the alloy sample). The electrodes which are to contain the 
sample shall be cut into 2-in. lengths and recessed at one end by drilling an axial hole 
about 0.15 in. in diameter and 0.25 in. in depth. Prior to use the electrodes shall be 
burned in a 10-amp. arc for about 2 min., by which treatment any impurities with 
which the electrodes may have been contaminated in the handling are volatilized. 

Note 2: Spectrography.—The spectrograph shall have quartz optics or a diffrac- 
lion grating of sufficient resolving power and dispersion to separate clearly the lines of 
the constituents to be determined from the lines of other elements present in the 
spectrum of the sample. In illuminating the slit of the spectrograph with the light 
from the arc, a quartz condensing lens (or lenses) shall be used in such a manner that 
the images of the electrode tips are sharply defined, one above, the other below, the 
pen portion of the slit, in order to exclude the intense continuous spectrum of the 
hot carbon electrodes from the spectrograph. Adjustment of the distance between 
the electrodes shall be made, from time to time, in order to compensate for the burn- 
ing away of the electrode tips. The same portion of the slit shall be used throughout, 
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preferably the central portion. A moderately slow, fine-grained photographic plate 
is best suited for this method. Eastman 33 plate is an example of this type of plate, 
The following developer formula is suggested: 


Stock Solution A: Stock Solution B: 
Hydroquinone.............. 42 g. Anhydrous sodium carbonate. 150 g, 
Anhydrous sodium sulfite.... 85 g. 
Potassium bromide.......... 3g. 


For use take 100 ml. of Solution A, 80 ml. of Solution B and 420 ml. of water, 
Develop 4} min. at 70 F. (21 C.) After development, the plate shall be washed, 
fixed and dried. 

Note 3: Standard Plate——A standard plate, on which are recorded the spectra 
of a series of standard solutions, shall be kept on hand for the purpose of the pr 
liminary estimation (Section 4). 

Note 4: Standard Solutions——Standard solutions shall be prepared as acid 
solutions of the major alloying constituents with added amounts of the metals to by 
determined in known ratio to the total weight of metal. The acid used shall be ar 
equal volume mixture of concentrated hydrochloric and nitric acids. A_ unifor 
concentration of 4 g. of total metal per milliliter shall be maintained. 

The major alloying constituents, zinc, aluminum and copper, shall be present in 
the standards in approximately the same proportions as they exist in the alloy for the 
analysis of which the standards are prepared. For example, standards for the analysis 
of A.S.T.M. No. XXI zine-base die casting alloy shall contain 4 per cent aluminum 
and 3 per cent copper, the metals to be determined, and the balance as zinc. A 
separate set of standards shall be required for the analysis of A.S.T.M. No. XXIII 
zinc-base alloy. The latter standards shall not contain the major constituent, 3 
per cent copper. 

For each type of alloy a separate set of standards shall be required, differing 
from one another as noted in the previous paragraph. The members of each set will 
differ from one another in the concentrations of the elements to be determined. The 
concentrations of the several elements shall be varied from the highest standard to 
the succeeding lower standards in a geometric progression of ratio 1:2. 

The following example will illustrate the method of preparing a set of standard 
solutions. This set is designed for the determination of magnesium, nickel, copper, 
iron, lead, cadmium and tin in an alloy of the A.S.T.M. No. XXIII type: 


COMPOSITION OF STANDARD SOLUTIONS FOR THE ANALYSIS OF A.S.T.M. No, XXIII Tyre 
Zinc-BASE Dire CastTiInG ALLoy 


Standard Aluminum,| Mag- Nickel, Copper, Tron, ad, | Cadmium, Tin, Zine, 
Solutions percent | nesium, | percent | percent | percent | percent | percent | percent | percent 
per cent 

4.0 0.20 0.20 0.20 0.20 0.040 0.020 0.020 remainder 
_ ERE OE 4.0 0.10 0.10 0.10 0.10 0.020 0.010 0.010 remainder 
_ SRR RE 4.0 0.050 0.050 0.050 0.050 0.010 0.0050 0.0050 remainder 
D.. 4.0 0.025 0.025 0.025 0.025 0.0050 0.0025 0.0025 remainder 
isadavcavnascan 4.0 0.013 0.013 0.013 0.013 0.0025 0.0013 0.0013 remainder 
4.0 0.0063 0.0063 0.0063 0.0013 0.00063 (0.00063 | remainder 


Pure Alloy Base Solution —4 g. of pure aluminum! and 96 g. of pure zinc! shall be 
dissolved in an equal volume mixture of hydrochloric and nitric acids. ‘The volume of the 
solution shall be adjusted to 300 ml. 

Basic Standard Solution.—46.24 g. of pure zinc', 2.00 g. of pure aluminum", 0.40 g. of 


1 The aluminum and zinc must be sufficiently free from magnesium, nickel, copper, iron, lead, cadmium 
and tin so as not to significantly alter the intended or nominal composition of the standard solutions. 
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late magnesium, 0.40 g. of nickel, 0.40 g. of copper, 0.40 g. of iron, 0.080 g. of lead and 0.040 g. 
late. of cadmium shall be dissolved in an equal volume mixture of hydrochloric and nitric acids, 


0.040 g. of tin shall be dissolved in a small volume of cold hydrochloric acid and added to 
the solution of the other metals. The volume of the final solution shall be adjusted to 
150 ml. This solution corresponds to an alloy containing 4.0 per cent aluminum, 0.8 
0 mi. per cent each of magnesium, nickel, copper and iron, 0.16 per cent lead, 0.08 per cent each 
0g. f cadmium and tin, and the remainder of zinc. 

Standard Solution A.—To 10 ml. of the Basic Standard Solution shall be added 30 ml. 

the Pure Alloy Base Solution. This makes 40 ml. of Standard Solution A of the com- 
position given in the above table. 

Standard Solution B.—To 10 ml. of Standard Solution A shall be added 10 ml. of the 
ater. Pure Alloy Base Solution. This makes 20 ml. of Standard Solution B of the composition 
shed given in the above table. 

Standard Solution C.—To 10 ml. of Standard Solution B shall be added 10 ml. of the 
Pure Alloy Base Solution. This makes 20 ml. of Standard Solution C of the composition 
given in the above table. 
pre- Lower Standards.—The lower Standard Solutions D, E and F shall be made similarly 

y the process of successive dilutions outlined for Solutions B and C. 

The quantity of the Pure Alloy Base Solution and the Basic Standard Solution which 

remain may be stored in sealed bottles for the replenishment of the supply of standards 


required. 
xe an Alternative Standard Solutions.—It is not the intent of this method to require that 
form tandard solutions be made with the elements to be determined in the concentrations set 


forth above. Some other ratio of the concentrations of the several elements in any one 
tandard may prove more convenient. The particular scheme outlined above is designed 


nt to permit the estimation of a number of elements on one plate using the same three standard 
r the pectral exposures for each estimation. Thus, a large proportion of samples of this type 
alysis lloy can be analyzed with Standard Solutions C, D and E alone. ; 
inum It may also prove convénient in some laboratories to limit the number of metals in —s 
\ ny one set of standards to a fewer number than those listed above. For example, one 
: may wish to have merely magnesium, lead and tin in the standard solution in addition, 
XIII of course, to the aluminum and zinc. 
nt, 3 
- Note 5: Spectral Lines —The lines used in grading the plate shall not be too 
ering lense or black since a very dense line does not show much change in appearance with 
t will hange in concentration of the corresponding element. The following table lists 
The 1itable lines for the estimation of magnesium, nickel, copper, iron, lead, cadmium 
rd to nd tin in zinc alloy die castings together with an indication of the approximate 
range of concentration in which the line is useful: : 
dard 
nner WAVE LENGTHS IN 
ppt, INTERNATIONAL RANGE OF CONCENTRATION 
ANGSTROMS OF in WuicH LIne Is USEFUL, 
ELEMENTS TO BE DETERMINED SUITABLE LINES PER CENT 
TYPE .99 
Magnesium .85 0.25 to 0.004 
Line, 
r cent 
mainder . 
mainder to 0.1 
65 
mainaer ( 
0.1 to 0.008 
painder 3012.01 
[3012-04 } 0.1 to 0.004 
be 
2961.18 
2824.38 1.0 to0.03 
3273. 0.0: 
).03 to 0.0005 


| 
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Wave LENGTHS IN 
INTERNATIONAL 
ANGSTROMS OF 

SUITABLE LINES 

2929. 

2912. 

2788. 

2720. 

2719. 

3020. 

3020. 


2614. 
2833. 


2863 .32 
2839.99 


ASTINGS 


RANGE OF CONCENTRATION 
in Wuicu LINE 1s Useru, 


PER CENT 
(1.0 to 0.05 
0.2 to 0.01 
0.1 to 0.008 
0.1 to0.002 


to 0.0005 


0.1 to 0.001 
0.02 to 0.0004 


0.1 to 0.001 
0.001 to 0.00005 


0.05 to 0.002 


Precision.—Experience has shown that the precision of determina- 
tions by this method is + 10 per cent of the amount of element being estimated. 

Note 7: Reliability of Test—Experiment has shown that this method of testing 
is capable of consistently detecting an off-grade composition if the concentrations of 
the elements to be determined differ by 20 per cent or more from the corresponding 
concentrations in the standard. 
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_ Tentative revisions of A.S.T.M. Standards are printed for 
one or more years with a view of eliciting criticisms, of which 
the committee concerned will take due cognizance before recom- 
mending final action. 

Members of the Society and others are invited to direct 


written criticisms of any of these Tentative Revisions to the 
Headquarters of the Society, 260 S. Broad St., Philadelphia, Pa. 


gra 


| 
im : 
1} 
= 
| Bro 


TENTATIVE REVISIONS OF A.S.T.M. STANDARDS 


Tentative Revision' of Standard Specifications for Open-Hearth Carbon-Steel 
Rails (A.S.T.M. Designation: A 1 — 30):? . 
Section 3.—Change the table of chemical requirements, appear- 

ing in this section, to read as follows by the addition of the italicized 

figures and the omission of those in brackets: 


Weight, lb. per yd. 


Elements Considered 

50-69 70-84 85-100 | 101-120 121-140 
Carbon, per cent..... 0.50-0.63 0.53-0.70 [0.62] 0.64-0.77 | 0.67-[0.83] 0.80 |[0.72-0.89} 0.69-0.82 
Manganese, per cent. . 0.60-0.90 0.60-0.90 0.60-0.90 [0.50-0.90} 0.70-1.00)(0.50-0.90] 0.70-1.00 
Phosphorus, max., 


0.04 0.04 0.04 0.04 0.04 
Silicon, min., per cent.| [0.15] 0.10-0.23 | [0.15] 0.10-0.23 | [0.15] 0.10-0.23 | [0.15] 0.10-0.28 (0.15! 0.10-0.23 


Revision submitted, June, 1934. 


Section 4 (b).—Add the following sentences at the end of this para- 
graph: 

The “O” position, as shown in Fig. 1, is located at a point one-third of the dis- 
tance from the upper corner to the center of the head of the rail. The “‘M’”’ position, 
also shown in Fig. 1, is the intersection of the vertical axis of the section and the line 


joining the upper tangent point of the fillets under the head. 
Revision submitted, June, 1935. 


Fic. 1.—Location of “O” and “M” Positions for Obtaining Samples for Chemical 
Analysis. 


Figure 1—Add the accompanying Fig. 1 which shows the location of 
the “O” and “M” positions for obtaining samples for chemical analysis. 


Revision submitted, June, 1935. 


' Criticisms of this revision are solicited and should be directed to the Headquarters of the Society 260 § 
St., Philadelphia, Pa 
1933 B 
"1933 Book of A.S.T.M. Standards, Part I. { 
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Section 6.-Change Paragraph (a) from its present form: namely, 

6. (a) Ductility and resistance to impact will be determined by the standard 
A.R.E.A. drop testing machine, with test specimens from 4 ft. to 6 ft. long cut from 
the top of the “A” rails from the second, middle and last full ingots of each heat 
These specimens shall be marked on the base with gage marks 1 in. apart for 3 ir 
each side of the center of the test specimens for measuring the ductility of the metal 
The distance between supports shall be 3 ft. for sections under 106 lb. For sectior 


106 Ib. and over it shall be 4 ft. 
6. (a) The drop testing machine shall be the standard of the American Railway 
ingineering Association. 
(6) The tup shall weigh 2000 Ib., and have a striking face with a radius of 5 in 
(c) The anvil block shall weigh 20,000 lb., and be supported on springs. 
_ (d) The supports for the test specimens shall be a part of, or firmly secured to, 
the anvil. These supports shall be spaced 3 ft. between centers for rails 100 Ib. per 


yd. or less in weight and 4 ft. for rails over 100 lb. per yd. in weight. The bearing 
surfaces of the supports shall have a radius of 5 in. — 


lransfer Paragraph (6) of this section to appear as Paragraph (6) of 
a new Section 7. 


Revision submitted, June, 1935 


New Section.—Add the following Paragraph (a) to a new Section 7, 
renumbering the remaining sections accordingly. With the inclusion of 
Paragraph (b) from Section 6 this new section will read as follows: 


7. (a) Drop tests shall be made on test specimens of rail not less than 4 ft. and 
not more than 6 ft. in length. These test specimens shall be cut from the top end of 
the top rail of the ingot, and marked on the base or head with gage marks 1 in. apart 
for 3 in. each side of the center of the test specimens for measuring the ductility o! 
the metal. 

(b) The temperature of the test specimens shall not exceed 38 C. (100 F.). 


Revision submitted, June, 1935. 


Section 12.—Change this section to read as follows by the addition 
of the italicized words and the omission of the word in brackets: 


12. The section of the rails shall conform as accurately as possible to the 
templates or drawings furnished by the purchaser. A variation of 4; in. less and 
#y in. greater than the specified height will be permitted. A variation of ¥¥ in. 
in the [length] width of either flange will be permitted, but the variation in 
total width of base must not exceed ? in. No variation will be allowed in 
dimensions affecting the fit of the joint bars, except that the fishing template 

_ approved by the purchaser may stand out not to exceed #, in. laterally. 
; Revision submitted, June, 1934. 


Section 18.—Add to the first sentence of Paragraph (0) a reference 
to the A.R.E.A. type rails, thus making the opening phrase read: 
~ Rails “ A. R. A. or A.R.E.A. type of sections.’ 
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TENTATIVE REVISIONS OF A. S.T.M. STANDARDS 1373 _ 


Add the following as a new Paragraph (c): 


(c) Rails that are not hot stamped. —s 
Revision submitted, June, 1934. : 


Section 19.—Change this section from its present form to read as 
follows: 


(a) The data and order of arrangement of the branding shall be as shown 
in the following typical branding, the design of letters and numerals to be 
optional with the manufacturer: 


11025 R.E. O.H. DOE 1930 IIIT 
( Weight and ) (Type) fen of ) (ene) ( Year ) Month 
Section Number Steel and Mill Rolled Rolled 


(b) The heat number and the ingot number as rolled shall be stamped 
in the web of each rail where it will not be covered by the joint bars. The 
data used in stamping and arrangement thereof shall be as shown in the following 


typical stamping: a 
Example 1: 63345 E 17 

(Heat Number) (Rail Letter) (Ingot No.) 
Example 2: 49021 A 5 


(c) The top rails shall normally be lettered ‘‘A,’’ and succeeding ones 
“B,” “C,” “D,” “E,” etc., consecutively, but in case top discard is greater 
than normal, the rail lettering shall conform to the amount of discard, the top 
rail becoming “B,” or other succeeding letter to suit the condition. Design 
and size of letters and numerals to be used in stamping shall be as here shown: 


ABCDEFGHIUKLMNO® 


12345678970 MM«IM* 


(d) Only the “A,” “B” and “C” rails are required to be lettered when 
the normal weight per yard is less than 70 lb. Revision submitted, June, 1934. 


Section 20 (e).—Change from its present form: namely, 


(e) All rails of heats the carbon content of which exceeds the mean carbon — 
percentage of the specific range shall have both ends painted blue. 

Individual rails shall be painted only one color, according to the order of 
precedence listed above. ae 


to read as follows: 


(e) All rails of a heat whose carbon content is in the upper five points of 
the carbon percentage of the specified range shall have both ends painted blue. 

Individual rails shall be painted only one color, according to the order of 
precedence listed above. Revision submitted, June, 1934. 


Section 23 (c).—Change to read as follows by the addition of the 
italicized words: 


(c) Rails accepted will be paid for according to actual weights, subject to 
the limitations of Section 13. Revision submitted, June, 1934. 
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1374 TENTATIVE REvisions OF A.S.T.M. STANDARDS 


Tentative Revision' of Standard Specifications for Quenched High-Carbon-Stee| 


Splice Bars (A.S.T.M. Designation: A 49 - 21): 


Section 3.—-Change the table of requirements as to chemical composi- 
tion from its present form: namely, 


not over 0.04 per cent 


to read as follows: 


ese 0.35 to 0.60 


Revision submitted, June, 1935 


Section 4.—Change to read as follows by the addition of the italicized 
words and the omission of those in brackets: 


4. An analysis of each melt of steel shall be made by the manufacturer to deter- 
mine the percentages of carbon, manganese, phosphorus and sulfur. [This] Th 
analysis shall be made from drillings taken at least } in. beneath the surface of a test 
ingot obtained during the pouring of [the] each melt. ‘The chemical composition thu 
determined shall be reported to the purchaser or his representative and [the per- 
centages of carbon, manganese and phosphorus] shall conform to the requirements 


specified in Section 3. 
Revision submitted, June, 1935. 


_ Section 5.—Change from its present form: namely, 


5. An analysis may be made by the purchaser from a finished splice bar repre- 
senting each melt. ‘The phosphorus content thus determined shall not exceed that 
specified in Section 3 by more than 25 per cent. 


to read as follows: 


5. An analysis may be made by the purchaser from a finished bar representing 
each melt. The percentages of carbon and manganese thus determined shall conforn 
to the requirements specified in Section 3 and the phosphorus content shall not exceed 
that specified by more than 25 per cent. 

Revision submitted, June, 193 


Seclion 6 (a).—Change from its present form: namely, 


6. (a) The splice bars shall conform to the following minimum requirement 
as to tensile properties: 


10 


to read as follows: 


6. (a) The joint bars shall conform to the following minimum requirements 4 
to tensile properties: 


1 Criticisms of this revision are solicited and should be directed to the Headquarters of the Society 
260 S. Broad St., Philadelphia, Pa. 
21933 Book of A.S.T.M. Standards, Part I. 
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TENTATIVE Revisions or A.S.T.M. STANDARDS 


but in no case less than 12 per cent. tens. str. 

but in no case less than 25 per cent. tens. str. 


Revision submitted, June, 1935. 


Tentative Revision' of Standard Specifications for Quenched Carbon-Steel Track 
Bolts (A.S.T.M. Designation: A 50 — 33);? 


Tentative Revision' of Standard Specifications for Quenched Alloy-Steel Track 
Bolts (A.S.T.M. Designation: A 51 — 33):? 


The Tentative Specifications for Heat-Treated Carbon- and Alloy- 
Steel Track Bolts (A 183 —35 T)* are in effect a tentative revision of and 
are intended to replace when adopted the present Standard Specifications 


h 
he A 50-33 and A 51-33. 
- Tentative Revision' of Standard Specifications for Carbon-Steel Car and 
nt Tender Axles (A.S.T.M. Designation: A 21 27): 
Section 1.—Change this section to read as follows by the addition — 
of the italicized words and the omission of the word in brackets: 
yre- 1. These specifications cover tapered axles up to and including those 


hat 6} in. in nominal diameter at the center. Axles over 6} in. in nominal 
diameter at the center which shall be annealed, [and] shall be in accordance 
with the Tentative Specifications for Carbon-Steel Forgings for Locomotives 
(A.S.T.M. Designation: A 20-31 T) of the American Society for Testing 


Note.—Add the following Note to Section 1: 


; Note.—Axles with parallel sides, either untreated or annealed as specified, es 
shall be in accordance with the Tentative Specifications for Carbon-Steel 
_ Forgings for Locomotives (A.S.T.M. Designation: A 20 - 31 T) of the American 
Society for Testing Materials.‘ 


me Revision submitted, June, 1934. 


Section 3.—In the table of chemical requirements change the 
present range in manganese content from ‘‘0.40 to 0.70 per cent”’ to 
read ‘0.40 to 0.90 per cent.” 


Revision submitted, June, 1934. 

' Criticisms of this revision are solicited and should ‘be directed to the Headquarters of the Society, 260 
S. Broad St., Philadelphia, Pa. 

2 — Book of A.S.T.M. Standards, Part I. 

* Proceedings, Am. Soc. Testing Mats., Vol. 31, Part I, p. 662 (1931); also 1935 Book of A.S.T.M. Tenta- 

tive Standards, p. 35. 
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Section 8.—Add the following paragraph as Paragraph (6), letter- 
ing the present section as Paragraph (a): 


(b) When less than 15 tons of any one design are ordered, the manufacturer 
shall have the option of making axles from a previously tested melt and furnishing 
copy of such test, or of making a tension test to the requirements for untreated 
forgings as specified in the Tentative Specifications for Carbon-Steel Forgings 
for Locomotives (A.S.T.M. Designation: A 20- 3t T) of the American Society 
for Testing Materials! = | 

Revision submitted, June, 1934, 


Section 9.—Change this section from its present form: namely, 

9. (a) All axles shall be made and finished in a workmanlike manner and 
shall conform to the sizes and shapes specified by the customer and all journals 
and wheel seats shall be rough turned. In centering, unless otherwise specified, 
60-deg. centers shall be used, with large diameter of counter-sink not less than 
j in. and with clearance drilled 4 in. deep. 

(b) Unless otherwise specified, axles shall be smooth forged, except the 
wheel seats and journals, which shall be rough turned. eit 


to read as follows: 


9. The axles shall conform to the sizes and shapes specified by the purchaser. 
Unless otherwise specified, axles shall have smooth-forged finish except on 
wheel seats and journals, which shall be rough turned. Centering shall be 60 
deg. with clearance drilled for points. 


Revision submitted, June, 1934. 
Tentative Revision? of Standard Specifications for Quenched-and-Tempered 


Carbon-Steel Axles, Shafts, and Other Forgings for Locomotives and 
Cars (A.S.T.M. Designation: A 19 - 27):* 


Section 5.—Change from its present form: namely, 


5. (a) Unless otherwise specified by the purchaser, all forgings over 7 in. 
in diameter shall be bored, and all axles, shafts and similar forgings shall be 
rough-turned all over. The boring shall be done before quenching. 


(6) If boring is specified, the diameter of the hole shall be at least 20 per 
cent of the maximum outside diameter or thickness of the forging, exclusive 
of collars and flanges. ; 


5. (a) Unless otherwise specified by the purchaser, all axles, shafts and 

similar forgings having a minimum diameter over 7 in. shall be bored. ‘The 
boring shall be done before quenching. 


to read as follows: 


(b) In the case of boring, the diameter of the hole, unless otherwise speci- 
fied, shall be at least 20 per cent of the maximum outside diameter of the 
forging, exclusive of collars and flanges. 

Revision submitted, June, 1931. 


1 Proceedings, Am. Soc. Testing Mats., Vol. 31, Part I, p. 662 (1931); also 1935 Book of A.S.T.M 
Tentative Standards, p. 55. 

? Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 
260 S. Broad St., Philadelphia, Pa. 
41933 Book of A.S.T.M. Standards, Part I. 
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Tentative Revision! of Standard Specifications for Quenched-and-Tempered 
Alloy-Steel Axles, Shafts, and Other Forgings for Locomotives and 7 7 
Cars (A.S.T.M. Designation: A 63 - 27):? 


Section 6.—Make the same change in this section as recommended 7 

in Section 5 of Specifications A 19 - 27 above. 
Revision submitted, June, 1931. 
Tentative Revision' of Standard Specifications for Wrought Solid Carbon- _ 

Steel Wheels for Electric Railway Service (A.S.T.M. Designation: 

A 25 24):? 

Section 3.—Separate composition for acid steel is to be eliminated 
and the same chemistry used for both acid and basic steel. It is 
accordingly recommended that the table of chemical requirements 
appearing in this section be changed from its present form: namely, 


Basic 
Carbon, per cent.......... 0.60-0.80 0.65 -0.85 
Manganese, per 0.55-0.80 0.55 0.80 
Phosphorus, per cent................+. not over 0.05 not over 0.05 
ena not over 0.05 not over 0.05 
0.15 -0.35 0.10-0.30 
to read as follows: 
0.65 to 0.85 
Manganese, per cent..... nbbtcindectaceriuaenewsenie 0.60 to 0.85 
TTT TITIT 0.05 
0.15 


Revision submitted, June, 1934. 


Section §.—Change this section from its present form: namely, 


5. An analysis may be made by the purchaser from a wheel representing 
each melt. The chemical composition thus determined shall conform to the 
requirements specified in Section 3. A sample may be taken from any one point 
in the plate;. or two samples may be taken, in which case they shall be on radii 
at right angles to each other. Samples shall not be taken in such a way as to 
impair the usefulness of the wheel. Drillings for analysis shall be taken by 
boring entirely through the sample parallel to the axis of the wheel; they 
shall be clean and free from scale, oil and other foreign substances. All drillings 
from any one wheel shall be thoroughly mixed together. 


to read as follows: 


5. An analysis may be made by the purchaser from a wheel block or from 
a finished wheel selected by his representative from each melt. The chemical 
composition thus determined shall conform to the requirements specified in 
Section 3. Samples from wheel blocks shall be drilled from the end of the block 
at any point midway between the center and outside. The finished wheels 
may be sampled by taking drillings direct from the plate, or from the slug 


1 Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 
260 S. Broad St., Philadelphia, Pa. 
? 1933 Book of A.S.T.M. Standards, Part I. 
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hot-punched or cored out of the plate; taken so that it does not impair the 

usefulness of the wheel. Samples shall be taken by drilling entirely through the 

plate or slug. Drillings from any one block or wheel shall be thoroughly mixed 

together and they shall be clean and free from scale, oil and other foreign 
substances. 

Revision submitted, June, 1934. 


Section 7.—The present permissible variations are intended for 
wheels operating on T-rails. It is now proposed to include variations 
- for wheels operating on grooved rails which will be one-half of the 
existing tolerances. It is accordingly recommended that Paragraphs 
(a), (b), (c), and (7) be changed to read as follows by the addition of 
the italicized words and figures: 


(a) Height of Flange.—The height of flange shall not vary from that speci- 
fied by more than = yy in. for wheels operating on T-rails, nor more than + 3s in. 
for wheels operating on grooved rails. 

(b) Thickness of Flange.—The thickness of flange shall not vary from that 
specified by more than * 7, in. for wheels operating on T-rails, nor more than 
= py in. for wheels operating on grooved rails. 

(c) Radius of Throat.—The radius of throat shall not vary from that speci- 
fied by more than * yy in. for wheels operating on T-rails, nor more than + 3, in. 
for wheels operating on grooved rails. 

(j) Limit-of-Wear Groove.—When a limit-of-wear groove is specified, its 

location shall not vary from that specified by more than + 7, in. for wheels 
operating on T-rails, nor more than + 3, in. for wheels operating on grooved rails. 


It is also recommended that Paragraphs (g) and (k) which read 
as follows be deleted from this section: 


(g) Rotundity.—The tread shall be gaged with a ring gage, and the opening 
_ between the tread and this gage at any point shall not exceed 7, in. 
(hk) Block Marks on Tread.—Block marks shall not exceed 3% in. in height. 


Table I.—Change Table I in accordance with the modifications 
_ being made in Section 7 (a), (4), (c), (g), (4), and (J). 


Revision submitted, June, 1934. 


Tentative Revision' of Standard Specifications for Carbon-Steel Bars for Railway 
Springs with Special Silicon Requirements (A.S.T.M. Designation: A 6- 
27) 


Section 1.—Change to read as follows by the omission of the word: 
in brackets: 


1. These specifications cover [two grades of] carbon-steel bars [with speci 
silicon requirements] to be used for the manufacture of railway springs. [determm! 
by the carbon ranges specified in Section 3. The choice of the grade of bar to 
used for the manufacture of any spring will depend on the design of the spring 4 
the stresses and service for which it is intended. The purposes for which these gra 


1 Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 4 
S. Broad St., Philadelphia, Pa 


21933 Book of A.S.T.M. Standards, Part I. 
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are frequently used are as follows: Grade A, for elliptical and helical springs; Grade B, 
for helical springs.] 


Revision submitted, June, 1935. 


Section 3.—Change the table of requirements as to chemical composi- 
tion from its present form: namely, 


ELEMENTS CONSIDERED GraDE A GRADE B 
0.90-1.10 0.95-1.15 
_ Manganese, max., per cent............... 0.50 0.50 

Phosphorus, max., per Cent.............4. 0.05 0.05 

Silicom, per 0.25 -0.50 0.25-0.50 


0.90 to 1.05 


Revision submitted, June, 1935. 


Tentative Revision! of Standard Specifications for Boiler Rivet Steel and : 
Rivets (A.S.T.M. Designation: A 31 24):? 


Section 2.—In the table of chemical requirements change the 
present requirement for sulfur from ‘‘not over 0.045 per cent” to read 7 


“not over 0.05 per cent.” 
Revision submitted, June, 1934. 


Tentative Revision’ of Standard Specifications for Structural Rivet Steel _ 
(A.S.T.M. Designation: A 141 — 33): 


Section 2.—Make the same change in this section as recom- 
mended in Section 2 of Specifications A 31 — 24 above. 
Revision submitted, June, 1934. 


Tentative Revision! of Standard Specifications for Steel for Bridges (A.S.T.M. 
Designation: A 7 — 34):2 


Section 13.—Add the following paragraph as Paragraph (0), lettering 
the present section as Paragraph (a): 


(b) Surface imperfections that do not affect the full utility of the pieces, shall 
not be considered as injurious defects in structural shapes, 3 in. or more in thickness. 
Such pieces may be processed by the following methods in order to give them a work- 
manlike finish: 

(1) When the surface imperfections are less than 7 in. in depth, they may be 
removed by grinding. 

(2) When the surface imperfections are jg in. or more in depth, the pieces may 
be subjected to chipping and welding under limiting conditions as follows: 


‘Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 
260 S. Broad St., Philadelphia, Pa. 
*1933 Book of A.S.T.M. Standards, Part I. 
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‘The cross-sectional area of any piece shall not be reduced more than 15 
per cent at any point, nor shall the total area of the chipped surface of any piece 
exceed 2 per cent of the total surface area of that piece. 

After any imperfection has been completely removed, the maximum depth 


of depression shall not exceed the following: 
OF Depression, 


THICKNESS OF MATERIAL, IN. MAX., IN, 
3 1 1 
91 1 


The chipping and welding shall be performed under constant control by 
the manufacturer. All welding shall be done by qualified welders using suitable 
coated welding rods. The welds shall be sound; the weld metal being thoroughly 
fused on all surfaces and edges without undercutting or overlap. Weld meta! 
shall project at least 7g in. above the rolled surface after welding, and the pro- 
jecting metal shall be removed by chipping or grinding to make it flush with 
the rolled surface and produce a workmanlike finish. 

Revision submitted, August, 1935. 


Tentative Revision' of Standard Specifications for Steel for Buildings (A.S.T.M. 
Designation: A 9 — 34): 
Section 13.—Make the same change in this section as recommended 
in Section 13 of Specifications A 7 — 34, above. Revision submitted, August, 1935, 


Tentative Revision! of Standard Specifications for Structural Silicon Steel (A.S.T.M. 
Designation: A 94 33):* 
Section 14..-Make the same change in this section as recommended 
in Section 13 of Specifications A 7 — 34, above. Revision submitted, August, 1935. 
_ Tentative Revision' of Standard Specifications for Structural Steel for Ships 
(A.S.T.M. Designation: A 131 — 33):? 
Section 2.—-In the table of chemical requirements change the 
_ present sulfur requirement for structural steel and steel for cold 
_ bending from ‘‘not over 0.06 per cent” to read “‘not over 0.05 per 
cent.” Revision submitted, August, 1934. 
Also change the present sulfur requirement for rivet steel from 
“not over 0.045 per cent” to read “‘not over 0.05 per cent.” 


Revision submitted, June, 1934. 


Section &.—-Change this section by the addition of the following 


_ clause as a new Paragraph (bd), relettering the present Paragraph (b) 


as Paragraph (c): 


(b) Flat rolled steel 4 in. and under in thickness, shapes less than 1 sq. in. 
in cross-section, and bars, other than flats, less than } in. in thickness or diameter, 
shall not be subjected to tension tests. 

Revision submitted, June, 1934. 


1 Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 260° 
Broad St., Philadelphia, Pa. ; 

2 1934 Supplement to Book of A.S.T.M. Standards. 

#1933 Book of A.S.T.M. Standards, Part I. 
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TENTATIVE Revisions or A.S.T.M. STANDARDS _ 1381 
Section 6 (a).—-Change this paragraph to provide a minimum a 


elongation in 8 in. of 18 per cent for thicknesses over } in. by the ; 
addition of the italicized words and figures and by the omission of 


those in brackets: 
6. (a) For material over ? in. in thickness or diameter, a deduction from 
the percentage of elongation in 8 in. specified in Section 5 (a) of 0.25 per cent, 


shall be made for each increase of ¥; in. of the specified thickness or diameter 
above 3 in. to a minimum of [16] 18 per cent for both the-structural [grade and 
18 per cent for] and the rivet steel and cold bending grades. 

Revision submitted, August, 1934. 


Tentative Revision! of Standard Specifications for Commercial Quality Hot-Rolled 


Bar Steels (A.S.T.M. Designation: A 107 — 33):* 
Section 5. (a).—Change from its present form: namely, 


5. (a) For bessemer steel a carbon determination shall be made of each melt; 
and determinations for manganese, phosphorus and sulfur, representing the average 
of the melts made in each twelve-hour period. 


to read as follows: 


5. (a) For bessemer steel an analysis of each melt shall be made for carbon and 
manganese; and determinations for phosphorus representing the average of melts 
made during each 8-hr. turn. For bessemer free-cutting steels the sulfur shall be 


determined for each melt. 
Revision submitted, June, 1935. 


Section 6 (a).—Change this section to read as follows by the addition 
of the italicized words and figures: 


6. (a) Analyses may be made by the purchaser from finished bars representing 
each melt of open-hearth steel, and each melt or lot of bars, of bessemer steel. The 
average chemical composition thus determined shall not vary from the limits specified 
more than 0.03 per cent over [or] and 0.02 per cent under in carbon for ranges up to 
9.80 per cent maximum, or more than 0.04 per cent over and 0.03 per cent under for car- 
bon ranges higher than 0.90 per cent maximum; 0.03 per cent over [or] and 0.02 per 
cent under in manganese; 0.005 per cent over in phosphorus; and (except on the free- 


culting steel grades) 0.005 per cent over in sulfur. 
' Revision submitted, June, 1935. 


Table I.—Change the table of chemical compositions of open-hearth, 
bessemer and screw-steel grades from its present form to read as shown in 
the accompanying Table I. 


Revision submitted, June, 1935. 


Table II.—Change the tabulated requirements for “Flats, Square- 
Edge and Round-Edge” shown in the present Table IL by deleting the 


column for flats 33; in. in thickness or under, and by changing the heading 
over the next column from ‘‘ Over 17; to 3, incl.” to read “4 to 3}, incl.” 
Revision subm tted, June, 1935. 
§ ' Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 260 
. Broad St., Philadelphia, Pa. 
*1933 Book of A.S.T.M. Standards, Part I. 


1.5 
SION, 
able 
eta 
pro- 
135, 

35, 
35, 
IS 
e 
| 
f, 
2608 


‘TENTATIVE REVISIONS OF A.S.T.M. STANDARDS 


TABLE I.—GRADES AND CHEMICAL COMPOSITIONS. 
(Revised Table I for both Specifications A 107 and A 108, with the exception as noted in Footnote 1) 


Grades Carbon, per cent Manganese, per cent | Phosphorus, per cent Sulfur, per cent 
Graves 
0.12 max 0.55 max 0.045 max. 0.055 max, 
0.05 to 0.15 0.30 to 0.60 0.045 max. 0.055 max. 
0.10 to 0.20 0.30 to 0.60 0.045 max. 0.055 max, 
0.10 to 0.20 0.70 to 1.00 0.045 max. 0.055 max. 
0.15 to 0.25 0.30 to 0.60 0.045 max. 0.055 max. 
0.15 to 0.25 0.70 to 1.00 0.045 max. 0.055 max, 
0.20 to 0.30 0.30 to 0.60 0.045 max. 0.055 max. 
0.20 to 0.30 0.70 to 1.00 0.045 max. 0.055 max, 
0.25 to 0.35 0.60 to 0.90 0.045 max. 0.055 max, 
0.30 to 0.40 0.60 to 0.90 0.045 max. 0.055 max. 
0.35 to 0.45 0.60 to 0.90 0.045 max, 0.055 max. 
0.35 to 0.45 0.40 to 0.70 0.045 max. 0.055 max. 
0.40 to 0.50 0.60 to 0.90 0.045 max. 0.055 max. 
Grade Designations to be 0.40 to 0.50 0.40 to 0.70 0.045 max. 0.055 max. 
Supplied 0.45 to 0.55 0.60 to 0.90 0.045 max. 0.055 max. 
0.45 to 0.55 0.40 to 0.70 0.045 max. 0.055 max. 
0.50 to 0.60 0.60 to 0.90 0.04 max. 0.055 max, 
0.50 to 0.60 0.90 to 1.20 0.04 max. 0.055 max. 
0.55 to 0.70 0.60 to 0.90 0.04 max. 0.055 max 
0.60 to 0.75 0.60 to 0.90 0.04 max. 0.055 max 
0.60 to 0.75 0.90 to 1.20 0.04 max. 0.055 max 
0.65 to 0.80 0.60 to 0.90 0.04 max. 0.055 max. 
0.70 to 0.85 0.60 to 0.90 0.04 max. 0.055 max 
0.75 to 0.90 0.60 to 0.90 0.04 max. 0.055 max 
0.80 to 0.95 0.60 to 0.90 0.04 max. 0.055 max 
0.85 to 1.00 0.60 to 0.90 0.04 max. 0.055 max. 
0.90 to 1.05 0.25 to 0.50 0.04 max. 0.055 max. 
Bessemer Grapes! 
Bessemer welding.............. 0.12 max. 0.60 max 0.11 max. 0.08 max 
Bessemer 15 to 25 carbon....... 0.15 to 0.25 0.90 max. SS, Geer 
Bessemer 25 to 35 carbon....... 0.25 to 0.35 0.90 max Saree, © ececcevenn 
Bessemer 35 to 50 carbon....... 0.35 to 0.50 0.90 max 
Free-Cottine Sree, Grapes 
- 0.08 to 0.16 0.60 to 0.90 0.09 to 0.13 0.10 to 0.20 
0.08 to 0.16 0.60 to 0.90 0.09 to 0.13 0.20 to 0.30 
0.10 to 0.20 0.70 to 1.00 0.045 max. 0.075 to 0.15 
0.15 to 0.25 0.60 to 0.90 0.045 max. 0.075 to 0.15 
Grade Designations to be 0.10 to 0.20 1.00 to 1.30 0.045 max. 0.075 to 0.15 
Supplied 0.10 to 0.20 1.30 to 1.60 0.045 max. 0.075 to 0.15 
0.25 to 0.35 1.35 to 1.65 0.045 max. 0.075 to 0.15 
0.30 to 0.40 1.35 to 1.65 0.045 max. 0 075 to 0.15 
0.35 to 0.45 1.35 to 1.65 0.045 max. 0.075 to 0.15 


1 These bessemer grades, which are the same as the existing requirements, apply only to Table I, appearing in Specifications 
A 107. There is no change from the present requirements for the 


Soft, carbon, 0.15 max.; manganese, 0.60 max.; and phosphorus, 0.11 max.” 


Tentative Revision' of Standard Specifications for Commercial Cold-Finished Bar 


semer grade in Specifications A 108 which read as follows 


Steels and Cold-Finished Shafting (A.S.T.M. Designation: A 108 - 33): 


Section 1 (a).—Change this section to read as follows by the addition 
of the italicized words and the omission of those in brackets: 


1. (a) These specifications cover commercial cold-finished bar steels of grades 
considered to be in common use, including cold-finished [bessemer screw stock and 
cold-finished open-hearth screw stock] free-cutting steels, also cold-finished shafting 
and commercial key stock. Revision submitted, June, 1935 

1 Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 26 


S. Broad St., Philadelphia, Pa. Wi 
21933 Book of A.S.T.M. Standards, Part I. 
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smooth finish after machining under proper conditions. 


to be retained without change. 7 


TABLE I PERMITTED ON CHECK ANALYSIS 


1383 


Section 2 (c).—Change this section to read as follows by the addition — : 


(c) The steel in [bessemer and open-hearth screw stock] the free-cutling steels 
shall be [free-cutting and] suitable for high-speed screw machine work, leaving a 


Revision submitted, June, 1935. 


| Table I.—Change the chemical compositions of the open-hearth grades 
and the screw-steel grades in this table to conform to those for the open- 
hearth grades and free-cutting steel grades shown in the accompanying 
Table I. The title and present requirements for the bessemer grade are 


Revision submitted, June, 1935. 


TABLE II.—VARIATIONS IN RANGES AND IN MAXIMUM LIMITS SPECIFIED IN 


Permissible 
Variations from 
Maximum Limit, 


| a Elements considered per cent 

| Under | Over 

Carbon, max. limits up to 0.02 0.03 
Carbon, max. limits over 0.60 to 0.03 0.06 
Manganese, max. limits over 0.90 to 1.20 per cent, incl................ccececeeeceeceeceteeeeeeecees 05 0.10 
Manganese, max. limits over 1.20 to 1.65 per cent, eee 0.10 0.15 

In all grades except free-cutting steel grades. 0.01 

mas Sulfur { In free-cutting steel grades sulfur shall not vary more than 0.01 per cent under the minimum per- 

centage specified. 

5 Revision submitted, June, 1935. | 

5 

5 

5 Tentative Revision' of Standard Specifications for Welded and Seamless Steel 

5 Pipe (A.S.T.M. Designation: A 53 — 33):? 

5 

: Section 1..-Add the following paragraph as Paragraph (b), lettering 

is the present section as Paragraph (a): 

LOWS: 

(b) Galvanized Pipe-—When pipe ordered under these specifications is to be 

Bar galvanized, the tension, flattening and bend tests shall be made on the base material 
before galvanizing, and the pipe will be galvanized and the coating tested in accordance 

‘ion with the Standard Specifications for Black and Hot-Dipped Zinc-Coated (Galvanized) 
Welded and Seamless Steel Pipe for Ordinary Uses (A.S.T.M. Designation: A 120 - 
34 T) of the American Society for Testing Materials.2| When specified, results of the 

ades physical tests of the base material shall be reported to the purchaser. 

and 

igs 5 By ctiticisms of this revision are solicited and should be directed to the Headquarters of the Society, 260 

ting ». Broad St., Philadelphia, Pa. 

+5 1933 Book of A.S.T.M. Standards, Part I. 

Hes  .Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 604 (1934); also 1935 Book of A.S.T.M. Tenta- 

260 ve Standards, p. 97. 


| 


Table II.—Change this table from its present form to read as follows: | 


¢ 
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Nore.—If impracticable to make the physical tests on the base material before 
galvanizing, such tests may be made on galvanized samples, and any flaking or 
cracking of the zinc coating shall not be considered cause for rejection. 

Revision submitted, June, 1934; Modified, June, 1935 


| Thickness 
Section 5 (a).—In the table of physical properties, appearing in this 
section, change the minimum elongation in 2 in. specified for the oper 
hearth or electric-furnace seamless low-carbon grade of pipe from the § «| 
present requirement of per cent” to read “35 per cent.’ 
Revision submitted, August, 1934, _ 0.0 
Tentative Revision' of Standard Specifications for Lap-Welded and Seamless Stee 
| and Lap-Welded Iron Boiler Tubes (A.S.T.M. Designation: A 83 - 34)? i1....(0.1 
Tables I and IT..—Change these tables from their present form to real J }-(}1 
as follows: 
TaBLe I.—StTaNpARD WEIGHTS OF LAP-WELDED AND SEAMLESS BOILER 
Sars Envs, Arca Tuses Larose Toses. Se 
| _ Weight, Ib. per ft. of Length italiciz 
Thickness 
Outside Diameter, i @) 
the nan 
im pout 
1} 1} 13 1} 2 2} 2} 2} 3 3} | 3} applied 
1.426 | 1.552 | 1.679 | 1.806 | 1.933 | 2.186] ... 
1.619 | 1.765 | 1.910 | 2.056 | 2.201 | 2.492 | 2.783 | 3.074] 3.365 | 3.657 | 3.48 
1.769 | 1.929 | 2.089 | 2.249 | 2.409 | 2.730] 3.050 | 3.371 | 3.691 | 4.011 | 4.32 
1.955 | 2.134 | 2.313 | 2.492 | 2.670 | 3.028 | 3.386 | 3.744 | 4.102 | 4.459 | 4.817 
2.137 | 2.335 | 2.532 | 2.730 | 2.927| 3.323 | 3.718| 4.113 | 4.508 | 4.903| 5.2% Tentat 
2.353 | 2.573 | 2.793 | 3.013 | 3.234 | 3.674 | 4.115 | 4.555 | 4.996 | 5.436 | 5.87 Ds 
2.538 | 2.778 | 3.018 | 3.258 | 3.499 | 3.979 | 4.460 | 4.941 | 5.421 | 5.902| 6.30 
2.812 | 3.083 | 3.354 | 3.625 | 3.896 | 4.438 | 4.980 | 5.522| 6.064 | 6.606 | 7.18 
| | | | 4.182 | 4.770 | 5.357 | 5.944] 6.532 | 7.119 | 7.7 T 
4.479 | 5.114 | 5.750 | 6.385 | 7.021 | 7.656 | 8.2% 
4.816 | 5.507 | 6.199 | 6.890 | 7.582 | 8.273 | 8.% laneou 
5.963 | 6.721 | 7.480 | 8.238 | 8.996 | 9.755 
6.248 | 7.049 | 7.850 | 8.651 | 9.452 | 10. and a 
a 
cation 
| In. | 32 | «4 | 44 | 5 | | | 5h |] 6 7 | 9 | 0 
0.134 | 5.175 | 5.533 | 6.248 | 6.964 | 7.322 | 7.500 | 7.679} 
| Bite 0.148 | 5.693 | 6.089 | 6.879 | 7.669 | 8.064 | 8.262 | 8.460 fe 
| Reape: 0.165 | 6.317 | 6.758 | 7.639 | 8.520 | 8.961 | 9.181 | 9.401 | 10.28 | 12.04 | 13.81 
arene 0.180 | 6.863 | 7.344 | 8.305 | 9.266 | 9.747 | 9.987 |10.23 | 11.19 | 13-11 | 15.03 | 16.96] ... 
. ay Senior 0. 7.690 | 8.232 | 9.316 |10.40 [10.94 |11.21 |11.48 | 12.57 | 14.74 | 16.90 | 19.07 | 21.2 
0.220 | 8.294 | 8.881 |10.06 {11.23 [11.82 |12.11 |12.41 | 13.58 | 15.93 | 18.28 | 20.63 | 2.8 
0.238 14.65 | 17.19 | 19.73 | 22.27 | 24.81 
; Nors.—Charcoal iron tubes are at present not available above 6 in. in outside diameter. 
1 Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, ture 
ae S. Broad St., Philadelphia, Pa. pre 


2 1934 Supplement to Book of A.S.T.M. Standards. _ 
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TABLE II.—STANDARD WEIGHTS OF SMALL SUPERHEATER TUBES. 


Seamuess 


A.S.T.M. STANDARDS 


Weight, Ib. per ft. of Length 

Thickness 

Outside Diameter, In, 
18....(0.049 10.3014 |0.3344 (0.3668 
17....(0.058 |0.3512 0.4287 
16....(0.065 |0.3888 |0.4325 |0.4755 
14.,../0.083 |0.4805 |0.5363 |0.5913 |0.6471 |0.7021 |0.7579 |0.8129) .... | .... 
13....10.095 |0.5377 |0.6017 |0.6646 |0.7285 (0.7914 |0.8553 |0.9182/1.045 |1.109 
12....{0.109 |0.6007 |0.6740 |0.7462 |0.8195 |0.8917 |0.9651 |1.037 |1.183 |1.256 
|0.6472 |0.7279 |0.8074 |0.8881 |0.9676 |1.048 [1.128 |1.288 |1.369 
10....(0.134 |0.7027 |0.7928 |0.8816 |0.9717 {1.060 |1.151 |1.239 |1.418 |1.508 
g....|0.148 [L149 [1.249 [1.347 |1.544 |1.644 
7.... {0.180 
6.... {0.208 


Section 17 (b).—Change to read as follows by the addition of the 
italicized words and the omission of the word in brackets: 
(b) On tubes less than 1} in. in diameter and on all tubes under 3 ft. in length, 


the name, [or] initials, or brand of the manufacturer, the grade and hydrostatic pressure 
in pounds at which it was tested shall be legibly stenciled or indicated on a sticker 


applied on each tube. 
Revision submitted, June, 1935. 


Tentative Revision' of Standard Specifications for Carbon-Steel Castings (A.S.T.M. 


Designation: A 27 — 24):? 


The Tentative Specifications for Carbon-Steel Castings for Miscel- 
laneous Industrial Uses (A 180-35 T)* are in effect a tentative revision of 
and are intended to replace when adopted the present Standard Specifi- 


cations A 27 — 24. 


Tentative Revision' of Standard Specifications for Carbon-Steel Castings for 
Valves, Flanges and Fittings for High-Temperature Service (A.S.T.M. 


Designation: A 95 — 33): 


Explanatory Note-——Change the Explanatory Note at the end of 


these specifications to read as follows: 


Note.—Allowable pressures and their corresponding allowable tempera- 
Higher temperatures with appropriate 
pressures may be used at the discretion of the designing engineer. 


tures are given in the following table. 


' Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 
260 S. Broad St., Philadelphia, Pa. 


*1933 Book of A.S.T.M. Standards, Part I. 
*See p. 568. 


= 
s 
1385 
efore 
ng or 
: 
1935, 
“this 
ypen- 
the 1} 13 | | 13 13 4 | 
Steel 172 |1.299 |1.363 |1.426 | 1.552 
328 |1.474 |1.547 |1.619 | 1.765 
448 |1.608 |1.689 |1.769 | 1.929 ; 
597 |1.776 |1.866 |1.955 | 2.134 ae 
742 |1.939 |2.039 |2.137 | 2.335 
912 |2.132 |2.243 |2.353 | 2.573 
3} 
3.448 
4.332 
4.817 
5.87 
6.38 
7.148 
8.201 
8.965 
9.755 
10.3 
| 
22.8 
| 48 
| 
| 
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| 
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TABLE I.—MaximuM SERVICE PRESSURES FOR POWER PIPING AND OIL PIPING at 
TEMPERATURES BELOW AND ABOVE 750 F. 


Primary Service Pressure Rating 


at 750 F.. Ib. per 0G. 100 300 400 600 900 1500 
Service TEMPERATURE, MAXIMUM SERVICE PRESSURES, LB. PER SQ. IN. 
DEG. FAHR. 
PowER PIPING AND PIPING 
230 500 670 1000 1500 2500 
180 420 560 840 1260 2100 
170 405 540 810 1215 2025 
iecntRnnaendeeeceeaaets 160 390 520 780 1170 1950 
150 375 500 750 1125 1875 
Dcitniderdebadacavevansns 140 360 480 720 1080 1800 
120 330 440 660 990 1650 
100 300 400 600 900 1500 
Power PIPING 
70 200 270 400 600 1000 

Vie 70 210 280 420 630 1050 
55 165 220 330 495 825 
40 120 160 240 360 600 


Reference may be made to the dimensional standards for hydraulic pressure 
ratings and corresponding temperatures formulated by the Sectional Committee 
on Standardization of Pipe Flanges and Fittings, under the procedure of the 
American Standards Association, A.S.A. Project B 16 and more specifically to 
the American Standard for Steel Flanged Fittings and Companion Flanges, 
B 16e-1932. Copies of this American Standard are obtainable from the 
American Standards Association or from the American Society of Mechanical 
Engineers, 29 West 39th St., New York City. 

Revision submitted, June, 1934; Modified, August, 1934. 
Tentative Revision' of Standard Specifications for Alloy-Steel Bolting Material 

for High-Temperature Service (A.S.T.M. Designation: A 96 — 33):? 

Section 16.—Change this section to read as follows by the addi- 
tion of the italicized words, the chemical requirements remaining 
the same: 

16. Bolts and studs shall be equipped with semifinished nuts of American 
Standard heavy dimensions, charnfered and trimmed. Nuts shall be made by 
the cold-punched or hot-forged, cold-trimmed process; nuts cut from drawn 
rolled bar stock shall not be permitted. If washers are used under nuts, they shall 

1 Criticisms of this revision are solicited and should be directed to the Headquarters of the Society: 


260 S. Broad St., Philadelphia, Pa. 
11933 Book of A.S.T.M. Standards, Part I. 
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be of forged or rolled steel. All nuts and washers shall be free from injurious 
defects and shall have a workmanlike finish. Nuts shall conform to the chemical 
requirements for phosphorus and sulfur as follows: 

Revision submitted, June, 1934. 


Section 17.—Change this section to read as follows by the addition 
of the italicized words: 

17. American National Standard coarse screw threads shall be used, except 
that no stud or bolt shall have less than eight threads per inch. 


Revision submitted, June, 1934. 


Explanatory Note.—Make the same change in the Explanatory 
Note, appearing at the end of these specifications, as is recommended 
in the Explanatory Note of Specifications A 95 — 33, above. 


Tentative Revision' of Standard Specifications for Forged or Rolled Steel Pipe 

Flanges for High-Temperature Service (A.S.T.M. Designation: 

A 105 — 33):? 

Class A Flanges.—Delete from these specifications all require- 
ments for Class A flanges. This deletion will require adjustment of 
the following sections: 1 (6), 5 (a) and (6), 6 (a) and (0), 9 (a) and 
Explanatory Note 2. In order to avoid the inconsistency of having 
Classes B and C referred to with no Class A, redesignate the two 
remaining classes of flanges as Classes I and IT. 


Revision submitted, June, 1934. 
Explanatory Note-—Make the same change in the Explanatory 


Note 1, appearing at the end of these specifications, as is recommended 
in the Explanatory Note of Specifications A 95 — 33, above. 


Tentative Revision! of Standard Specifications for Chilled Cast-Iron Wheels 
(A.S.T.M. Designation: A 46 —24):? 


The Tentative Specifications for Chilled-Tread Cast-Iron Wheels 
(A 46 - 30 T)* are in effect a tentative revision of and are intended to 
replace when adopted the present Standard Specifications A 46 — 24. 


Tentative Revision! of Standard Specifications for Wrought-Iron Plates 
(A.S.T.M. Designation: A 42 —- 30):? 


The Tentative Specifications for Wrought-Iron Plates (A 42 - 


34 T)* are in effect a tentative revision of and are intended to replace 


when adopted the present Standard A 42 — 30. 


' Criticisms of this revision are solicited and sliould be directed to the Headquarters of the Society, 


260 S. Broad St., Philadelphia, Pa. 

* 1933 Book of A.S.T.M. Standards, Part I. 

* Proceedings, Am. Soc. Testing Mats., Vol. 30, Part I, p. 976 (1930); also 1935 Book of A.S.T.M. 
Tentative Standards, p. 256. 
Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 648 (1934); also 1935 Book of A.S.T.M. 
Tentative Standards, p. 220. 
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Tentative Revision' of Standard Specifications for Common Iron Bars (A.S.T.M. 1 
Designation: A 85 — 27): for lo 
Section 11 (b).—Change to read as follows by the addition of the factu 

italicized words and figure and the omission of the words in brackets: ) 
(b) If any [test specimen from the bar] of the specimens originally selected to 

represent a lot of material contains surface defects not visible before testing but to re 

visible after testing, or if a tension test specimen fails to meet the physical require. | 

ments of Section 4 and breaks outside the middle third of the gage length, as indicated as de 

by scribe scratches marked on the specimen before testing, the individual [bar] specimen ( 

shall be rejected and one retest from a different bar will be allowed. 

Revision submitted, June, 1935 

Tentative Revision: of Standard Specifications for Refined Wrought-Iron Bars 
(A.S.T.M. Designation: A 41 - 30):* lette 
Section 9 (b).—-Change to read as follows by the addition of the italicized s 

words and figure and the omission of the words in brackets: ee 

(b) If any [test specimen from the bar] of the specimens originally selected to die 

represent a lot of material contains surface defects not visible before testing but the 5 

visible after testing, or if a tension test specimen fails to meet the physical requirement Sones 


of Section 2 and breaks outside the middle third of the gage length, as indicated by 
scribe scratches marked on the specimen before testing, the individual [bar] specimen Tent 
shall be rejected and one retest from a different bar will be allowed. 


Revision submitted, June, 1935. 


Tentative Revision' of Standard Specifications for Staybolt, Engine-Bolt and Other  cizec 

High-Grade Wrought-Iron Bars (A 84 — 33): 

Section 7 (a).—-Change to read as follows by the addition of the mate 
italicized words and the omission of the words and figures in brackets: . : 

rea 

7. (a) Grade A.—For bars ] in. in diameter or under, a reduction in the minimum pee 
elongation in 8 in. specified in Section 6 (a) shall be permitted, but in no case shall the er 
elongation be less than 28 per cent. [For bars } in. or under in diameter, the elonga- 
tion shall not be less than 25 per cent.| Revision submitted, June, 1935. Ten 

Section 11 (b).—Change to read as follows by the addition of the itali- pis 
cized words and figure and the omission of the words in brackets: 

(b) If any [test specimen from the bars] of the specimens originally selected to corr 
represent a lot of material contains surface defects not visible before testing but wit 
visible after testing, or if a tension test specimen fails to meet the physical requirements ™ 
of Section 6 and breaks outside the middle third of the gage length, as indicated by | 
scribe scratches marked on the specimen before testing, the individual [bar] specimen 
shall be rejected and one retest from a different bar will be allowed. reac 

Revision submitted, June, 1935. 
Tentative Revision' of Standard Specifications for Wrought-Iron Rolled or Forged refer 

Blooms and Forgings for Locomotives and Cars (A.S.T.M. Designation: betw 

A 73 — 30):? an a 

Title-—Omit the words ‘for Locomotives and Cars” from the title. = 

Section 1.—Change from its present form: namely, sai 

Toa 

1 Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 260 : 
S. Broad St., Philadelphia, Pa. . 

21933 Hook of A.S.T.M. Standards, Part I. OS _ ‘ 
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1. These specifications cover two classes of wrought-iron blooms and forgings 
for locomotives and cars, as determined by the kind of material used in their manu- 


Class A, as defined in Section 2 (a); —- 
Class B, as defined in Section 2 (6). pa oO 


to read as follows: 


1. These specifications cover two classes of wrought-iron blooms and forgings 
as determined by the kind of material used in their manufacture: namely, 
Class A.—For locomotives, railroad cars and miscellaneous uses. 
Class B.—For miscellaneous uses other than locomotive and railroad cars. 
Revision submitted, June, 1935, 


Section 9.—Add the following paragraph as a new Paragraph (0), 
lettering the present paragraph as Paragraph (a): 

(b) If any of the specimens originally selected to represent a lot of material con- 
tains surface defects not visible before testing but visible after testing, or if a tension 
test specimen fails to meet the physical requirements of Section 6 and breaks out- 
side the middle third of the gage length, as indicated by scribe scratches marked on 
the specimen before testing, the individual specimen shall be rejected and one retest 
from a different bloom or forging will be allowed. Revision submitted, June, 1935. 


Tentative Revision! of Standard Specifications for Hollow Rolled Staybolt Iron 
(A.S.T.M. Designation: A 86 — 35):? 


Section 10 (b).—Change to read as follows by the addition of the itali- 
«cized words and figure and the omission of the words in brackets: 


(b) If any of the [samples] specimens originally selected to represent a lot of 
material contains surface defects not visible before testing but visible after testing, 
or if a tension test specimen fails to meet the physical requirements of Section 5 and 
breaks outside the middle third of the gage length, as indicated by scribe scratches 
marked on the specimen before testing, the individual [sample] specimen shall be rejected 
and one retest from a different bar or bolt will be allowed. 

Revision submitted, June, 1935. 
Tentative Revision' of Standard Methods of Test for Magnetic Properties of Iron 
and Steel (A.S.T.M. Designation: A 34-33): 


Section 1.—Change the definitions which appear in this section to 
correspond to the definitions given in the Tentative Definitions of Terms, 
with Units and Symbols, Relating to Magnetic Testing (A 127 - 35 T).4 


Revision submitted, June, 1935. 


Section 2 (d).-Omit from this section the last two sentences, which 
read as follows: 


When the material is to be used with the flux at approximately 45 deg. with 
reference to the direction of rolling of the sheets, it is permissible by mutual agreement 
between the manufacturer and purchaser to make permeability tests of strips cut on 
an angle of 45 deg. to the direction of rolling. (Only one type of strip will then be 
necessary for such tests.) 

* Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 260 S. 
Broad St., Philadelphia, Pa. 

. 1935 Supplement to Book of A.S.T.M. Standards. 


*1933 Book of A.S.T.M. Standards, PartI. 
‘See p. 726, 
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Add the following note at the end of the revised Section 2 (d): 


Note.—When the material is to be used with the flux in any one direction with 
respect to the direction of rolling or has preferred properties in any one direction with 
respect to the direction of rolling, strips may be cut in a specified direction if there is 
mutual agreement between manufacturer and purchaser. (Only one type of strip 


will then be necessary for such tests.) 
Revision submitted, June, 1935, 


Section 5 (c).—Change this section to read as follows by the addition 
of the italicized words and the omission of those in brackets: 


(c) For permanent magnet steel, the residual induction and coercive force shall 
be determined from the maximum normal induction corresponding to a magnetizing 
force of 300 oersteds, unless from a maximum magnetizing force of 300 oersteds the 
coercive force is 100 oersteds or more, in which case [the maximum magnetizing force 
shall be 1000 oersteds] a higher maximum magnetizing force shall be used as agreed upon 


by the manufacturer and purchaser. 
Revision submitted, June, 1935. 


Section 6.—Add the following paragraphs to this section as Paragraphs 
(g) and (h): 


(g) The Simplex Super-H Adapter ——This type of apparatus is suitable for tests 
at magnetizing forces between 100 and 2500 oersteds. 
(hk) Saturation Permeameter.—This type of apparatus is suitable for tests at 


_ magnetizing forces between 100 and 2500 oersteds. 
= Revision submitted, June, 1935. 


Section 10 (a).—Add the following note at the end of this paragraph: 


Note.—It is permissible by mutual agreement between the manufacturer and 
purchaser to cut test specimens other than as specified above with respect to the 
direction of rolling. This should be done in accordance with the Note appearing in 
Section 2 (d). It must always be specifically stated when tests are so made. 

: Revision submitted, June, 1935. 


Sections 18 and 20.—Add the following sentences to Paragraph ()) 
of these sections: 
The magnetic properties of certain materials are known to drift to an appreciable 


extent with time after demagnetization. This characteristic should be taken into 


account when specifying test procedure. ; 
Revision submitted, June, 1935. 


Tentative Revision' of Standard Definitions of Terms, with Units and Symbols, 
Relating to Magnetic Testing (A.S.T.M. Designation: A 127— 
The Tentative Definitions of Terms, with Units and Symbols, Relating 
to Magnetic Testing (A 127-35 T)* are in effect a tentative revision 0! 
and are intended to replace when adopted the present Standard Definitions 
A 127 - 34. 


1 Criticisms of this revision are solicited and should be directed to the Headquarters of the 
Supplement to Book of A.S.T.M. Standards. 
p. 726. 
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Tentative Revision' of Standard Specifications for Bare Concentric-Lay Copper — 

Cable: Hard, Medium-Hard or Soft (A.S.T.M. Designation: B 8 - 27):? 

The Tentative Specifications for Bare Stranded Copper Cable: Hard, 
Medium-Hard or Soft (B 8-35 T)* are in effect a tentative revision of 
tip § and are intended to replace when adopted the present Standard Specifi- 

cations B 8 27. 


Tentative Revision' of Standard Specifications for Bronze Trolley Wire (A.S.T.M. 7 
ion Designation: B 9 — 32):? 

The Tentative Specifications for Bronze Trolley Wire (B 9-35 T)* 
hall § are in efiect a tentative revision of and are intended to replace when adopted 
ing the present Standard Specifications B 9 — 32. 
orce Tentative Revision' of Standard Specifications for Copper Trolley Wire (A.S.T.M. 
pon Designation: B 47 — 32):? 

5, Fig. 1.—Replace the illustration now appearing in the specifications 

which shows permissible variations in the dimensional requirements of the 

standard sections of grooved trolley wire, by the accompanying Fig. 1.° 

Tentative Revision' of Standard Specifications for Slab Zinc (Spelter) (A.S.T.M. 7 
Designation: B 6 — 33):? 

: at Section 1.—-Change to read as follows by the addition of the italicized © 

words and the omission of those in brackets: 


1. These specifications cover [Virgin Spelter, that is,] slab zinc (spelter) made 
1: from ore or [similar raw] other material by a process of [reduction and] distillation or 
by electrolysis, and not produced [from reworked metal] by “sweating” or remelting 


and of secondary zinc, in six grades, as follows: 
the Special High Grade 
(1) High Grade 
(2) Intermediate 4 

(3) Brass Special 
(b (4) Selected 

(5) Prime Western 

Revision submitted, June, 1935. 

i. Section 2.—Change to read as follows by the omission of the words in 
brackets: 
35. 2. A brand shall be cast in each slab by which the maker [and grade] can be 
bols, identified. Revision submitted, June, 1935. 


Section 4.—In the table of requirements as to chemical composition 
ting change the lead content for Special High Grade Zinc (Grade 1a) from 
nof § 9.010 per cent” to read ‘0.007 per cent”; also change the iron content 
ions § ‘or High Grade Zinc (Grade 1) from “0.03 per cent” to read ‘0.02 per cent.” 


Revision submitted, June, 1935. 


Bron’ of of revision are solicited and should be directed to the of the Society, 260 


a, Pa. 
Book ASTM. Standards, Part I. 


p. 74: 
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Section 8.—Change to read as follows by the addition of the italicized 
words: 

8. Where the slab zinc (spelter) satisfies the chemical and physical requirements 
of these specifications, it shall not be condemned for defects in manufacturing, for 


defects of alloys in which it is used, or for defects in the coating of galvanized products, 
Revision submitted, June, 1935, 


Tentative Revision' of Standard Specifications for Sand Castings of the Alloy: 
4 Copper 88 per cent; Tin 8 per cent; Zinc 4 per cent (A.S.T.M. Designa- 
tion: B 60 28): 

Title——Omit the word “Sand” from the title. 
Section 1.—Add to the scope clause the following sentence as a 

new Paragraph (c): 


(c) It is recommended that this alloy shall not be used where castings 
are subjected to a temperature exceeding 260 C. (500 F.). 


Section 3 (a).—Change the table of requirements as to chemical 
composition to read as follows by the addition of the italicized figures 
and the omission of those in brackets: 


DESIRED MINIMUM MAXIMUM 
88.00 86.00 89.00 
0.30 
4.00 1.50 4.50 
{[Aluminum, per cent].............. [mone] ...... [none] 
[Antimony, per cent].............. [none] ...... [0.25] 
[Total other impurities, percent]... [none]  ...... [0.15] 


Section § (a).—Change the table of requirements as to tensile 
properties to read as follows by the addition of the italicized figures 
and the omission of those in brackets: 


Tensile strength, Ib. per sq. in..............-.20008: 38 000 [35 000} 
16 000 [15 000} 


Revision submitted, August, 1934. 


Tentative Revision! of Standard Specifications for Composition Brass or Ounce 
Metal Sand Castings (A.S.T.M. Designation: B 62 — 28):? 
Title—Omit the word “Sand” from the title. 
Section 3 (a).—Change the table of requirements as to chemical 
composition to read as follows by the addition of the italicized figures 
and the omission of those in brackets: 


' Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 
260 S. Broad St., Philadelphia, Pa. 
21933 Book of A.S.T.M. Standards, Part I. 


) 
| 
A. 


TENTATIVE REvisions OF A.S.T.M. STANDARDS 1393 
cized 
DESIRED MINIMUM MaxXImuM 
f, tor 5.00 6.00 
duct 5.00 4.00 6.00 
1935. [none] ...... 0.25 
1a- Phosphorus, per cent.............. [none] ...... 0.05 
{Aluminum, per cent].............. [none] 
[Total other impurities, per cent]... ...... [0.15] 
Section 5 (a).—Change the table of requirements as to tensile 
ngs properties to read as follows by the addition of the italicized figures 
and the omission of those in brackets: 
cal Tensile strength, Ib. per sq. in..................-00- 30 000 [26 000} 
Revision submitted, August, 1934. 
Tentative Revision' of Standard Specifications for Steam or Valve Bronze 
Sand Castings (A.S.T.M. Designation: B 61 — 28):? 
Title—Omit the word “Sand’’ from the title. 
Revision submitted, August, 1934. 
Section 3 (a).—Change the requirements as to chemical composi- 
tion from their present form: namely, 
DESIRED MINIMUM MAXIMUM © 
Copper, per 88.00 86.00 91.00 
6.50 6.00 7.00 
4.00 remainder remainder 
0.05 
Aluminum, per cent............... ee none 
Total other impurities, in addition 
4, to those specified above, percent... ...... 0.15 
nce to read as follows: 
cal . 1.5 to 2.0 


Revision submitted, August, 1934. 
! Criticisms of this revision are solicited and should be directed to the Headquarters of the Society. 


260 S. Broad St., Philadelphia, Pa. 
* 1933 Book of A.S.T.M. Standards, Part I. 
P I—g9 
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Section 5 (a).—Change the table of requirements as to tensile 
properties to read as follows by the addition of the italicized figures 
and the omission of those in brackets: 


Tensile strength, Ib. per sq. in..................005- 34 000 [32 000] 
16 000 
22 [17] 


Revision submitted, August, 1934, 


Tentative Revision! of Standard Methods of Chemical Analysis of Brass Ingots 
and Sand Castings (A.S.T.M. Designation: B 45 - 27):? 


The Tentative Method of Determination of Phosphorus in 
Copper-Base Alloys in Ingot Form for Sand Castings (B 45 - 33 T)® 
is in effect a tentative revision of and is intended when adopted to 
be incorporated in the present Standard Methods B 45 — 27. 


Tentative Revision' of Standard Specifications for Quicklime for Structural 
Purposes (A.S.T.M. Designation: C 5 26):4 
The Tentative Specifications for Quicklime for Structural Pur- 
_ poses (C 5 — 34 T) are in effect a tentative revision of and are intended 
to replace when adopted the present Standard C 5 — 26. 
Tentative Revision' of Standard Specifications for Hydrated Lime for Struc- 
tural Purposes (A.S.T.M. Designation: C 6-31): 
The Tentative Specifications for Hydrated Lime for Structural 
Purposes (C 6-34 T)® are in effect a tentative revision of and are 
intended to replace when adopted the present Standard C 6 - 31. 


Tentative Revision' of Standard Specifications for Concrete Sewer Pipe (A.S.T.M. 


Designation: C 14 — 35):* 
Section 1.—Add the following footnote: 


Caution.—The consumer or purchaser is cautioned against using cement-concret 


pipe where the sewage shows an acid reaction. 


Revision submitted, June, 1924 


Tentative Revision! of Standard Specifications for Fireclay Brick for Marine 

Boiler Service (A.S.T.M. Designation: C 65 — 28):* 

These specifications contain requirements for softening point of 
clay refractories. Since this property of fire clay, fire brick and silica 
cement is now known as pyrometric cone equivalent it is proposed 
that the term “softening point” as it appears in these specifications 
be changed to read ‘‘pyrometric cone equivalent.” 

Revision submitted, June, 1933. 


1 Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 


260 S. Broad St., Philadelphia, Pa. 
2 1933 Book of A.S.T.M. Standards, Part I. 


3 Proceedings, Am. Soc. Testing Mats., Vol. 33, Part I, p. 638 (1933); also 1935 Book of A.S.T.M. 


Tentative Standards, p. 323. 
41933 Book of A.S.T.M. Standards, Part II. 


A.S.T.M. Tentative Standards, pp. 443, 446. 
$1935 Supplement ¢ to Book of A.S.T.M. Standards. 


5 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, pp. 749, 752 (1934); also 1935 Book of 
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. 
Tentative Revision! of Standard Specifications for Building Brick (Made: from Clay 
or Shale) (A.S.T.M. Designation: C 62 — 30):? 


The Tentative Specifications for Building Brick (Made from Clay or 
Shale) (C 62-35 T)* are in effect a tentative revision of and are intended 
to replace when adopted the present Standard Specifications C 62 — 30. 


Tentative Revision' of Standard Methods of Testing Brick (Compression, Flexure, 
Absorption) (A.S.T.M. Designation: C 67 - 31):? 


The Tentative Methods of Testing Brick (Modulus of Rupture, 
Compressive Strength, Absorption) (C 67 - 35 T)‘ are in effect a tentative 
revision of and are intended to replace when adopted the present Standard 
Methods C 67 - 31. 


Tentative Revision! of Standard Method of Test for Refractory Materials 
Under Load at High Temperatures (A.S.T.M. Designation: C 16 -20):? 


Section 2 (d).—Add the following as a second paragraph of the 
present Paragraph (d): 


If the optical pyrometer is used, observations shall be made by sighting 7 
into a refractory tube having a closed end in the same relative position to the 
test specimen as that specified for the thermocouple. 

Revision submitted, June, 1933. 


Tentative Revision! of Standard Method of Test for Sieve Analysis of Aggregates 
for Concrete (A.S.T.M. Designation: C 41 — 33): 


Section 2 (b).—-Change to read as follows by the addition of the italicized 
word and figures and the omission of the word and figures in brackets: 


(b) Coarse aggregate, or a mixture of fine and coarse [aggregates] aggregate, 
weight in grams [3000] 10,000 times the size of the largest sieve required, measured 
in inches. 

Revision submitted, June, 1935. 


Section 5 (a).—Change from its present form: namely, 


5. (a) The sample shall be separated into a series of sizes by means of the sieves 
specified in Section 4. Sieving shall be continued until not more than 1 per cent by 
weight of the residue passes any sieve during 1 min. 


to read as follows: 


5. (a) The sample shall be separated into a series of sizes by means of the sieves 
pecified in Section 4. The sieving operation shall be conducted by means of a lateral 
and vertical motion of the sieve, accompanied by jarring action so as to keep the 
ample moving continuously over the surface of the screen. In no case shall frag- 
ments in the sample be turned or manipulated through the screen by hand. Sieving 
shall be continued until not more than 1 per cent by weight of the residue passes any 
sieve during 1 min. On that portion of the sample retained on the No. 4 sieve, the 
ve described procedure for determining thoroughness of sieving shall be carried 


' Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 260 


Broad St., Philadelphia, Pa. 
1933 Book of A.S.T.M. Standards, Part IJ. 
p. 788, 
‘See p. 791. 
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out with a single layer of material. When sieving machines are used, their thorough. 
ness of sieving shall be tested by using hand methods of sieving as above described, 


Note.—When samples of fine aggregate contain more than 2 per cent silt, it j 
recommended that the Tentative Method of Test for Amount of Material Finer than 
No. 200 Sieve in Aggregates (A.S.T.M. Designation: C 117-35 T) of the Americar 
Society for Testing Materials* be made prior to and on the same sample as the sieve 
analysis. 

Revision submitted, June, 1935, 


Tentative Revision! of Standard Method of Test for Determination of Voids in Fine 
Aggregate for Concrete (A.S.T.M. Designation: C 30-22): 
The Tentative Method of Test for Determination of Voids in Coarse 
Aggregates (C 30-35 T)* is intended to be included, when adopted, with 
the present Standard Method C 30 — 22. 


Tentative Revision' of Standard Definitions of Terms Relating to Sewer Pipe 
(A.S.T.M. Designation: C 8 — 24):? 


The Tentative Definitions of Terms Relating to Clay Sewer Pipe 
(C 8-35 T)‘ are in effect a tentative revision of and are intended to replace 
when adopted the present Standard Definitions C 8 — 24. 


Tentative Revision' of Standard Definitions for Fireclay Refractories (A.S.T.M. 
Designation: C 27 — 35):5 


_ Add the following new definition: 


Super Duty Fire-Clay Brick.—The Pyrometric Cone Equivalent of super duty 
fire-clay brick shall not be lower than that of Standard Pyrometric Cone No. 33, 
when tested on the fired product. The alumina content shall be not less than 40 per 
cent. In the panel spalling test, these brick shall not lose more than 1.0 per cent 
In the test for permanent linear change after reheating, schedule C, the brick shal 


not show more than 0.5 per cent shrinkage. 
Revision submitted, June, 1935. 


Tentative Revision! of Standard Definitions of Terms Relating to Refrac- 
tories (A.S.T.M. Designation: C 71 — 35):5 


Several definitions of terms published under the title “Tentative 
: Definitions of Terms Relating to Refractories (C 71-35 T)’” are 
intended to be added when adopted to the present Standard Defini- 

tions C 71-35. 


_ Tentative Revision' of Standard Definitions of Terms Relating to the Gypsum 
Industry (A.S.T.M. Designation: C 11 -— 28):? 


Several definitions of terms published under the title ‘‘Tentative 


_ Definitions of Terms Relating to the Gypsum Industry (C 11 - 31 T)”” 


1 Criticisms of this revision are solicited and should be directed to the Headquarters of the Socitti 
260 S. Broad St., Philadelphia, Pa. 
21933 Book "of A.S.T.M. Standards, Part II. 
3 See p. 846. 
4 See p. 829. 
5 to Book of A.S.T.M. Standards. 
p. 8 
ee, Testing Mats., Vol. 31, Part I, p. 749 (1931); also 1935 Book of A.S.T.M. Testé 
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are intended to be added when adopted to the present Standard - 
Definitions C 11 — 28. 


Tentative Revision! of Standard Definition of the Term Sand (A.S.T.M. 
Designation: C 58 — 28):? 

_ The Tentative Definition of the Term Aggregate (C 58 - 28 T)® 
is intended to be included, when adopted, with the present Standard 
Definition C 58 — 28. 

Tentative Revision' of Standard Specifications for Raw Tung Oil (A.S.T.M. Desig- 
nation: D 12 - 33):? 
Section 1.—In the table of properties and tests change the requirement 

for specific gravity from its present form: namely, 


MAXIMUM 
Sestific Geavity at 15.5°/15.5° 0.943 0.9400 
to read as follows: 
Specific Gravity at 15.5/15.5 0.943 0.940" 


* For American grown tung oil the minimum specific gravity may be as low as 0.938. 
Revision submitted, June, 1935. 


Section 3.—Change the descriptions of the heating test and the quality 
test described in Paragraphs (d) and (2), respectively, from their present 
form to read as follows: 


(h) Heating Test.—The test tubes for the oil shall be 15 cm. by 16 mm., with a 
mark near the bottom to indicate 5 ml. Each tube shall be closed by a cork so per- 
forated that a glass rod 3 mm. in diameter may be moved freely. The tubes shall 
each weigh 14.5 + 2.0 g. (The purpose of this requirement is to control the wall 
thickness.) 

Fill a 1000-ml. tall-form glass beaker (height 19 cm., diameter about 9 cm.) with 
cottonseed oil or other suitable oil to a height of 11 cm. Place the thermometer as 
shown in Fig. 1 so that the bottom will be level with the bottoms of the test tubes. 

Use a nitrogen-filled, chemical thermometer, engraved stem, total length 4 to 
4} in., graduated from 210 to 310 C. in 2 C. intervals; the length between 210 and 
310 C. not less than 2} in. Thermometer glass shall be well annealed. This ther- 
mometer may be suspended in the bath by a wire or may be sealed to a glass rod as 
shown in Fig. 1. 

When the bath temperature is 293 C. (560 F.) and very slowly rising at this 
point, place the tube containing 5 ml. of the oil to be tested and the tube containing 
5 ml. of a control sample of known value into the large holes of the cover. Note the 
time. Remove the source of heat for about 45 sec. and then re-apply. Before 2 
min. have elapsed the temperature of the bath will have fallen to 282.2 C. (540 F.), at 
which point it should be kept as steady as possible. When the samples have been 
in the bath 9 min. raise the glass rods at intervals of 15 sec. Note the time when 
each sample becomes firmly set. At this period the oil will be so stiff that the entire 


' Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 260 S. 
Broad St., Philadelphia, Pa. 
* 1933 Book of A.S.T.M. Standards, Part II. 
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tube may be lifted by aid of the rod. As setting or jellying takes place within a few 
seconds of fluidity, a good end point is afforded. Remove the samples. Heat the 
bath again to 293 C. (560 F.), and repeat the experiment with fresh portions of the 
sample. 

No stirrer is used in the bath. A screen around the bath enables the tempera- 
ture to be reached more easily. When the bath oil has become tarry and viscid, it 
should be renewed; otherwise heating may be irregular. 


> 


| 
-/9¢m------ 


= 5ml. of 
Tung Oil 


A. 1000-ml. tall-form beaker, 9 cm. in diameter by D. Test tubes 15 cm. by 16 mm. 


19 cm. in height. 
B. Support plate about 6.5 cm. wide, made of . Thermometer, range 210 to 310 C. 


E 
Monel metal, aluminum or stainless steel. F. Glass rods 3 mm. in diameter. 
C. Corks. G. Guide to prevent cover from slipping. 


Fic. 1.—Tung Oil Heating Test Apparatus (Revised, 1935). 


(i) Quality Test.\—The apparatus required for this test consists of an ordinary 
vitreous enameled iron casserole having a bottom diameter of 7.5 cm. (3 in.); a wide 
flange tripod with a 7.5-cm. (3-in.) opening (the object of the flange is to prevent 
super-heating of the sides of the casserole); a total-immersion chemical thermometer, 
range 30 to 300 C. and 14 to 15 in. in length. 

Put into the casserole 150 g. of the oil and heat so that the temperature reaches 
282.2 C. (540 F.) in 4 min. +30 sec., stirring with the thermometer. Turn down the 
flame and hold the heat as near 282.2 C. #1 C. (540 F. + 2 F.) as possible, stirring wita 
the thermometer, until on lifting the latter, the oil drops with a pronounced string, 


4 Based on Worstall test. 
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showing that polymerization has started. The time required after reaching 282.2 C. 
(540 F. + 2 F.) until the string is noted, is the time of the heat test. For pure tung 
oils this will not exceed 8 min. As soon as the oil strings, remove the lamp and the 
thermometer, and stir with a stiff spatula until the oil is solid. After stringing, a 
pure tung oil will require not over 40 sec. more to become solid. When solid, allow 
to stand just 1 min., then turn out, upside down, on clean paper and cut at once 
with a clean spatula. 

Pure tung oil gives a gel that is dry, not adhering to the spatula when cut, that 
is firm, crumbling under pressure of the spatula without sticking, and the cut portions 
should crumble under pressure like dry bread crumbs. Adulterated tung oil gives 
a gel that is soft, sticky, and which will not crumble. 

Revision submitted, June, 1935. 
Tentative Revision! of Standard Specifications for Amyl Acetate (Synthetic) 
(A.S.T.M. Designation: D 318 — 33):? 


The Tentative Specifications for Amyl Acetate (from Fusel Oil) 
(85 to 88 per cent Grade) (D 318 — 34 T)? are intended to be included, 
when adopted, with the present Standard D 318 - 33. 


Tentative Revision' of Standard Methods of Testing Oleo-Resinous Varnishes 
(A.S.T.M. Designation: D 154 — 28):? 


The Tentative Methods of Testing Oleo-Resinous Varnishes (Skinning 
Test, Alkali Resistance, Acid Number (D 154-35 T)‘ are in effect a tenta- 
tive revision of and are intended to replace when adopted the present 
Standard Methods D 154 - 28. 


Tentative Revision! of Standard Methods of Routine Analysis of Yellow and Orange 
Pigments Containing Chromium Compounds, Blue Pigments and Chrome 
Green (A.S.T.M. Designation: D 126 35):? 


Secltton 26.—Change this section to read as follows by the addition of 
the italicized words and figures and the omission of those in brackets: 


25. The percentage of Prussian blue may be obtained with sufficient accuracy 
for commercial purposes by multiplying the percentage of nitrogen by [4.4] 3.404 or 


the percentage of [iron (in the absence of other iron pigments) by 3.03] ammonia 
by 2.8. 


Revision submitted, June, 1935. 


Tentative Revision' of Standard Methods of Routine Analysis of White Linseed 
Oil Paints (A.S.T.M. Designation: D 215 — 35):? 


Nature of the Thinner.-Add the following paragraph at the end of 
this section : 


When the amount of turpentine in the thinner is small so that its presence is 
questionable, it may be detected by placing two drops of the distillate and 2 to 3 ml. 


f chloroform in a dry test tube and adding one drop of antimony pentachloride. A — 


low or slight change in color will indicate the absence of turpentine. A rapid change 


' Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 260 
. Broad St., Philadelphia, Pa. 


21933 Bool: of Standards, Part 


II. 
* Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 878 (1934); also 1935 Book of A.S.T.M. Tenta- 
ive Stands ards, p. 676. 


*See p. 887, 
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in color to a dark red or purple will indicate the possibility of turpentine. The iodine 


| - number for turpentine by the Wijs method under these conditions is approximately shal 
; 340. An iodine number of 20 or over will give additional proof of the presence of less 
- - turpentine and enable calculation of the approximate amount. sam 
Revision submitted, June, 1935. liqu 
. Tentative Revision' of Standard Definitions of Terms Relating to Paint 
Specifications (A.S.T.M. Designation: D 16 — 24):* wel; 

min 


Add the following three new definitions of terms: aa 


Screen (Sieve).—A plate or sheet or a woven cloth, or other device, with 
regularly spaced apertures of uniform size, mounted in a suitable frame or mre 


holder, for use in separating material according to size. - 
Note 1.—The shape and spacing of apertures, size of wires or threads, 

, thickness of plate or sheet, allowable variations and similar properties in | 
should be taken care of in specifications. 

, Norte 2.—In mechanical analysis testing work, when not otherwise eac 

a specified, the term “sieve” shall apply to an apparatus in which the obt 

apertures are rectangular, and the term “screen” shall apply to an diff 
apparatus in which the apertures are circular. of « 

ist 


Toughness.—That quality of a material which may be measured by the 
maximum impact which it will withstand without rupture. 


: Elasticity —In the case of paint or varnish, that property which allows a Ter 
film to follow, without rupture, changes in the extent and form of the surface 
to which it is applied. 
Revision submitted, June, 1925; Modified, June, 1928. i 
Tentative Revision' of Standard Method of Test for Distillation of Crude Petroleum the 
(A.S.T.M. Designation: D 285 - 33)? ond 


Section 4.—Change to read as follows by the addition of the italicized 
words and figures and the omission of those in brackets: 
4. Thermometer.—The A.S.T.M. Low-Distillation Thermometer, conforming to th 
the requirements specified in Section 6 (a) of the Standard Method of Test for Dis- 
tillation of [Natural] Gasoline, Naphtha, Kerosine, and Similar Petroleum Products 
(A.S.T.M. Designation: D [216] 86) of the American Society for Testing Materials 
shall be used. 


Revision submitted, June, 1935. 


Section 9.—Change Paragraphs (a) and (d) of this section and the 


the 
_ footnote to read as follows by the addition of the italicized words and a 
figures and the omission of those in brackets: 
(a) The condenser bath shall be filled with cracked ice and [sodium chloride or : 
calcium chloride to form a freezing mixture that will cover the condenser tube and “ 


maintain a temperature between 0 and 10 F.] enough water added to cover the condenser 
tube. The temperature shall be maintained between 32 and 34 F. (Oand1.1C.). Amy _ 
other convenient cooling medium may be used provided these temperature conditions art 
maintained. 


1 Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 260 S. 
Broad St., Philadelphia, Pa. 
21933 Book of A.S.T.M. Standards, Part II. 
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(d) A [300-ml. sample] quantity of the oil* equivalent to 300 ml. at 60 F. (15.5 C.) 
shall be measured or weighed into the distillation flask by any suitable means. [For 
less viscous oils a pipette or graduate may be used. If the oil is decidedly viscous a 
sample equivalent to 300 ml. at 60 F. shall be weighed into the flask.] None of the 
liquid shall be permitted to flow into the vapor tube. 

[The weight in grams of the 300-ml. sample shall then be calculated. (The 
weight in grams of 300 ml. of oil is equivalent to 300 times its specific gravity deter- 
mined in accordance with Paragraph (c).)] 


Revision submitted, June, 1935. 
“In case the water content of [in] the crude oil causes bumping, or in any case if the crude oil contains more 


than 2 per cent of water, the sample shall be dehydrated by some suitable method, without loss of naphtha, 
before making the determination. 


Section 11.—Change to read as follows by the omission of the sentences 
in brackets: 


11. Results of duplicate tests in the crude-oil distillation should not differ from 
each other by more than 0.5 per cent. [In the naphtha distillation duplicate results 
obtained for initial boiling point and maximum temperature, respectively, shall not 
differ from each other by more than 6 F. (3.33 C.). Duplicate readings of the volume 
of distillate collected in the cylinder when each of the prescribed temperature points 
is reached should not differ by more than 2 ml.] 

Revision submitted, June, 1935. 


Tentative Revision' of Standard Method of Test for Flash Point by Means of the 
Pensky-Martens Closed Tester (A.S.T.M. Designation: D 93 - 22): 


Section 1.—Add the following sentence to the section on scope: 


In addition, a modified form of this method as described in Section 6 is used for 
the determination of the flash point of cut-back asphalts and other viscous materials 
and suspensions of solids. 

Revision submitted, June, 1935. 


New Sections ——Add the following heading and three new sections at 
the end of this method: 


DETERMINATION OF FLASH Point oF Cut-Back ASPHALTS AND OTHER 
Viscous MATERIALS AND SUSPENSIONS OF SOLIDS 


6. Apparatus.—The apparatus shall consist of the following: 

(2) Pensky-Martens tester as described in Section 2 (a), (b), and (c), except 
that the stirrer shall be mechanically operated to stir in a downward direction at a 
speed of 70 to 80 r.p.m. 

(6) Low-range thermometer as specified in Section 2 (d), Table I. 

7. Procedure—The material to be tested and the tester shall be brought to a 
temperature 30 F. lower than the estimated flash point. The air space between the 
cup and the interior of the air bath shall be completely filled with water at the tem- 
perature of the tester and material. The temperature shall be raised throughout 
the duration of the test at a rate of not less than 4 nor more than 6 F. per min. With 
the exception of this requirement for rate of heating and the rate of stirring of 70 to 

' Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 260 S. 
Broad St., Philadelphia, Pa. 
* 1933 Book of A.S.T.M. Standards, Part II. 
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80 r.p.m., specified in Section 6 (a), the procedure shall be the same as that prescribed 
in the Standard Method of Test for Flash Point of Volatile Flammable Liquids (AS, 
T.M. Designation: D 56) of the American Society for Testing Materials. 

_ 8. Accuracy.—Duplicate tests should not differ by more than 5 F. 


Revision submitted, June, 1935, 


Tentative Revision! of Standard Method of Test for Flash Point of Volatile Flam- 


mable Liquids (A.S.T.M. Designation: D 56 - 21): 


The Tentative Method of Test for Flash Point by Means of the Tag 
Closed Tester (_D 56-35 T)? is in effect a tentative revision of and is in- 
tended to replace when adopted the present Standard Method D 56 - 21. 


Tentative Revision' of Standard Method of Test for Saponification Number 
(A.S.T.M. Designation: (D 94 - 28):? 


Section 1.—Add the following sentence and footnote at the end of the 
section on scope: 


This method is not applicable in the presence of compounds of sulfur, phosphorus, 
halogens, or other elements that consume alkali. 
Revision submitted, June, 1935 


* This method does not give an accurate indication of fatty material present, when the sample contains 
appreciable amounts of free sulfur, sulfurized oils, etc., which react with the alkali used in this test; such 
materials combine with potash to increase the saponification number. The presence of hydrogen sulfide as 
indicated by the odor near the end of the back titration in the saponification test is an indication that reactive 
sulfur or its compounds are present in the sample, and hence the saponification number obtained will be greater 
than required for the amount of fatty matter actually present. Unfortunately, in the case of reactive chlorine 
and phosphorus compounds, no simple indication is given during the test. A gravimetric determination of 
the actual amount of fatty acids is probably the most reliable method for such compounds (see Section 6 (b)). 


Tentative Revision! of Standard Methods of Test for Viscosity of Petroleum Products 
and Lubricants (A.S.T.M. Designation: D 88 - 33) :? 


The Tentative Method of Test for Viscosity by Means of the Saybolt 
Viscosimeter (D 88 — 35 T)‘is in effect a tentative revision of and is intended 
to replace when adopted the present Standard Method D 88 - 33. 


Tentative Revision' of Standard Method of Test for Gravity of Petroleum and 
Petroleum Products by Means of the Hydrometer (A.S.T.M. Designation: 
D 287-33): 


Section 3.—Change the third to seventh sentences, inclusive, of this 
section from their present form, to read as follows: 


The range may be any suitable portion of the interval between 0 and 100° A.P.I. 
(1.0760 to 0.6112 sp. gr.). The A.P.I. hydrometer scale shall be divided into 0.1’, 
numbered at each multiple of 1° and each fifth division denoted by a longer line. 
The specific gravity hydrometer scale shall be divided in 0.0005 of a unit of specific 
gravity, numbered at each multiple of 0.01 and each 0.001 division denoted by 4 
longer line. The smallest scale subdivision shall not be less than 1 mm. (0.039 in.) 


1 Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 2605. 
Broad St., Philadelphia, Pa. 
' 2 1933 Book of A.S.T.M. Standards, Part IT. 
See p. 897. 
* See p. 914. 
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or more than 2 mm. (0.079 in.) in width. The accuracy of calibration of the hydrom- 
eter shall be such that the error at any point of the scale shall not exceed the 
yalue of one smallest scale division. 

Revision submitted, August, 1935. 


Section 7.—Change the last sentence in the first paragraph from its 
present form: namely, 


If the product to be tested is easily volatile the sample, thermometer, hydro- 
meter, and hydrometer cylinder shall be cooled to a sufficiently low temperature 
before testing to insure that no volatile fractions are lost during the necessary handling. 


to read as follows: 


If the product to be tested has an initial boiling point below 250 F. (121.1 C.) 
the sample shall be cooled in a closed container before pouring into the hydrometer 
cylinder. The thermometer, hydrometer and hydrometer cylinder shall also be 
cooled. 

Revision submitted, August, 1935. 


Tentative Revision! of Standard Methods of Testing Electrical Insulating Oils 

(A.S.T.M. Designation: D 117 — 33): 

New Sections.—Add the following as new Sections 9 and 10, renum- 
bering the remaining sections accordingly: 

9. Specific Gravity—The test for specific gravity shall be made in accordance 
with the Standard Method of Test for Gravity of Petroleum and Petroleum Products 
by Means of the Hydrometer (A.S.T.M. Designation: D 287) of the American Society 
for Testing Materials.? 

10. Color.—The test to determine color shall be made in accordance with the 
Tentative Method of Test for Color of Lubricating Oils by Means of A.S.T.M. Union 
Colorimeter (A.S.T.M. Designation: D 155-34 T) of the American Society for 
Testing Materials.* 

Revision submitted, June, 1935. 


Tentative Revision! of Standard Specifications for Broken Slag for Water- 
bound Base and Wearing Course (A.S.T.M. Designation: D 65 — 23) :? 
Section 4.—Omit this section, reading as follows, renumbering 

the subsequent sections accordingly: 


4. The percentage of wear shall be not more than 12.0 per cent. 
Revision submitted, June, 1924. 7 


Section 6.—Change the last line of this section to read as follows 
by the addition of the italicized words and figures and the omission 
of those in brackets: 


[Retained on] Passing 2}-in. screen . . . not [less] more than [85] 15 per cent. 
Revision submitted, June, 1924. 


Section 7 (b).—Omit this paragraph which refers to the method — 


for determining the percentage of wear. 
Revision submitted, June, 1924. 


1Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 
260 S. Broad St., Philadelphia, Pa. 
21933 Book of A.S.T.M. Standards, Part IT. 
* Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 885 (1934); also 1935 Book of A.S.T.M, 
Tentative Standards, p. 699. 
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Tentative Revision' of Standard Specifications for Shovel-Run or Crusher- 
Run Broken Slag for Waterbound Base (A.S.T.M. Designation: D 66 - 
23) :? 
Section 4.—Omit this section, reading as follows, renumbering the 
subsequent sections accordingly: 


4. The percentage of wear shall be not more than 15.0 per cent. 
Revision submitted, June, 1924. 


Section 6 (b).—Omit this paragraph which refers to the method 
or determining the percentage of wear. 


Revision submitted, June, 1924 


Tentative Revision' of Standard Specifications for Block for Granite Block 
Pavements (A.S.T.M. Designation: D 59 — 26):? 
Section 3 (a).—Change to read as follows by the addition of the 
italicized words: 


| 3. (a) The percentage of wear and the French coefficient of wear shall be 
determined in accordance with the Standard Method of Test for Abrasion of 

j Rock (A.S.T.M. Designation: D 2) of the American Society for Testing 

. Materials, except that the sample shall be prepared by use of a press and the fragments 


shall be as uniform and as nearly cubical as practicable. 
Revision submitted, June, 1929. 


. Tentative Revision' of Standard Specifications for Block for Recut Granite 
Block Pavements (A.S.T.M. Designation: D 131 — 23): 
| Section 3 (a).—Make the same change in this section as recom- 
mended in Section 3 (a) of Specifications D 59 — 26 above. 
Revision submitted, June, 1929. 
Tentative Revision' of Standard Specifications for Block for Durax Granite 
Pavements (A.S.T.M. Designation: D 132 — 23):? 
Section 3 (a).—Make the same change in this section as recom- 
mended in Section 3 (a) of Specifications D 59 - 26 above. 
Revision submitted, June, 1929 
Tentative Revision' of Standard Specifications for Asbestos Yarns (A.S.T.M. 
Designation: D 299 — 33):? 
The Tentative Specifications for Asbestos Yarns (D 299 - 34 T)! 
are in effect a tentative revision of and are intended to replace when 
adopted the present Standard D 299 — 33. 


Tentative Revision' of Standard Specifications for Chafer Tire Fabrics 
(A.S.T.M. Designation: D 316 — 34):4 
Section 1.—Change this section to read as follows by the addition 
of the italicized words and figures: 


4 Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 
260 S. Broad St., Philadelphia, Pa. 

2 1933 Book of A.S.T.M. Standards, Part II. 

3 Proceedings, Am. Soc. Testing Mats., Vol. 34, Part I, p. 1172 (1934); also 1935 Book of A.S.T.M. 


Tentative Standards, p. 1263. 


4 1934 Supplement to Book of A.S.T.M. Standards. 
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1. These specifications cover commercial 8, 9, 12 and 14-oz. plied yarn and 
8.25, 11.65 and 14-02. single yarn chafer tire fabrics made of carded American 
cotton of the following constructions: 

Add the following to the present tabulation of constructions 
which follows Section 1: 


eens single yarn warp and filling......... clean white cotton, no waste 
Seo eee single yarn warp and filling......... clean white cotton, no waste 
14.00 OB,....2660 single yarn warp and filling......... clean white cotton, no waste 


Revision submitted, August, 1934. 


Table I.—Add to Table I the following requirements covering 
8.25, 11.65 and 14-oz. single yarn chafer tire fabrics: 


8.25-072. 11.65-02. 14.00-oz. 
Single Yarn Single Yaro Single Yarn 
Std. | Min. | Max. | Std. | Min. | Max. | Std. | Min. | Max. 

60 | 59.5] 60.5] 60 | 59.5| 60.6| 60 | 59.5 | 60.5 
WA, 8.25] 8.0] 8.5 | 11.65] 11.35] 11.95] 14.0 | 13.60] 14.4 
ite saa caitiiemicanenniinvcneueninih 32.0 | 31.3 | 32.7 | 32.0 | 31.3 | 32.7 | 23.0 | 22.5 | 28.5 
aia: | Rea 28.0 | 26.9 | 29.1 | 28.0 | 26.9 | 29.1 | 23.0 | 22.1 | 23.9 
Thickness (Gage), 0.0290|0 .0273|0 .0307|0 .0310|0 .0295|0.0325|0 0390/0 .0370/0.0410 
Tensile 
16.0 | 14.4 | 17.6 | 16.0 | 14.4 | 17.6 | 16.0 | 14.4 | 17.6 
Crimp, per cent { 9.0] 7.2] 10.8] 9.0] 7.2] 10.8] 9.0] 7.2] 10.8 


* Tensile strength values are based on tests made on a 400 to 800-lb. capacity horizontal testing machine of 
inclination balance 


ype. 
° Preferred Method, in standard condition or corrected to standard moisture regain (6.5 per cent). 
Revision submitted, August, 1934. 


Tentative Revision! of Standard Specifications for Textile Testing Machines 
(A.S.T.M. Designation: D 76 — 33):? 


The Tentative Specifications for Textile Testing Machines (D 76- 
35 T)® are in effect a tentative revision of and are intended to replace 
when adopted the present Standard Specifications D 76 — 33. 


Tentative Revision' of Standard Specifications for Tolerances and Test 
Methods for Tire Cord, Woven and on Cones (A.S.T.M. Designation: 
179-33): 
_ Section 26.—Change the last paragraph from its present form: 
namely, 


A record shall be made of deviations from the scale or chart readings and 
Corresponding corrections shall be made on the machine. 


to read as. follow: 


‘Criticisms of this revision are solicited and should be directed to the Headquarters of the Socicty, 
260 S. Broad St., Philadelphia, Pa. ots 
*1933 Book of A.S.T.M. Standards, Part II. 

* See p. 1200, 
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When a machine is found to be in a satisfactory mechanical condition, 
meets the sensitivity requirements of Section 25 and then shows deviations 
between weights applied and dial readings, the following is considered a valid 
method of correction: Construct an empirical dial, the points on which shall 
be located by the position of the machine pointer after application of various 
weights as prescribed in this section. 

Revision submitted, June, 1935. 


Tentative Revision' of Standard Specifications for Tolerances and Test 
Methods for Hose Ducks and Belt Ducks (A.S.T.M. Designation: 
D 181 


Section 10.—Change from its present form: namely, 


10. Width—The average width shall be determined by measuring at five 
different places uniformly distributed along the full length of the roll. No 
measurement shall be considered within 3 yd. of either end of the roll. 


to read as follows: 


cloth from selvage to selvage with the surface free of wrinkles. The measuring 
device shall be in excess of the width of the fabric. The width of the roll shall 
be the average of five different measurements uniformly distributed along the 


full length of the roll or piece. 
Revision submitted, June, 1935. 


Section 11.—Change from its present form to read as follows: 


11. (a) The actual weight of the full roll from which the covering has been 
removed shall be determined. 

(b) The specified weight of the full roll shall be determined from the 
following formula: 


5 -WXAXL 
36 


where S = the specified weight in pounds 
W = the specified weight in ounces per square yard 
A = the actual width in inches 
L = the actual length in yards 
(c) Comparison of the actual weight with the specified weight of the full 
roll shall be used in determining the percentage light or heavy. 
Revision submitted, June, 1935. 


Tentative Revision' of Standard Specifications for Tolerances and Test 
Methods for Cotton Sewing Threads (A.S.T.M. Designation: D 204 - 33) 
New Section—Add a new section on conditioning, as the first 
paragraph of the methods of testing section, to read as follows, re- 
numbering the remaining sections accordingly: 


Conditioning.—Spools or other types of packages selected for test shall be 
conditioned in an atmosphere having a relative humidity of 65 per cent at 


1 Criticisms of this revision are solicited and should be directed to the Headquarters of the 
Society, 260 S. Broad St., Philadelphia, Pa. 

21934 Supplement to Book of A.S.T.M. Standards. 

$1933 Book of A.S.T.M. Standards, Part II. 


10. Width—The width of the fabric shall be determined by measuring the 


Te 


res 


| 
| 
| 
| 
sel 
alc 
| 1- 
| Tl 
| | be 
be 
| | of 
| 
| | th 
| fa 
tic 
m 
| 
| se 
tk 
te 
| ot 
tl 


TENTATIVE REvisions OF A.S.T.M. STANDARDS 1407 


70 F. (21 C.) for a minimum period of 12 hr. in the case of untreated threads, 
and for 40 hr. in the case of treated threads (such as waxed or glazed). Thread 
removed for testing after conditioning shall not penetrate into the package 
more than } in. on a radial line. If skeins are prepared for testing they shall 
be conditioned for at least 3 hr. for untreated threads and for 10 hr. for treated 
threads. Revision submitted, June, 1935. 


Section 8.—Change the first sentence to read as follows by the 
addition of the words and figures in italics and the omission of the 
word in brackets: 


All threads shall be tested by the single strand [test] method in an atmos- 
phere having a relative humidity of 65 per cent at 70 F. (21 C.). 
Revision submitted, June, 1935. 


Section 9.—Change the first sentence to read as follows by the 
addition of the italicized words and figures: 


In determining the yards per pound of sewing thread, the skeins shall be 
prepared in accordance with Table I after conditioning as noted in the new section 
on Conditioning above. Revision submitted, June, 1935. 


Tentative Revision' of Standard General Methods of Testing Woven Textile 
Fabrics (A.S.T.M. Designation: D 39 - 34):? 


Tear Resistance Test—Add as a new Section 14 the following tear 
resistance test procedure, renumbering the present sections accordingly: 


(H) Tear Resistance 


(a) Preferred Method.—A specimen 3 in. in width and 6 in. in length shall be 
elected for test. An isosceles trapezoid having an altitude of 3 in. and with bases 
1 in. and 4 in. in length, respectively, shall then be marked on the specimen with the 
aid of a template. A cut } to 3 in. in length shall then be made in the center of the 
l-in. length and perpendicular to it. The specimen shall then be clamped in the 
jaws of the tensile strength testing machine along the non-parallel sides of the trapezoid. 
The initial distance between the jaws shall be 1 in., and the width of the jaws shall 
be 3in. or more. One edge of the specimen shall thus be held taut while the other 
edge lies in folds. ‘The machine shall then be started and the sample torn, the speed 

f the pulling jaw being 12 in. per minute. The pawl on the pendulum shall be dis- 
engaged from the ratchet during the test. The average load necessary to continue 
the tear after it has been started shall be considered as the tear resistance of the 
fabric. The average of five determinations in the warp and five in the filling direc- 
tions shall be reported. ‘The capacity of the machine should be such that the speci- 
men tears in the range of maximum sensitivity. 

(b) Alternate Method.—A specimen 3 in. in width and 8 in. in length shall be 
selected for test. A longitudinal cut 3 in. in length shall be made in the center of 
the specimen. One of the tongues thus formed shall be placed in the upper jaw of a 
tensile strength testing machine, preferably with automatic recording device, and the 
other in the lower jaw. The machine shall then be started and the specimen torn, 
the speed of the pulling jaw being 12 in. per minute. The pawl on the pendulum shall 
be disengaged from the ratchet during the test. The average load necessary to con- 


' Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 260 S. 


Broad St., Philadelphia, Pa. 


* 1934 Supplement to Book of A.S.T.M. Standards. 
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tinue the tear after it has been started shall be considered to be the tear resistance of 
the fabric. The average of five determinations in the warp and five in the filling ti 
directions shall be reported. The capacity of the machine should be such that the 
specimen tears in the range of maximum sensitivity. 

Revision submitted, June, 1930; Modified, June, 1933 


. Elongation Test—Add the following elongation test procedure as a 
new Section 15, renumbering the present sections accordingly: 0 


(I) Elongation 
_ _Unless otherwise specified, the elongation of cloth at any stated load shall be 
obtained when the breaking strength is determined and for the same specimens by 
: means of a suitable autographic recording device on the testing machine. The 
elongation shall be the average of the results obtained for five specimens. It shall it 
be expressed as the percentage increase in length. Since the initial length and there- [t 
fore the measured elongation depend upon the load applied in placing the specimen a 
in the jaws of the machine, an initial load of 6 oz., or other initial load specified for 
‘ the particular material in question, shall be placed on the specimen before clamping 
the specimen in the lower jaw of the machine. The elongation shall be calculated 
from the start of the line as shown on the graphic record. 
] Revision submitted, June, 1933; Modified, June, 1935, 
_ Tentative Revision' of Standard Methods of Testing Molded Materials Used 
for Electrical Insulation (A.S.T.M. Designation: D 48 33):* 

Section 10.—Change this section which describes the flexure test 
apparatus to read as follows by the addition of the italicized words 
and the omission of those in brackets: 

10. Any standard testing machine may be used provided it is accurate to 
within 1 per cent for the lowest load for which it is used. The distance between 
points of support shall be 4 in. (102 mm.). The supports shall have the contact 
edges rounded to a radius of } in. (3.18 mm.). The load shall be applied 
[parallel to and in the same direction that] perpendicular to the direction in which 
the molding pressure was applied, midway between the supports by a pressure 7 
piece, the bearing edge of which shall be rounded to a radius of } in. (3.18 mm.). 

Revision submitted, August, 1934. 


_ Section 11.—Change this section from its present form: namely, 


11. The test specimen shall be molded to the dimensions shown in Fig. 3. 
_ to read as follows: 


11. The test specimen shall be molded to the dimensions shown in Fig. 3. 
The thickness of the molded specimen, that is, the dimension parallel to the 
application of the molding pressure may be any value of } in. or less agreed 
upon as representative of the cross section in which the material is to be used. 
The thickness as molded will be the width of the beam when under test. 
| Note.—When the specimen is less than } in. in molded thickness difficulties 
may be encountered due to tipping over or unsteadiness during test. In such | 
cases the test may be made upon a composite specimen consisting of sufficient | 
individual pieces to aggregate approximately } in. in beam width held together 
by a rubber band or other light clamp. 

Revision submitted, August, 1934. 


1 Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 
260 S. Broad St., Philadelphia, Pa. 


Book of A.S.T.M. Standards, Part II. 
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Section 13.—Change this section to read as follows by the addi- 
ng tion of the italicized words and the omission of those in brackets: 
he 13. The report shall include the following: 

(a) The thickness and width as molded of each specimen [as] measured by 7 
a micrometer in inches or millimeters; 
a (b) The load on each specimen in pounds or in kilograms at the first sign - 
of failure; 

(c) The maximum fiber stress in pounds per square inch or in kilograms per _ 
square millimeter calculated from the formula: 


all in which S = maximum fiber stress, P = load applied, 1 = distance between 
Te- [the supports] points of support, b = width of [specimen] the beam as tested, 
nen and d = depth of [specimen] the beam as tested; 

for (d) The rate at which the load was applied; 

ing (e) The maximum deflection at the center in inches or in millimeters. 

ted Revision submitted, August, 1934. 
" Figure 3.—Change this figure which shows the flexure test speci- 


men by omitting the }-in. dimension under the side view and substi- 
tuting the following note: ‘Thickness in accordance with Section 
11.” Add an arrow showing “direction of molding pressure’’ per- 
pendicular to the remaining 3-in. dimension. Retain the note under 
the figure caption. 


Revision submitted, August, 1934. 


Resistance to Impact.—Add the following as a new Section 14, 
renumbering the remaining sections accordingly: 


14. Resistance to impact shall be determined in accordance with the 
Tentative Methods of Testing Electrical Insulating Materials for Resistance to 
Impact (A.S.T.M. Designation: D 256-34 T) of the American Society for 
Testing Materials! 


Revision submitted, August, 1934. 


’ Sections 14 to 17, inclusive-—Replace this material, describing 
} dielectric strength tests at commercial power frequencies, by the 
, following new Section 15, renumbering the present Sections 18 to 24, 


inclusive, accordingly : 
1 DIELECTRIC STRENGTH 


15. The dielectric strength shall be determined in accordance with the 
Tentative Methods of Testing Sheet, Tape, and Molded Insulating Materials 
h for Dielectric Strength (A.S.'T.M. Designation: D 149 - 34 T) of the American 
t Society for Testing Materials.’ 


Revision submitted, June, 1934. 


| Proceedings, Am. Soc. Testing Mats., Vol. 34, 


¢ Part I, pp. 995, 982 (1934); also 1935 Book of 
A.S.T.M, Tentative Standards, pp. 993,980. 
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7 Tentative’ Revision of Standard Definitions of Terms Relating to Coal and 

| Coke (A.S.T.M. Designation: D 121 - 30):? 

| | The Tentative Definition of the Term Coke (D 121-30 T)? is 
_ intended to be added when adopted to the present Standard Defini- 

tions D 121-30. 


; _ Tentative Revision' of Standard Definitions of Terms Relating to Timber 
Preservatives (A.S.T.M. Designation: D 324 — 33):* 


The following definition of the term “water-gas tar” is intended 
_when adopted to be added to the Standard Definitions D 324-33: 
Water-Gas Tar.—Tar produced in the manufacture of carbureted water 


_ gas by the decomposition of petroleum oil by heat in the presence of blue gas. 
Revision submitted, June, 1933. 


Tentative Revision' of Standard Specifications for Round-Hole Screens for Testing 
Purposes (A.S.T.M. Designation: E 17 — 33):* 
The Tentative Specifications for Round-Hole Screens for Testing 
y Purposes (E 17 — 35 T)* are in effect a tentative revision of and are intended 
to replace when adopted the present Standard Specifications E 17 — 33. 


Tentative Revision! of Standard Methods of Metallographic Testing of Iron and 
Steel (A.S.T.M. Designation: E 3 — 24):* 


Tentative Revision’ of Standard Methods of Metallographic Testing of Non- 

Ferrous Metals and Alloys (A.S.T.M. Designation: E 5 - 27):* 

The Tentative Recommended Practice for Metallographic Testing of 
Ferrous and Non-Ferrous Metals (E 3-35 T)® is in effect a tentative 
revision of and is intended to replace when adopted the present Standard 
Methods E 3 — 24 and E 5-27. 

Tentative Revision' of Standard Definitions of Terms Relating to Methods 
of Testing (A.S.T.M. Designation: E 6 — 30):* 
The definitions of the terms “elastic limit’’ and “yield strength” 
published under the title ‘Tentative Definitions of Terms Relating 
to Methods of Testing (E 6-35 T)? are intended to be added when 
_ adopted to the present Standard Definitions E 6-30. 


1 Criticisms of this revision are solicited and should be directed to the Headquarters of the Society, 
260 S. Broad St., Philadelphia, Pa. 

21933 Book of A.S.T.M. Standards, Part II. 

3 Proceedings, Am. Soc. Testing Mats., Vol. 30, Part I, p. 1147 (1930); also 1935 Book of A.S.T.M. 
Tentative Standards, p. 639. 


41933 Book of A.S.T.M. Standards, Part I. 
5 See p. 1289. 


® See p. 1319. 
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SUPPLEMENT A (1935) TO A.S.T.M. 
-MANUAL ON PRESENTATION OF DATA! 


d PRESENTING + LIMITS OF UNCERTAINTY OF AN OBSERVED 


AVERAGE 
- 1. Purpose.—This Supplement? discusses the problem of presenting + 
s. limits to indicate the uncertainty of the average of a number of observa- 
tions obtained under the same essential conditions, and suggests a form of 
sting presentation for use in A.S.T.M. reports and publications where needed. 

2. The Problem.—An observed average, X, is subject to the uncertain- 
ting ties that arise from sampling fluctuations, and tends to vary from the true 
ulied average more widely if the number, 1, of observations is small. 

’ TABLE I,—BREAKING STRENGTH OF 0.104-1IN. HARD-DRAWN COPPER WIRE. Re 
BREAKING STRENGTH, X, 
| and Test SPECIMEN LB. 
n = 10 5752 


Having a set of observed values of a variable X whose average 
ng ‘arithmetic mean) is X, as in Table I, it is often desired to present the 


aa results as 
Average, X = 575.2 + 5.1 |b. 
” the + limits being established from the quantitative data alone with the 
a implication that the objective? average, X’, of the universe sampled lies _ 


, 1933 Manual on Presentation of Data, sponsored by Committee E-1 on Methods of Testing, Proceedings, 
Soc. Testing Mats., Vol. 33, Part, I, p. 451 (1933): also published in pamphlet form. 
his Supplement is one of a series prepared by the Manual Committee of Technical Committee IX on 
retation and Presentation of Data, of Committee E-1 on Methods of Testing. 
ersonnel of Manual Committee, 1934-1935: 


Messrs. H. F. Dodge, Chairman 7 
W. C. Chancellor 
. T. MacKenzie 
. T. Webster 


€ nomenclature is the same as that used in the 1933 A.S.T.M. Manual on Presentation of Data. 


: 8 ae objective average, X’, is the value of X that would be approached as a statistical limit as more and 
€ observations were obtained under the same essential conditions, and their cumulative averages computed. 


nts 


a 
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within such limits. How should such limits be computed, and what mean. 
ing may be attached to them? 

3. Theoretical Background.—-Mention should be made of the practice, 
currently losing favor in scientific work, of recording such limits as 


X + 0.6745 


Vu n 
where X = observed average, 
o = observed standard deviation, and 
n = number of observations, 


and referring to the value 0.6745 ~"_ as the “probable error” of the ob- 
n 


served average, X, (the value of 0.6745 corresponding to the Normal Law 
probability of 0.50). The term “probable error” and the probability 
value of 0.50 properly “PP, to the errors of sampling when sampling from 
a universe whose average, X’, and whose standard deviation, o’, are known 


Vv 


the inverse problem when merely sample values of X and @ are given. 

Recent investigation! of this problem has given the following more 
satisfactory alternative, a procedure which provides limits that have a 
definite operational meaning. 

4. Computation of Limits.—The following procedure applies to any 
long run series of problems for each of which the following conditions 
are net: 

Given: A sample of n observations, X1, X2, X3,..., Xn, having ai 
average = X and a standard deviation = @. 

Conditions: (a) The universe sampled is homogeneous (statistically 
controlled) in respect to the variable, X, measured. 

] (b) The distribution of X for the universe sampled is approximately 
Normal. 
| (c) The sample is a random sample.” 
Procedure: Compute limits _ 
X + a0 
= the value of a is given in Table II for two values of P, and for variou' 
values of 

M eaning: If the values of a given in Table II for P, = 0.90 are used 

a a series of such problems, then, in the long run, we may expect 90 per cet! 


(these terms apply to limits X’ + 0.6745 x but they do not apply in 
n 


of the ranges bounded by the limits so computed, to include the objective 


A. Shewhart, “Probability as a Basis for Action,” presented at the pales meotiog of the Americe® 
Mathematical Society and Section K of the A.A.A.S., December 27, 1932. See also E. S. Pearson, “Rept 
- the Application of Statistical Methods to Industrial ‘Standardization and Quality Control.” British Standaré 

nst. 
? If the universe sampled is limited, that is, made up of a definite number of separate units that may ao 
measured in respect to the variable X, this procedure requires, in addition, that the number of units, #, int . 
sample be relatively smal! compared with the number of units, N, in the universe, say m less than 5 per cent 


avera 
concl 
corre 
operé 
“The 
case’ 


apy 
inc 
pro 


like 
the 


| 
| 
| 
| 
i 


nean- 


ctice, 


le ob- 


| Law 
bility 
from 


ly in 


viven. 
more 
ave a 


) any 
itions 


ig al 
ically 


ately 


rious 


used 
r cent 
active 
merica® 
Report 
andarcs 
may 


n, 
nt of 


MANUAL ON PRESENTATION OF 


averages, X’, of the universes sampled. If in each instance, we were to 
conclude that X’ lies in the range so computed, we should expect to be 
correct 9 times in 10 and in error 1 time in 10. But, there would be no 
operational meaning in the following statement made in each instance: 
“The probability is 0.90 that X’ falls within the limits computed in this 
case” since X’ either does or does not fall within the limits.” 


TABLE II.—Limits WitH1In Wuicu X’ May Be Expectep To LIE 
(9 TIMEs IN 10, OR 99 TIMEs IN 100), IN PROBLEMS INVOLVING A 
SINGLE SAMPLE OF 1 OBSERVATIONS. 


Values of a computed from Table IV, “Table of ¢,” in R. A. Fisher's, “Statistica 
ethods for Research Workers,” based on Student's distribution of z. 


Limits, X + ao 
Number of 
Observations 2. = 0.90 Ps = 0.99 
in Sample, (Chances, (Chances, 
n 9 in 10) 99 in 100) 
Value of a Value of a 
1.360 3.372 
1.066 2.302 
0.901 1.803 
es 0.716 1.322 
0.658 1.186 
0.573 1.002 
0.491 0.835 
0.453 0.761 
0.437 0.730 
0.422 0.703 
_ 0.409 0.678 
0.397 0.656 
0.386 0.636 
0.376 0.618 
= 
greater Va —3 3 
approximately approximately 


The magnitude P, = 0.90 applies to the series of instances, and is 
approached as a statistical limit as the number of instances in the series is 
increased indefinitely; hence it is labelled P,, signifying “statistical 
probability.” | 
_ If the values of a given in Table II for P, = 0.99 are used, we may, in 
like manner, expect 99 per cent of the universe averages, X’, to fall within 
the ranges so computed. 
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5. Experimental Verification.—Figure 1 gives two diagrams' illus- 
trating the results of sampling experiments for samples of m = 4 observa- 
tions each drawn from a Normal universe, for values of (a) P, = 0.50 
and (b) P, = 0.90. For case (a), the ranges for 51 out of 100 samples 
included X’ and for case (b), 90 out of 100 included X’. If, in each instance 
(that is, for each sample) we had concluded that the objective X’ lay 
within the limits shown for case (a), we would have been correct 51 times 
and in error 49 times, which is a reasonable variation from the expectancy 
of being correct 50 per cent of the time. 


Case (a, | 
S20 
= 
0} "| | | 

410 


Sample Number 
Fic. 1,—Illustration Showing Computed Ranges Based on Sampling Experiments. 100 


samples of n = 4 observations each, from a normal universe having X’ = 0 and 
o’ = 1, 


6. Presentation of Data.—In presentation of data, if it is desired to give 
limits of this kind, it is quite important that the significance of the limits 
be clearly indicated. The two values P, = 0.90 and P, = 0.99 given in 
Table II (chances of 9 in 10 and 99 in 100) are arbitrary choices that may 
be found convenient in practice. 


Example: Given a sample of 10 observations of breaking strength of hard-drawn 
copper wire, as in Table I, for which 


X = 575.2 Ib. 
o = 8.26 lb. 


Using this sample to define limits within which we may feel confident (on the data 
evidence only) that X’ lies and using the limits based on Ps = 0.90 (Table II), we have 


X + 0.6110 = 575.2 + 5.1 
= 570.1 and 580.3. 


1 Case (a) is taken from Fig. 8 of Shewhart Paper, loc. cit., and case (b) gives corresponding ranges fot 
limits X¥ +1 .3600, based on Pg = 0.90, 
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lus- Two pieces of information are needed to supplement this numerical 7 - 
va- result: (a) the fact that 9 in 10 limits were used, and (b) that this result 7 
).50 is based solely on the evidence contained in 10 observations. Symbolically 7 
ples P, (X * ao) 
nce = 0.90, 
mes or the statistical probability associated with the limits X + aa, based on 
nev the evidence (Q,) contained in the m = 10 observations, is 0.90. : 


Hence, in the presentation of such limits, it is desirable to give the 
results in some such way as the following: 


575.2 + 5.1 lb. (P, = 0.9, 10 observations) _ 


The essential information contained in the data is, of course, covered 
by presenting X, a, and m (see 1933 A.S.T.M. Manual on Presentation of _ 
Data) and the limits under discussion could be derived directly therefrom. 

If it is desired to present such limits in addition to X, o, and m, the tabular _ 
arrangement given below is suggested: 


AVERAGE, Limits For X STANDARD DEVIATION, 
NUMBER OF TESTS b (CHANCES, 9 IN 10) o 


7. Number of Places to be Retained in Computation and Presentation.— 
The following working rule is recommended in carrying out computations ; 
incident to determining averages, standard deviations, and ‘‘limits for 
averages”’ of the kind here considered, for a set of m observed values of a 
variable quantity: 


In all operations on the set of m observed values, such as adding, subtracting, 


100 multiplying, dividing, squaring, extracting square root, etc., retain the equivalent : 

\ aed of two more places of figures than in the single observed values. For example, if 7 
observed values are read or determined to the nearest 1 lb., carry numbers to the _ : 
nearest 0.01 lb. in the computations; if observed values are read or determined to ; 

give the nearest 10 Ib., carry numbers to the nearest 0.1 Ib. in the computations, etc. : 

mits 


Rejecting places of figures should be done after computations are com- 


n in pleted, in order to keep the final results substantially free from computation 7 
may errors. In rejecting places of figures, increase by 1 the last figure retained : 
when the first left-hand rejected figure is 6 or greater, otherwise, leave it 7 
rawn unchanged. For example, if, in the following numbers, the places of figures | 
in parentheses are to be rejected, 
4(49) becomes 39 400, 
39 4(50) becomes 39 500, and 
= 39 4(76) becomes 39 500. 


The number of places of figures to be retained in presentation depends a 
on what use is to be made of the results. No general rule, therefore, can 


ges fot safely be laid down. The following working rule has, however, been found © 


| 
; 
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generally satisfactory by the committee in presenting the results of testing 


in technical investigations and development work: 


(a) For averages, retain the number of places shown below: 


SINGLE VALUES OBTAINED 


TO THE NEAREST NUMBER OF OBSERVED VALUES, n 
0.1, 1, 10, ete., units 2-20 21-200 
0.2, 2, 20, etc., units less than 4 4-40 41-400 
0.5, 5, 50, etc., units less than 10 10-100 101-1000 
Same number 1more 2 more 
Number of places of figures to be retained in the | of places as place places 
values single single 
values values 


(b) For standard deviations, retain three places of figures. 

(c) If “limits for averages” of the kind here considered are presented, retain the 
same places of figures as are retained for the average. 

For example, if » = 10, and if observed values were obtained to the nearest 
1 lb., present averages and “limits for averages” to the nearest 0.1 Ib., and present 
the standard deviation to three places of figures. This is illustrated in the tabular 
presentation in Section 6. 


The above rule (a) will generally result in giving two doubtful places 
of figures in the average, where by “doubtful” is meant that the figures 
appearing in these places would not be duplicated exactly in additional 
samples taken under the same essential conditions. Referring to the 
tabular arrangement in Section 6, the third place of figures in the average, 
X = 575.2, corresponding to the first place of figures in the +5.1 value is 
doubtful in the above sense. One might conclude that it would be suitable 
to present the average to the nearest pound, thus: a as 


575 + 5 lb. (P, = 0.9, 10 observations). 


This might be satisfactory for some purposes. However, the effect of such 
rounding off to the first place of figures of the plus or minus value may be 
quite pronounced if the first digit of the plus or minus value is small, as 


indicated in the following table: 
Not RounDED ROUNDED 
Limits DIFFERENCE Limits DIFFERENCE 


If further use were to be made of these data—accumulating additional 
observations to be combined with these, gathering other data to be com- 
pared with these, etc.—then the effect of such rounding off of X in4 
presentation might seriously interfere with proper subsequent use of the 
information. 

The number of places of figures to be retained or to be used as a basis 
for action in specific cases (such as in reports covering the acceptanc 
and ‘ote of material) cannot readily be made subject to any general 
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rule. It is, therefore, recommended that in such cases the number of places 
be settled by definite agreements between the persons involved. 

8. Comments.—In making use of such limits, the engineer should hold 
in mind (1) the restrictions as to (a) controlled conditions, (b) approximate 
normality of universe, (c) randomness of sample; and (2) the fact that the 
variability under consideration relates to fluctuations around the level of 
measurement values, whatever that may be, quite regardless of whether 
or not the objective average, X’, of the measurement values is widely dis- 
placed from the true value, X’;, of the thing measured, as a result of 
systematic or constant errors present throughout the measurements. For 
example, breaking strength values might center around a value of 575.0 lb. 


X £ 
level of t 
rue 
evel 
1,__constont 
error, 
/ 
/ 
T T T T T T 
560 580 600 620 


Fic. 2.—Showing How = Limits (Z; and Z,) are Unrelated 
to a Systematic or Constant Error. 


the objective level X’ of the measurement values) with a scatter of indi- 
vidual observations represented by the dotted distribution curve of Fig. 2, 
whereas the true average X’p for the batch of wire under test is actually 
610.0 lb.; the difference between 575.0 and 610.0 representing a constant 
or systematic error present in all the observations as a result, say, of an 
incorrect adjustment of the testing machine. 

The limits thus have meaning for series of like measurements, made 
under like conditions, including the same constant errors if any be present. 

In the practical use of these limits, the engineer may not have assurance 
that conditions (a), (b), and (c) given in Section 4 are met, hence it is not 
advisable to lay great emphasis on the exact magnitudes of the chances 
given in Table II, but rather to consider them as orders of magnitude to be 
used as general guides. 
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SUPPLEMENT B (1935) TO A.S.T.M. 
MANUAL ON PRESENTATION OF DATA! 


“CONTROL CHART” METHOD OF ANALYSIS AND 
PRESENTATION OF DATA 


1. Purpose.—This Supplement? gives formulas and tables useful in 
applying the “control chart” method* of analysis and presentation of 
quality data obtained from several samples. ‘This method provides a 
criterion for detecting lack of statistical control of quality, which is often 
used for determining when observed variations in quality are greater than 
should be left to chance. 


2. Terminology and Technical Background.—Variation in quality from 
one unit of product to another is due to a large number of causes. 
Those which it is possible to identify are termed ‘‘assignable causes.” 

For a constant system of chance causes, the averages, X, the standard 
deviations, a, the values of fraction defective, p, or other functions of the 
observations of a series of samples will exhibit statistical stability of the 
kind that may be expected in random samples from homogeneous ma- 
terial. The criterion of the quality control chart is derived from laws 
of chance variations for such samples, and failure to satisfy this criterion 
is taken as evidence of the presence of an assignable cause of variation. 

As applied by the manufacturer to inspection data, the control chart 
provides a basis for action. Continued use of the control chart and the 
elimination of assignable causes as their presence is disclosed by failures to 
meet its criterion tend to reduce variability and to stabilize quality 4 
aimed-at levels. While the control chart method has been devised prime 
rily for this purpose, it provides a simple technique and criterion that has 


: 1 1933 Manual on Presentation of Data, sponsored by Committee E-1 on Methods of Testing, Proceedint’ 
Am. Soc. Testing Mats., Vol. 33, Part I, p. 451 (1933); also published in pamphlet form. ws 
2 This Supplement is one of a series prepared by the Manual Committee of Technical Committee IX 
Interpretation and Presentation of Data of Committee E-1 on Methods of Testing. 
Personnel of Manual Committee, 1934-1935: 


Messrs. H. F. Dodge, Chairman 
W. C. Chancellor 
. T. MacKenzie 
. T. Webster 


Tre nomenclature is the same as that used in the 1933 A.S.T. 7 Manual on Presentation of Data. 

The committee is indebted to Mr. H. G. Romig and Miss M. N. Torrey for assistance in preparation @ 
numerical examples. 

2 As viven by W. A. Shewhart, “ Economic Control of Quality of Manufactured Product,’’ Chapters 4 
and XX, D. Van Nostrand Co., Inc., New York City (1931). 
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been found practically useful in analyzing and interpreting other types of 
data." 

3. Two Uses.—The control chart method of analysis is used for the 
following two distinct purposes: 

(A) Control with Respect to a Given Standard—to discover whether 
observed values of X, a, p, etc., for samples of observations each, differ 
from standard values, X’, 0’, p’, etc., by an amount greater than should 
be attributed to chance. The standard value may be one established by 
authority, such as a desired or aimed-at value designated by specification, 
or an economic standard level provided by experience. Control charts 
based on such standards are used particularly in inspection work to control 
processes and to maintain quality uniformly at the level desired. 

(B) Control—No Standard Given—to discover whether observed values 
of X, a, p, etc., for several samples of ” observations each, vary among 
themselves by an amount greater than should be attributed to chance. 
Control charts based entirely on the data from samples are used for 
detecting lack of constancy of the cause system. 

4. Breaking up Data into Rational Subgroups.—One of the essential 
features of the method is what is referred to as breaking up the data into 
“rational subgroups”; that is, classifying the total set of test observations 
under consideration into subgroups or samples, within which variations 
may be considered to be due to non-assignable chance causes only, but 
between which there may be differences due to assignable causes whose 
presence is suspected or considered possible. 

This part of the problem is obviously not statistical in character but 
depends on technical knowledge and familiarity with the conditions under 
which the material sampled was produced and the conditions under which 
the data were taken. By identifying each sample with a time or a source, 
specific causes of trouble may be more readily traced and corrective action 
taken, if advantageous and economical. Inspection and test records giving 
observations in the order in which they were taken, provide directly a 
basis for subgrouping with respect to time. This is commonly advantageous 
in manufacture where it is important, from the standpoint of quality, to 
maintain the production cause system constant with time. 

5. General Technique in Using Control Chart Method.—The general 
technique? of the method is as follows: 

Given a set of observations, to determine whether an assignable cause 
of variation is present: 

(a) Divide the total number of observations in m rational subgroups 
samples) having m, 2, . . . %m observations, respectively. Make sub- 
Broups of equal size if possible. 

' For example, in certe ain classes of engineering and research problems. The method is of course but 


€ $2 the many statistica! tools available. 
This embodies the procedure covered by “Criterion I,’’ Shewhart, loc. cit., Chapter XX. 
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(b) For each statistic (X, o, p, etc.) to be used, construct a control 
chart with control limits in the manner indicated in the subsequent 
sections. 

(c) If one or more of the observed values of X, a, p, etc., for the m 
subgroups (samples) falls outside the control limits, take this fact as an 
indication of the presence of an assignable cause. 

6. Control Limits.—In both uses indicated in Section 3, the control 
chart consists in symmetrical limits (control limits) placed above and 
below the expected value of X, o, p, etc. (central line) for samples of n 
observations each, under controlled conditions, which would be approached 
as a statistical limit as the number of such samples of size m is increased 
indefinitely, that is, the expected value of X, a, p, etc., for that sample size. 

Control limits—for averages................ (expected X) + 30% 


for standard deviations......(expected ¢) + 30, 
for ranges..................(expected R) + 3ep 
for values of p.............. (expected p) + 3a, 


Figure 1 indicates the features of a control chart for averages. 


Observed Values of X 
| Upper Control Limit 


\ \ 
Lower Contro/ 


5 


Scale of X 


0 


Successive Samples 


Fic. 1.—Essential Features of a Control Chart 
Presentation. Chart for Averages. 


The choice of the factor 3 (a multiple of the standard deviation of X, 
a, p, etc.) in these limits is an economic choice based on experience, rather 
than on any exact value of probability. It is one that has proven satis 
factory for use in a criterion for action—for looking for assignable causes 
of variation. 


CONTROL WITH RESPECT TO A GIVEN STANDARD 


7. Introduction.—This part of the Appendix relates to the technique 
of analysis for control with respect to a given standard, as noted under (A 
in Section 3. Here, standard values of X’, o’, p’, etc., are given, and are 


4 See Shewhart, loc. cit., pp. 276-277. 
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those corresponding to the given standard distribution. The expected © ; 
values, used as central lines on the control charts are, therefore, 


where factors ¢, and d2 are given in Table I.! 


TABLE I.—FAcTORS FOR COMPUTING CONTROL CHART LINES—SMALL SAMPLES. — 


Chart for Averages Chart for standard Deviations Chart for Ranges - 
Facior Factor 
oo sa Factors for for Factors for for Factors for 
Observation: Control Limits Central Control Limits Centra! Control Limits 
Sas Line Line 
Sample, n 
A Ai Ao C2 Bs By D Dz Ds Ds 
2.064] 0 |3.658|1.128] 0 |3.686] © | 3.268 
1.948 0 2.692 | 1.693 0 4.358 0 2.574 : 
1.859 0 2.330 | 2.059 0 4.698 0 2.282 7 
1.789 0 2.128 | 2.326 0 4.918 0 2.114 
1.735 | 0.003 | 1.997 | 2.534 5.078 | 0 | 2.004 
1.690 | 0.097 | 1.903 | 2.704 | 0.205 | 5.023 | 0.076 | 1.858 : 
1.653 | 0.169 | 1.831 | 2.847 | 0.387 | 5.307 | 0.136 | 1.864 - 
1.621 | 0.227 | 1.774 | 2.970 | 0.546 | 5.394 | 0.184 | 1.816 
1.594 | 0.273 | 1.727 | 3.078 | 0.687 | 5.469 | 0.223 | 1.777. 
1.570 | 0.312 | 1.688 | 3.173 | 0.822 | 5.534 | 0.259 | 1.744 
1.548 | 0.346 | 1.654 | 3.258 | 0.925 | 5.593 | 0.284 | 1.717 : 
1.529 | 0.375 | 1.625 | 3.336 | 1.026 | 5.646 | 0.308 | 1.692 
1.512 | 0.400 | 1.599 | 3.407 | 1.121 | 5.693 | 0.329 | 1.671 - 
1.497 | 0.423 | 1.577 | 3.472 | 1.207 | 5.737 | 0.348 | 1.652 
1.493 | 0.443 | 1.557 


4 


CENTRAL LINES AND CONTROL LIMITS. 
(1) Control with Respect to a Given Standard (X’, a’ given) 


CENTRAL LINE CONTROL Limits 
Standard deviations...... B,o’ and B,o' 
2) Control—No Standard Given (X’, o’, not given) 
CENTRAL LINE CONTROL LIMITS 
Averages using g........... xX X + Aw (@ as given by Eq. 13) 
Averages using R.......... xX X + AR (Ras given by Eq. 16) : 
Standard deviations ....... @ BG and B,@ (@ as given by Eq. 13) 
and D,R (R as given by Eq. 16) 


. ' Table I gives many of the factors here proposed for use in computing control chart lines. The convenient 
abular arrangement of this table corresponds closely to that used in E. S. Pearson's *“‘Report on the Appli- 
-ation of Statistical Methods to Industrial Standardization and Quality Control,” British Standards ° 
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8. Control Charts for Averages, X, and for Standard Deviations, o 
For samples of size n, 


ContTROL CHART LINES 


Control Limits 
Central 
ine Values 
Using Equation 
Factors in 
o’ 
xX xX’ + Ao + (1) 
n 
For standard deviations, o.... Byo’ and B.o' | ao’ + 3 (2) 
n 


For samples of » greater than 25, consider ¢ = 1. 
For samples of m = 25 or less, use Table I for factors A, B, and B,. 
9. Control Chart for Ranges, R.—The range, R, of a sample is the 
difference between the largest observation and the smallest observation. 
For samples of size n, 
ContTROL CHART LINES 


Control Limits 
Central 
Line Values : 
Using | Equation 
Factors in 
Table I 


For samples of m = 15 or less, use Table I for factors dz, D; and D:. 

Values of op are given by Tippett.' 

Comments on Use of Control Chart for Ranges.—Because of ease of 
computation, the control chart for range, R, is frequently used as an eco- 
nomical substitute for the control chart for standard deviaton, o, more 
particularly in routine inspection work. It is not recommended as a sub- 
stitute, however, for samples of more than 10 observations, since the 
range becomes rapidly less efficient than the standard deviation as 4 
detector of assignable causes as increases beyond this value. 

10. Control Chart for Values of p.—The function / is widely used in 
inspection to represent the “fraction defective,” that is, the fraction of the 
total number of units in a sample that fails to conform with a requirement 
fora unit. A single instance of a quality irregularity, such as a failure to 
conform with a requirement for a unit, will be termed a “‘defect.”’ 

This measure of quality (fraction defective p) is particularly useful in 
inspection and testing, for characteristics that can be measured only on 4 


'L. H. C. Tippett, ‘‘On the Extreme Individuals and the Range of Samples Taken from a Normal Pog 


tion, * Biometrika, Vol. XVII, Parts III and IV, December, 1925, pp. 364-387, 000 an 
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go no-go basis (method of attributes) and is widely used for variable char- 
acteristics even where measured values are obtained (method of variables). 
The function, ~, may also be used for fraction of total number of observa- 
tions falling above or below any chosen value of X (or within or without 
any two chosen values of X), for a variable characteristic. Ordinarily, the 
control chart for p is most useful when samples are large, say when 1 is 
greater than 50 to 100; more specifically when the expected number of 
items (defects, or other occurrences of interest) per sample is four or more 
(expected pn = 4 or more). 


For samples of size n, 


CONTROL CHART LINES 


CENTRAL 
LINE ContTrROL Limits 
n 


11. Control Chart for Number of “Defects,” pn.—See explanation of 
“defect” in Section 10. This chart is the equivalent of the control 
chart for », for which it is a convenient practical substitute particularly 
when all samples have the same size, m. It makes direct use of the number 
of defects, pn, in a sample (pm = fraction defective times sample size). 

For samples of size n, 


CONTROL CHART LINES 
CENTRAL : 


LINE ContTrov Limits 


When p’ is small, say less than 0.05, (1 — p’) may be considered as 
equal to unity for most practical purposes, which gives the simple equation: 


Controt—No STANDARD GIVEN 


12. Introduction. This part of the Supplement relates to the tech- 
nique of analysis for control when no standard is given, as noted under 
(B) in Section 3. Here standard values of X’, o’, p’, etc., are not given, 
hence values derived from the numerical observations are used for the 
purpose of analysis. The values used as central lines are indicated in the 
following sections for various conditions. 

13. Control Charts for Averages and for Standard Deviations — 
Large Samples.—This section assumes that a set of observed values of a 
variable X is divisible into m rational subgroups (samples) of more than 25 
observations each, having #2, . . - observations, respectively. 
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(a) Samples Approximately Equal in Size: 


CONTROL CHART LINES) 


CENTRAL 
LINE ConTROL Limits 
Vii 
For standard deviations, g......... 
2n 
where X = the grand average of the observed values of X for all samples, 


Mm + lm 
average number of observations per sample. 


(b) Samples Widely Different in Size——Same as in Paragraph (a), 
except compute control limits for each sample separately, using the indi- 
vidual sample size, , in the equation for control limits. 

(c) Samples of Equal Size-—Same as in Paragraph (a), except 


(10) 
m 


n = n = number of observations in each sample. 

14. Control Charts for Averages and for Standard Deviations— 
Small Samples of Equal Size.—This section assumes that a set of observed 
values of a variable X is divisible into m rational subgroups (samples) o! 
equal size, each subgroup containing = 25 or less observed values. 


CONTROL CHART LINES 


_ Control Limits 


Central 
quation 
— Pactors in 
Table I 

= — 
For averages, Y » (11) 

avn 
For standard deviations, o.... B;¢ and | + 3 (12) 

C2V2n 

_ where X = the grand average of observed values of X for all samples, 


+ O32 +...... on 43 
m 


where @;, 02, etc., refer to the observed standard deviations for the firs! 

second, etc., samples. 
and factors ¢, Ai, Bs; and B, are given in Table I. — 
; For small samples of unequal size, no general rule may be given” 


view of certain theoretical difficulties. The following working rule is ho" 
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ever generally satisfactory. Use Eqs. 1 and 2 (or factors) given in Section 


8, substituting for o’ in Section 8 the average value of observed ¢ for the 


C2 
individual samples. As shown in example B5 of Section 19, the computa- 
tion can be simplified by combining in separate groups all samples having 
the same sample size, . Control limits may then be determined separately 
as in Section 8, for each sample size, m. These difficulties can be avoided, 
if in planning for the collection of data, the samples are made of equal size. 

15. Control Charts for Averages, X, and for Ranges, R,—Equal 
Samples of n = 10 or Less.—This section assumes that a set of observed 
values of a variable X is divisible into m rational subgroups (samples) of 
equal size, each subgroup containing = 10 or less observed values. 

Where economy of effort is important, this method may be used if it is 
desired to construct a control chart for averages only, or control charts 
for averages and ranges instead of for averages and standard deviations 
as in Section 14. 

See comments in Section 9 on the use of control charts for ranges. 


CONTROL CHART LINES 


Control Limits 


Central 
Line Values 
Using Equation 

Factors in 

Table I 
For ave X + A.R xX +3 R (14) 

ges, X xX , 2 


where X = the grand average of observed values of X for all samples, 
R = the average value of range R for the m individual samples, 


_R +R + + Rn (16) 


d,, Ax, Ds and D, are given in Table I, and oz may be found in tables by 
Tippett! by taking R/d, as the standard deviation of the universe sampled. 


For samples of unequal size, no general rule can be given. ‘The follow- 
ing working rule is however generally satisfactory. Use Eqs. 1 and 3 (or 
factors) in Sections 8 and 9, substituting for o’ in Sections 8 and 9 the 
observed R 


2 
shown in example B6 of Section 19, the computation can be simplified by 
combining in separate groups all samples having the same sample size, . 
Control limits may then be determined separately as in Sections 8 and 9 
Loc, eit. 


P 


average value of the ratio for the individual samples. As 
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for each sample size, m. These difficulties can be avoided, however, if in 
planning for the collection of data the samples are made of equal size. 

16. Control Chart for Values of p.—This section assumes that the 
set of test records is divisible into m rational subgroups (samples) repre. 
senting ™, M2, . . . Mm units, respectively. See Section 10 for brief dis. 
cussion of uses of p as a measure of quality. In this section, / will for 
convenience be referred to as the “fraction defective.” Oe 

(a) Samples Approximately Equal in Size: 


CONTROL CHART LINES 
CENTRAL 


INE CONTROL Limits 
— total number of defects in all samples 
total number of units in all samples 
= fraction defective in the complete set of records oe | 
nm = average sample size for the m samples. 


If the computed value of the lower control limit is negative, call it 0. 

(b) Samples Widely Different in Size—Same as in Paragraph (a), 
except compute control limits for each sample separately, using the indi- 
vidual sample size, ”, in Eq. 17. 

(c) Samples of Equal Size—Same as in Paragraph (a), except : 


n =n = number of units in each sample. 


17. Control Chart for Number of “Defects,” pn.—See explanation 
of “defect” in Section 10. This chart is the equivalent of the contr 
chart for p, for which it is a convenient practical substitute when all samples 
have the same size, n. 

For samples of size n, 


CONTROL CHART LINES a 
CENTRAL 
LINE CONTROL L IMITS 
For values of pn pn + 3V pn (1 — (19) 
(20) 


number of samples 
= the average number of defects in the m individual samples 
p = the value given by Eq. 18. 


_ 
When >» is small, say less than 0.05, (1 — p) may be considered 4 
equal to unity for most practical purposes, which gives the simple equatior, 


- Control limits = pn + 3 Von 
= (average number of defects) + 3V( average number of defects) 
where “average number of defects” means average number in tht 
= equal samples. 
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This is an application of the Poisson Exponential. As illustrated by 
example B9 of Section 19, this chart is a particularly convenient one to 
use where # and » are indeterminate, as for certain quality characteristics 
of finishes, textiles, materials, etc., which are continuous or extensive in 
respect to the feature of interest (such as physical defects, finish irregu- 
larities, flaws, etc.). Theoretically the requirements for its use are that 
p shall be very small, 7 very large, and pn (the average number of occur- 
rences per unit sample) finite. 


18. Control with Respect to a Given Standard. 


Example Al—Control Charts for X and o, Sample Sizes Equal and Large (Sec- 
tion 8).—A manufacturer attempted to maintain an aimed-at distribution of quality 

. . (18) for a certain operating characteristic. The objective standard distribution which * 
served as a target was defined by standard values X’ = 35.00 lb. and o’ = 4.20 Ib. 


Table II gives observed values of X and o for daily samples of m = 50 observations 
each for ten consecutive days. Figure 2 gives control chartsforX ando © 7 
| TABLE II.—OPERATING CHARACTERISTIC, DAILY CONTROL DATA, 
nh (a) SAMPLE STANDARD 
SIzE, AVERAGE, DEVIATION, 
indi- SAMPLE n X 


38 
Central Lines 34 
For X: X’ = 35.00. 4 
For ¢: o = 4.20. Z 
9) Control Limits 


(20) For X: X’ 3%, = 35.00 + 1.78, 
Vv “4 


n e 
33.22 and 36.78. 


For ¢: 3- = 4.20 1.260, 


Standard Deviation, 0” 


ered v2n Sample Numbe 
2.940 and 5.460. 
uation, Fic. 2.—Control Charts for ¥ and a. 


> 


Large samples, X’, a’ given. 


Resutts: Lack of control at standard level indicated on third and ninth days. 
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Example A2—Control Charts for X and R (Sections 8 and 9).—Same problem as 
in example Al where X’ = 35.00 Ib. and o = 4.201b. The manufacturer wished to 
control variations in quality from lot to lot by taking a small sample from each lot, 
Table III gives observed values of X and R for samples of n = 9 each, selected from 
ten consecutive lots. Since the sample size n is less than 10 he elected to use control 
charts for X and R rather than for Xando. Figure 3 gives the control charts for 
X and R. 


TABLE IIJ.—OPERATING CHARACTERISTIC, Lot By Lot CONTROL Data. 


SAMPLE 
Size, AVERAGE, RANGE, 
Lot n X 


Average, X 
uo 


Central Lines 


For x: ty = 35.00. 
For R: dso’ = 2.97 (4.20) = 12.47. 6 8 10 


Control Limits 


For ¥: + Ao’ = 35.00 * (1.000)(4.20), 
30.80 and 39.20. 
For R: D,o’ and 
(0.546)(4.20) and (5.394)(4.20), 24686 8 
2.29 and 22.65. Sample Number 


Fic. 3.—Control Charts for X and R. 
Small samples, X’, ao’ given. 


RESULTs: Since no points fell outside the control limits on either chart, 1 
corrective action appeared necessary. 
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Example A3—Control Charts for Fraction Defective p (Section 10).—The manu- 
facturer wished to control quality of an adjustment characteristic of a type of elec- 
trical apparatus at a level such that the fraction defective p’ = 0.0020 (2 defective 
units per thousand). Table IV gives observed values of “number of defects” for 


this item found in samples drawn from successive lots. Sample sizes vary consider- — 


ably from lot to lot and, hence, control limits are computed for each sample. Equiva- 
lent control limits for “‘number of defects,” pn, are shown in the table. In this way, 


control limits for pn and it would not be necessary to compute the value of p in each 
instance. Figure 4 shows the control chart for p. 


the original records showing “number of defects”? may be compared directly with m1 


TABLE IV.—ADJUSTMENT IRREGULARITIES, ELECTRICAL APPARATUS, 


Upper Upper 
Sample Number of Fraction Control Control 
Lot ’ Size, Defects Defective, Limit Limit 
n p for pn for ? 
1300 2 0.0015 7.3 0.0056 
2000 1 0.0005 10.0 0.0050 
1550 5 0.0032 8.2 0.0053 
260 0 0 2.7 0.0104 
No. 11.. 1550 7 0.0045 8.2 0.0053 
No. 12.. 950 2 0.0021 6.2 0.0065 
No. 13.. 950 5 0.0053 6.2 0.0065 
950 2 0.0021 6.2 0.0065 
EOI 35 0 0 0.9 0.0248 
330 3 0.0091 0.0095 
eae eo 200 0 0 2.3 0.0116 
ene 600 4 0.0067 4.4 0.0074 
1300 8 0.0062 7.3 0.0056 
780 4 0.0051 5.3 0.0068 
40.02 
| 
Control Limits 
8 0 


: 
34/ 7’) 5 10 15 20 
Lot Number 


Fic, 4.—Control Chart for p. 
given. 
Upper control limits given in last column of Table IV. Computed values of lower 
control limit are negative for all m sizes, hence are all taken as equal to 0. 
e oy SULTS: Lack of control and need for corrective action indicated by lots Nos. 
and 19, 
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19. Control—No Standard Given. 


Example B1—Control Charts for X and o, Equal Large Samples (Section 13).— 
| Same data as in example Al and Table II. Although in example A1, quality did not 


appear to be controlled at the standard level, the manufacturer wished to determine 
if his product were controlled at some level other than the standard level. 
case, central lines and control limits are based solely on the data. 
control charts for X and @. 


For X: X = 34.00. 
For o:¢ = 4.40. 


In this 
Figure 5 gives 


X 


WN 
oO 


Control Limits 


on 


For X¥: + = 34.00 1.87, 
Vn 


32.13 and 35.87. 


ro) 


«3 = 4.40 1.320, 2 4 6 8 10 
nN 
le Numb 
3.080 and 5.720. 
Fic. 5.—Control Charts for X and ¢. 


Large equal samples, no standard given. 


Standard Deviation, Average, 


_ Resutrs: Charts do not indicate lack of control, but comparing these results 
with those obtained in Fig. 2 (example Al), it would appear necessary for the manu- 


facturer to make such adjustment in his process as to raise the control level ad X up 
to the desired standard value. 
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Example B2—Control Charts for X and o, Unequal Large Samples (Section 13(b)). 
—To determine whether there existed any assignable causes of variation in quality 
for an important operating characteristic of a given product, the inspection results 
given in Table V were obtained from ten shipments of a product. 
from the ten shipments are unequal in size; hence, control limits are computed separ- 
ately for each sample size. Figure 6 gives the control charts for X and o. 


TABLE V.—OPERATING CHARACTERISTIC, MECHANICAL PART. 


SAMPLE 
SIZE, 

SHIPMENT n 
No. 1.. 50 
No. 3.. 100 
25 
50 
100 
50 
No. 10........ 50 

n = 55 


Weighted average = 53.80 


Central Lines 
: X = 53.80. 


Ps! 


Control Limits 


X: X = 3— = 53.80 = 
Vn 

25: 51.71 and 55.89, 

50: 52.32 and 55.28, 


= 100: 52.75 and 54.85. 
10.47 


2n 
25: 2.01 and 4.97, 
50: 2.44 and 4.54, | 
100: 2.75 and 4.23. 


Note.—In this example the average sample size, 7, 
between m sizes is too great (see Section 13 (6)). 


_ Resutts: Investigation was made of causes of the high average in the first 
hipment and the low averages in the third and eighth shipments. The standard 
eviation was favorably low in the third and ninth shipments. 
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STANDARD 
— VARIANCE, 
18.9225 


16.2409 
5.9049 
12.6736 
9.61600 
10.8900 
17.4724 
18.4900 
4.3681 
7.1289 


12.1761 


= V12.1761 = 3.49. 


Standard Deviation, 


2 4 6 8 10 
Shipment Number 


Fic. 6.—Control Charts for X¥ and o. 


Large unequal samples, no standard given. 


is not used since the difference 7 


The samples 


AVE 
X 
55 
ot 54 03 
ne 57 .43 
his 55 
5: 
5: "30 
5: 18 
5: .30 
5: .09 
5. .67 
50 
10.47 7, 2 4 6 8 10 
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n. n — 
n 
0 
anu- 4) 
Yin 
n 


1432 MANUAL ON PRESENTATION OF Data, SUPPLEMENT B © ye 


Example B3—Control Charts for X and o, Equal Small Samples (Section 14)~ 
Table VI gives breaking strength results on 10 lots of steel wire strand. A sample of 


n = 4 test specimens was taken per lot. Figure 7 shows control charts for X and g. 


TABLE VI.—BREAKING STRENGTH, STEEL WIRE STRAND. 


‘Test Values Standarc 
est Values Average, Range, 
Xi X2 Xs Xs x a R 
eee 7490 | 7535 | 7455 | 7480 | 7490.0 28.94 80 
OE Ee eR ee 6550 | 6495 | 6525 | 6465 | 6508.75 31.90 85 
6995 | 6995 | 6970 | 6880 | 6960.0 47 .30 115 
i Sa nee ree 7045 | 7060 | 7095 | 7035 | 7058.75 22.74 60 
6715 | 6740 | 6780 | 6720 | 6738.75 25.59 65 
6585 | 6630 | 6675 | 6645 | 6633.75 32.48 90 
6600 | 6590 | 6610 | 6650 | 6612.5 22.78 60 
6665 | 6670 | 6630 | 6660 | 6656.25 15.56 40 
I See Sear 6440 | 6425 | 6460 | 6470 | 6448.75 17 .46 45 
re ee 6660 | 6630 | 6605 | 6625 | 6630.0 19.69 55 
I>< 
7000 


Central Lines 
X = 6773.75. 
o = 26.44. 


Ave 


Control Limits 

For X: X + Aig = 6773.75 + 1.880(26.44), 

6724.04 and 6823.46. 

For o: B;¢ and = (0)(26.44) and > A 6 

(2.330)(26.44), 0 and 61.61. 
Lot Number 
Fic. 7.—Control Charts for X and ¢. 
Small equal samples, no standard given. 

Resutts: Charts indicate the presence of assignable causes of variation in 

average breaking strength, X, from lot to lot. 


Example B4—Control Charts for X and R, Equal Small Samples (Section 15).— 
Same data as in example B3, Table VI. Use is made here of control charts for aver- 
ages and ranges rather than for averages and standard deviations. Figure 8 shows 


Standard Deviation, o 
mw 
wom Oo 


For R: D3R and D,R = (0)(69.5) and 
(2.282)(69.5), 0 and 158.60. 


control charts for ¥ and R. 7 nc 71500 
& 7 
Central Lines Z 6500F 
For X: X = 6773.75. 6000 
For R: R 69.5. 200 
For X: + AsR = 6773.75 + (0.729)(69.5), 2 A 
6723.08 and 6824.42. 


Lot Number 


Fic. 8.—Control Charts for X and & 
Small equal samples, no standard given. 

Resutts: The results are practically identical in all respects with those obtaine 
by using average and standard deviation, Fig. 7. 
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of ‘ 
| Example B5—Control Charts for X and a, Small Unequal Samples (Section 14).— 
” Table VII gives interlaboratory calibration check data on 21 horizontal tension 
testing machines. The data represent tests on No. 16 wire. The procedure is similar 
aK to that given in example B3 but indicates a suggested method of computation when 
pe samples are not equal in size. Figure 9 gives control charts for X¥ and o 
TABLE VII.—INTERLABORATORY CALIBRATION, HORIZONTAL TENSION TESTING MACHINES. 
Test Value Standard 
Number Average,| Deviation, 7 Range, R 
Machine i) 1 2 3 4 5 XY 
Tests n=4|n=5|n=4|n=5 
SS Ee 5 73 | 73 | 73 | 7 | 75 | 73.8 0.98 2 
5 70 | 71 | 71 | 71 72 71.0 0.63 2 
5 | 74 | 4 | 7% 75 | 74.2 0.40 
CURE aearmiinahat 5 70 | 70 | 70 | 72 | 73 | 71.0 1.26 3 
5 70 | 70 | 70 | 70 | 70 | 70.0 0 0 
5 65 | 6 | 66 | 69 | 70 | 67.0 |....} 2.10] ....] 5 
4 72 | 72 | 74 | 7%) — | 73.5 |1.66]....] 4 |.... 
5 69 | 70 | 71 | 73 | 73 | 71.2 |....}1.60|....] 4 
5 7 | 71 | 7 7 72 «71.2 0.40 1 
5 | 7 | | 7 | 72 71.2 0.40 1 
5 | 7 | 72 | 72 | 72 | 71.6 0.49 1 
5 70 | 71 71 | 72 | 72 71.2 0.75 2 
5 73 | 74 | 74 75 | 75 | 74.2 0.75 2 
5 74 | 74 7 | 75 | 75 | 74.6 0.49 1 
5 72 | 72 | 72 | 73 | 73 | 72.4 0.49 1 
4 75 | 7% | 7 | 7% | — | 73 |019]....| 1 |... 
5 68 | 69 | 69 | 69 | 70 | 69.0 | .... | 0.63 2 
5 71 | 71 | 72 | 72 | 73 | 71.8 0.75 2 
5 722 | 73 | 73 | 73 | 73 | 72.8 0.40 i 
No. 20... 5 68 | 69 | 70 | 71 | 71 | 69.8 1.17 3 
5 69 | 69 | 69 | 69 | 69 | 69.0 0 0 
103 1.85 |13.69} 5 | 34 
Average... n=4.9 Weighted average = 71.65 
1/1.85 13.69 
nda, = 21\0.7979 * 0.8407 
en. Central Lines 
on in For X: X = 71.65. 80 7 
For =4,6 = = (0.7979)(0.887) Ix 
= Go’ = (0.8407)(0.887) 5 70 
shows = 0.746. <= 
Control Limits © 
For X:n = 4, § 
X + Ayo = 71.65 +(1.880)(0.708), 
70.32 and 72.98. & 
X Aio = 71.65 +(1.596)(0.746), 20 
(2. 330 0. 708 Fic. 9.—Control Charts for ¥ and a. 
)( an Small unequal samples, no standard given. 
n = 5, Bso and (0)(0.746) and 
0 (2.128)(0.746), 0 and 1.587. 
ReEsutts: Calibration levels of machines were not closely controlled at a common 
, level; the averages of six machines are above and the averages of five machines are 
and below control limits. The variability within machines appeared fairly well controlled 
given. since only two machines, No. 6 and No. 8, have standard deviations outside control 


ptained limits. 
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Example B6—Control Charts for X and R, Small Unequal Samples (Section 15).— 
Same data as in example B5, Table VII. In the analysis and control charts, the 
range is used instead of the standard deviation. The procedure is similar to that 


given in example B4 but indicates a suggested method of computation when samples 
are not equal in size. Figure 10 gives control charts for X and R. 


34 
= 21\2.059 * 2.326) ~ 


Central Lines 
For X¥: X = 71.65. 
n = 


— 


For R: 4,R = = (2.059)(0.812) = 
1.67. 
n =5,R =d.0' = (2.326)(0.812) = 
1.89, 
Control Limits 6 
For X¥:n = 4, 
X + = 71.65 + (0.729)(1.67), 
bogs 43 a 72. 87. £ 2 
“Aad = 71.65 + (0.577) (1 89), 0 5 10 20 
70.56 and 72.74, 
For R: n = 4, D:R and D,R, (0)(1.67) and 
(2.282)(1.67), 0 and 3.81. Fic. 10.—Control Charts for X¥ and R. 
: ~~“ 5, D3R and DR, (0)(1.89) and Small unequal samples, no standard given. 


(2.114)(1.89), 0 and 4.00. 


Resutts: The results are practically identical in all respects with those obtained 
by using the average and standard deviation, Figure 9. 


C 
Example B7—Control Chart for p (Section 16).—Table VIII gives inspection Ce 
results for surface defects on 31 lots of a certain type of galvanized hardware. The 
quantity of hardware per lot varied considerably and corresponding variations in p 


sample sizes were introduced. For purposes of control analysis here, the samples are 

considered as approximately equal in size and accordingly the method given in Sec- 

tion 16(a) is used. The control limits may therefore be based on the average sample 

size. Figure 11 gives the control chart for fraction defective, p. In practice, results for 

are commonly expressed in “per cent defective,” using scale values of 100 times ?. 


— 

| 
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TasLe VIII.—Surrace Derects, GALVANIZED HARDWARE. 
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SAMPLE NUMBER OF 
SIZE, DEFECTS, FRACTION 
Lot DEFECTIVE 
- 18090 
235 
~ 
Central Line for p 
p = 0.0130. 
Control Limits for p —--------- 


ou 


0 and 0.0271. 


0.02F, 
p «34/2 =D) =0.0130+0.0141, |V 


for pn are: 
Central Line for pn 


Control Limits for pn 


pn + — p) = 7.59 + 8.21, 
0 and 15.80. 


REsutts: No evidence of lack of control. 


No standard given. 


5 io IS 20 
Correspondingly the control chart lines Lot Number 
Fic. 11.—Control Chart for p. 


| 
he 
rat 
id R. 
fen. 
ined 
ction | 
The 
ns in 
are 
Sec- 
sults 
1es 


1436 MANUAL ON PRESENTATION OF DATA, SUPPLEMENT B 


Example B8—Control Chart for pn, (Section 17).—Table IX gives the number of 
defects found in inspecting a series of 15 consecutive lots of galvanized washers for 
finish defects such as exposed steel, rough galvanizing. The lots were of almost the 
same size and a constant sample size, m = 400 was used. Figure 12 gives the control 
chart for pn. 


TABLE [X.—FinisH DEFECTS, GALVANIZED WASHERS. 


SAMPLE NUMBER OF 
Size, DEFECcTs, 

Lot n pn 

Central Line of 

at 
zA 0 


Control Limits § 
pn + 30 pn = 2.2 = 4.4, 


Lot Number 
0 and 6.6. Fic. 12.—Control Chart for pm. 
No standard given. 


Resutts: Lack of control of quality is indicated; points for lots Nos. 4 and 9 
are outside control limits. 


| 
| | 
| | 
| 

| ] 
&g 
| 7 
| 

— 


MANUAL ON PRESENTATION OF DaTA, SUPPLE 


MENT B 


Example B9—Control Chart for pn, p and n Indeterminate (Section 17).—Table X 
gives the results of continuous testing of a certain type of rubber-covered wire at 
specified test voltage. This test causes breakdowns at weak spots in the insulation 
which are cut out before shipment of wire in short coil lengths. Data obtained con- 
sist in records of the number of breakdowns in successive lengths of 10,000 ft. 
each. There may be 0, 1, 2, 3, ......... , etc., breakdowns per length, depending 
on the number of weak spots in the insulation. Here there is no natural unit of 
product (such as 1 in., 1 ft., 10 ft., etc.), in respect to the quality characteristic ‘‘ break- 
down”’ since failures may occur at any point. Hence, m may be considered infinite 
and p infinitely small, although pn is finite. We may therefore forget p and m in the 
computations and use ‘“‘number of breakdowns” as the statistic so long as we take 
equal lengths of wire. Figure 13 shows the control chart for pn. 


TABLE X.—NUMBER OF BREAKDOWNS IN SUCCESSIVE LENGTHS OF 10,000 FT. EACH— 
RUBBER-COVERED WIRE. 


NUMBER OF NUMBER OF 
LENGTH BREAKDOWNS LENGTH BREAKDOWNS 


° 
c 
~ 
co 


Central Line 20 
pn = 5 = 6.23. a 5 = '0 
5 10 15 20 25 30 
pn = SV pn = 


6.23 + 3>/6.23 Successive Lengths 
0 and Fic. 13.—Control Chart for pn. 


~ and n indeterminate, no standard given. 


Resutts: Presence of assignable causes of variation is indicated by points 
falling above upper control limit. 
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Abrasion. 
Proposed Method of Test for Abrasion of Coarse Aggregate. Report of Committee 
D-4, Appendix, 350. 


SUBJECT INDEX, VOLUME 35, PART I | 


Absorption. 
Comparison of Natural Weathering with Laboratory Tests of Clay Brick, by D. BO 
Parsons. Report of Subcommittee XI, Committee C-3, Appendix II, 252. 
Evaluation of Data (A Statistical Study of Bulk Specific Gravity and Mechanical 
Analysis Tests of Samples of Fine and Coarse Aggregate). Report of Subcommittee 
XI, Committee C-9, 271. 
The Relation of Freezing-and-Thawing Resistance to Physical Properties of Clay and 
Shale Building Brick, by J. W. McBurney. Report of Subcommittee XI, Com- 


mittee C-3, Appendix I, 247. 
Tentative Methods of Sampling and Testing Structural Clay Tile, 807. 


Tentative Methods of Tests for: 
Brick (Modulus of Rupture, Compressive Strength, Absorption), 791. _ 
Laminated Tubes Used in Electrical Insulation, 1030. 
Sheet and Plate Materials Used in Electrical Insulation, 1067. 
Tentative Specifications for Reinforced-Concrete Culvert Pipe, 817. 
Weathering and Porosity (of Brick). Report of Subcommittee XI, Committee C-3, 
243, 
Acidity. 
See Neutralization. 


Adhesion Test. - 
Tentative Methods of Test for: 
Adhesion of Vulcanized Rubber (Friction Test), 1173. 
Adhesion of Vulcanized Rubber to Metal, 1180. 
and Specifications for Friction Tape for General Use for Electrical Purposes, 1104. 
and Specifications for Rubber Insulating Tape, 1110. 
Admiralty Metal. 
Atmospheric Corrosion of Non-Ferrous Metals and Alloys. Report of Subcommittee 
VI, Committee B-3, 142. 
Corrosion in Liquids. Report of Subcommittee VII, Committee B-3, 160. 
Aggregates. - 
Concrete and Concrete Aggregates. Report of Committee C-9, 265. 
Evaluation of Data (A Statistical Study of Bulk Specific Gravity and Mechanical 
Analysis Tests of Samples of Fine and Coarse Aggregate). Report of Subcommittee 
XI, Committee C-9, 271. 
Proposed Method of Test for Abrasion of Coarse Aggregate. Report of Committee 
D-4, Appendix, 350. 
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Aggregates (Continued): 
Tentative Methods of Test for: 
Amount of Material Finer than No. 200 Sieve in Aggregates, 832. 
Determination of Voids in Coarse Aggregate for Concrete (Dry Rodded), 846, 
Soundness of Coarse Aggregates by Use of Sodium Sulfate or Magnesium Sulfate, 
837. 

Soundness of Fine Aggregates by Use of Sodium Sulfate or Magnesium Sulfate, 842. 
Tentative Revision | of Standard Method of ‘Test: for Sieve Analysis of Aansemnies for 
Concrete, 1395. 

-- ‘Tentative Methods of Test for Accelerated Aging of Vulcanized Rubber, 1167. 

- Tentative Specifications for Insulated Wire and Cable: Class AO, 30 per cent Hevea 
Rubber Compound, 1115. 

_ Tentative Specifications for Insulated Wire and Cable: Performance Rubber Com- 
pound, 1141. 


Alkalinity. 
See Neutralization. 


Alloy Steel. 
See also Steel. 
Corrosion in Liquids. Report of Subcommittee VII, Committee B-3, 160. 
Effect of Temperature on the Properties of Metals. Report of Joint Research Com- 
mittee, 121. 
Iron-Chromium, Iron-Chromium-Nickel and Related Alloys. Report of Committee 
A-10, 107. 
Proposed Revisions in Tentative Standard for Steel. Report of Committee A-l, 
Appendix, 69. 
Report on Effect of Long-Time Heating With and Without Stress on Impact Resistance 
of 18 per cent Chromium, 8 per cent Nickel Steel (K9 and K19 Steel). Report of 
Joint Research Committee on Effect of Temperature on the Properties of Metals, 
Appendix, 126. 
Tentative Definitions of Terms, with Units and Symbols, Relating to Magnetic Test- 
ing, 726. 
Tentative Method of Test for Long-Time (Creep) High-Temperature Tension Tests of 
Metallic Materials, 1291. 
Tentative Recommended Practice for Metallographic Testing of Ferrous and Non- 
Ferrous Metals, 1319. 
Tentative Revision of Standard Specifications for Alloy-Steel Bolting Material for 
High-Temperature Service, 1386. 
Tentative Revision of Standard Specifications for Quenched-and-Tempered Alloy-Steel 
Axles, Shafts and Other Forgings for Locomotives and Cars, 1377. 
Tentative Specifications for: 
: = Castings for Valves, Flanges and Fittings for Service at Temperatures 
from 750 to 1100 F., 597. 
~ Carbon-Steel and Alloy-Steel Castings for Railroads, 561. 
Corrosion-Resisting Chromium-Nickel Steels (Sheet, Strip and Plate), 667. 
Corrosion-Resisting Chromium Steels (Sheet, Strip and Plate), 657. 
- Corrosion-Resisting, High-Strength, Chromium-Nickel Steels (Sheet and Strip), 
677. 
Forged or Rolled Alloy-Steel Pipe Flanges, Forged Fittings, and Valves and Parts 
for Service at Temperatures from 750 to 1100 F., 616. 
Heat-Treated Carbon- and Alloy-Steel Track Bolts, 556. 
Seamless Alloy-Steel Pipe for Service at Temperatures from 750 to 1100 F., 605 
12 per cent Chromium Steel Castings, 623. 


| 
| 
&§ 
| 
| 
| 


SuBJEcT INDEX, PartTI 
“‘fentative Specifications for: 
19 per cent Chromium Steel Castings, 627. 
28 per cent Chromium Steel Castings, 631. 
24 per cent Chromium, 12 per cent Nickel Alloy Steel Castings, 635. 


P, 25 per cent Chromium, 20 per cent Nickel Alloy Steel Castings, 640. 
28 per cent Chromium, 9 per cent Nickel Alloy Steel Castings, 645. 

2. 20 per cent Nickel, 9 per cent Chromium Alloy Steel Castings, 649. 

or 35 per cent Nickel, 15 per cent Chromium Alloy Steel Castings, 653. 


Alloys, Non-Ferrous. 
See also Brass; Bronze; Copper; Electrical Resistance and Heating Alloys; Light 
Metals. 


ea Atmospheric Corrosion of Non-Ferrous Metals and Alloys. Report of Subcommittee ; 
VI, Committee B-3, 142. 
m- Atmospheric Exposure Tests on Non-Ferrous Screen Wire Cloth, by G. W. Quick. 4 


Report of Committee D-14, Appendix, 458. 
Copper and Copper Alloys, Cast and Wrought. Report of Committee B-5, 179. 
Corrosion in Liquids. Report of Subcommittee VII, Committee B-3, 160. 
, Corrosion of Non-Ferrous Metals and Alloys. Report of Committee B-3, 141. 


Description of the photographic inspection of die-cast specimens exposed for 4 years 
at six outdoor locations, 214. 
Die-Cast Metals and Alloys. Report of Committee B-6, 181. 


- Electrical-Heating, Electrical-Resistance and Electric-Furnace Alloys. Report of 
tte Committee B-4, 176. 

Exposure and Corrosion Tests. Report of Subcommittee V, Committee B-6, 190. 
Discussion, 227. 

Galvanic and Electrolytic Corrosion. Report of Subcommittee VIII, Committee B-3, 
ance 167. 
+t of An Investigation of Aluminum Die-Casting Alloys Nos. 1Va and Va. Report of Com- 
tals, mittee B-6, Appendix I, 184. 

Non-Ferrous Metals and Alloys. Report of Committee B-2, 136. 
Past The Role of Materials in Modern Housing, by John Ely Burchard, Summary of the 


Proceedings of the Thirty-eighth Annual Meeting, 14. 


ts of Screen Wire Cloth. Report of Committee D-14, 457. 
Spectrographic Analysis. Report of Committee E-2, 508. 


Non- Aluminum. 

Atmospheric Corrosion of Non-Ferrous Metals and Alloys. Report of Subcommittee 
1 for VI, Committee B-3, 142. 

Corrosion in Liquids. Report of Subcommittee VII, Committee B-3, 160. 
Steel Description of the photographic inspection of die-cast specimens exposed for 4 years 


at six outdoor locations, 214. 
Exposure and Corrosion Tests. Report of Subcommittee V, Committee B-6, 190. 
atures Discussion, 227. 
Galvanic and Electrolytic Corrosion. Report of Subcommittee VIII, Committee B-3, 
167. 
An Investigation of Aluminum Die-Casting Alloys Nos. I[Vaand Va. Report of Com- 
mittee B-6, Appendix I, 184. 
Strip), Report of inspections of metallic coatings on hardware, structural shapes, tubular 
goods, etc., exposed to atmosphere on test racks at five locations, 94. 
Tentative Method of Test for Long-Time (Creep) High-Temperature Tension Tests 
of Metallic Materials, 1291. 
Tentative Recommended Practice for Metallographic Testing of Ferrous and Non- 
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Amaloy (Hot-Dip Lead). 
Report on inspections of metallic coatings on hardware, structural shapes, tubular 
goods, etc., exposed to atmosphere on test racks at five locations, 94. 


Analyses. < 
See Chemical Analyses; Testing, Physical Methods of. a 


”7 (Methods of analyses, testing, etc., are also indexed under the materials and subjects 
covered by them.) 


Analysis Test Data. ; 
See Data, Analysis; and Presentation of. 


Annual Meeting. 
Annual Address by the President, Hermann von Schrenk, 27. 
Annual Report of the Executive Committee, 37. 
_ Ninth Award of Charles B. Dudley Medal. Summary of the Proceedings of the 
Thirty-eighth Annual Meeting, 13. 
Summary of the Proceedings of the Thirty-eighth Annual Meeting, 1. 


Anthracite. 
See Coal. 


Apparatus. 
See Testing Apparatus. 


Asbestos. 
Textile Materials. Report of Committee D-13, 435. 


Asphalt. 


Bituminous Waterproofing and Roofing Materials. Report of Committee D-8, 391. 
_ Road and Paving Materials. Report of Committee D-4, 344. 
_ Tentative Methods of Test for: 
Coarse Particles in Mixtures of Asphalt and Mineral Matter, 1001. = 
Emulsified Asphalts, 923. 
Residue of Specified Penetration, 935. 
Tentative Revision of Standard Method of Test for Flash Point by Means of the 
Pensky-Martens Closed Tester, 1401. 
Tentative Specifications for: 
Asphalt for Use in Constructing Built-Up Roof Coverings, 983. 
Asphalt Roofing Surfaced with Coarse Mineral Granules, 986. 
Asphalt Roofing Surfaced with Fine Mineral Granules, 990. 
Asphalt Roofing Surfaced with Powdered Talc or Mica, 994. 
Asphalt Shingles Surfaced with Coarse Mineral Granules, 998. 


Atmospheric Exposure. 
See Corrosion; Weathering. 


Automobiles. 
Symposium on the Place of Materials in Automobile Roads and Rides, Summary © 
the Proceedings of the Thirty-eighth Annual Meeting, 5. 


Automotive Castings. 
Tentative Specifications for Automotive Gray-Iron Castings, 709. 


Axle-Steel Reinforcement. 


ae 

— 

| 

| 

| ‘Tentative Specifications for Axle-Steel Concrete Reinforcement Bars, 552. _ 
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B 
Bars. 

Tentative Revisions of Standard Specifications for: ; 
Carbon-Steel Bars for Railway Springs with Special Silicon Requirements, 1378. 
Commercial Cold-Finished Bar Steels and Cold-Finished Shafting, 1382. 
Commercial Quality Hot-Rolled Bar Steels, 1381. ; 
Common Iron Bars, 1388. 
Refined Wrought-Iron Bars, 1388. : 
Staybolt, Engine-Bolt and Other High-Grade rr Iron Bars, 1388. 

Tentative Specifications for Axie-Steel Concrete Reinforcement Bars, 552. 

Tentative Specifications for Wrought-Iron Rivets and Rivet Rounds, 696. 

Beams. 

Proposed Revision of Standard Specifications for Structural Wood, Joist and Plank, 

Beams and Stringers, and Posts and Timbers (A.S.T.M. Designation: D 245 — 33). 
Report of Subcommittee I, Committee D-7, Appendix, 364. 
Bearing Metal. 
Tentative Specifications for Wrought Phosphor-Bronze Bearings and _ Expansion 
Plates for Bridges and Structures, 732. Sas 
Belting. 

Tentative Methods of Test for: 
Adhesion of Vulcanized Rubber (Friction Test), 1173. 
Flexing of Rubber Products, 1186. 
Physical Testing of Rubber Products (General Requirements), 1153. 

Bituminous Coal. 


See Coal 
Bituminous Materials. a 
See Asphalt; Petroleum Products; Waterproofing. 


Blue Lead. 
Tentative Methods of Test for Mass Color and Tinting Strength of Dry Color Pig- 
ments or Pastes, 882. 
Tentative Specifications for Blue Lead; Basic Sulfate, 873. 
Boiler Materials. 
Tentative Revision of Standard Specifications for Boiler Rivet Steel and Rivets, 1379. 
Tentative Revision of Standard Specifications for Lap-Welded and Seamless Steel and 
Lap-Welded Iron Boiler Tubes, 1384. 
Tentative Specifications for: 
Carbon-Steel and Alloy-Steel Castings for Railroads, 561. 
Carbon-Steel Castings for Miscellaneous Industrial Uses, 568. 
Carbon-Steel Plates for Boilers and Other Pressure Vessels for Stationary _ 
Service, 527. 
Electric-Resistance-Welded Steel and Open-Hearth Iron Boiler Tubes, 579. 
Forged or Rolled Steel Pipe Flanges for General Service, 575. 
High Tensile Strength Carbon-Steel Plates for Fusion-Welded Pressure Vessels 
(Plates over 2 in. up to and Including 4 in. in Thickness), 539. 
High Tensile Strength Carbon-Steel Plates for Pressure Vessels (Plates 2 in. and 
Under in Thickness), 534. 
Seamless Cold-Drawn Steel Heat-Exchanger and Condenser Tubes (Sizes }4 in. 
to but not Including 2 in. in Outside Diameter), 585. 
7 . Seamless Low-Carbon-Steel Still Tubes for Refinery Service, 590. 


Wrought-Iron Plates, 690. 


Wrought-Iron Rivets and Rivet Rounds, 696. - 
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Boiling Point - Gravity Number. 
Diesel-Fuel-Oil Classification. Report of Committee D-2, Appendix II, 340. 
Bolting. 
Report on inspections of metallic coatings on hardware, structural shapes, tubular 
goods, etc., exposed to atmosphere on test racks at five locations, 94. 
Tentative Revision of Standard Specifications for Alloy-Steel Bolting Material for 
High-Temperature Service, 1386. 
Tentative Specifications for Heat-Treated Carbon- and Alloy-Steel Track Bolts, 556. 
Bomb Test. 
See Aging Test. 
Braid. 
Tentative Methods of Testing and Tolerances for Tubular Sleeving and Braids, 1252. 
Tentative Specifications for Insulated Wire and Cable: Class AO, 30 per cent Hevea 
Rubber Compound, 1115. 


Brass. 
Atmospheric Corrosion of Non-Ferrous Metals and Alloys. Report of Subcommittee 
VI, Committee B-3, 142. 
_ Atmospheric Exposure Tests on Non-Ferrous Screen Wire Cloth, by G. W. Quick. 
Report of Committee D-14, Appendix, 458. 
Corrosion in Liquids. Report of Subcommittee VII, Committee B-3, 160. 
Tentative Method of Test for Long-Time (Creep) High-Temperature Tension Tests 
of Metallic Materials, 1291. 
Tentative Recommended Practice for Metallographic Testing of Ferrous and Non- 
Ferrous Metals, 1319. 
Tentative Revision of Standard Specifications for Composition Brass or Ounce Metal 
Sand Castings, 1392. 

Brick. 

Brick. Report of Committee C-3, 241. 

Comparison of Natural Weathering with Laboratory Tests of Clay Brick, by D. E. 
Parsons. Report of Subcommittee XI, Committee C-3, Appendix II, 252. 

Refractories. Report of Committee C-8, 259. 

The Relation of Freezing-and-Thawing Resistance to Physical Properties of Clay 
and Shale Building Brick, by J. W. McBurney. Report of Subcommittee XI, 
Committee C-3, Appendix I, 247. 

Weathering and Porosity. Report of Subcommittee XI, Committee C-3, 243. 

Tentative Definitions of Terms Relating to Refractories, 811. 

Tentative Methods of Testing Brick (Modulus of Rupture, Compressive Strength, 
Absorption), 791. 

Tentative Specifications for Building Brick (Made from Clay or Shale), 788. 


Bronze. 

Atmospheric Corrosion of Non-Ferrous Metals and Alloys. Report of Subcommittee 
VI, Committee B-3, 142. 

Atmospheric Exposure Tests on Non-Ferrous Screen Wire Cloth, by G. W. Quick. 
Report of Committee D-14, Appendix, 458. 

Corrosion in Liquids. Report of Subcommittee VII, Committee B-3, 160. 

Tentative Method of Test for Long-Time (Creep) High-Temperature Tension Test 
of Metallic Materials, 1291. 

Tentative Recommended Practice for Metallographic Testing of Ferrous and Nos 
Ferrous Metals, 1319. 

Tentative Revision of Standard Specifications for Steam or Valve Bronze San‘ 
Castings, 1393. 

Tentative Specifications for Bronze Trolley Wire, 740. ; 

Tentative Specifications for Wrought Phosphor-Bronze Bearings and Expansit 

Plates for Bridges and Structures, 732. 
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Building Brick. 
See Brick. 

Building Tile. 
See Tile. 

Tentative Methods of Testing Molding Powders Used in Manufacturing Molded 

Electrical Insulators, 1037. 


Copper Wire. Report of Committee B-1, 133. 

Tentative Methods of Testing Solid Filling and Treating Compounds Used for Elec- 
trical Insulation, 1006. 

Tentative Specifications and Tests for Friction Tape for General Use for Electrical 
Purposes, 1104. 


Tentative Specifications and Tests for Rubber Insulating Tape, 1110. 
Tentative Specifications for: 


_ Bare Stranded Copper Cable: Hard, Medium-Hard or Soft, 736. 


Insulated Wire and Cable: Class AO, 30 per cent Hevea Rubber Compound, 1115. 
Insulated Wire and Cable: Performance Rubber Compound, 1141. 
Cadmium. 
Report on inspections of metallic coatings on hardware, structural shapes, tubular 
goods, etc., exposed to atmosphere on test racks at five locations, 94. 
Tentative Specifications for Electrodeposited Coatings of Cadmium on Steel, 684. 


Calibration, Methods of. | 
Tentative Methods of Verification of Testing Machines, 1303. 
Calorific Value. 


Tentative Definitions of the Terms Gross Calorific Value and Net Calorific Value of : 
Fuels, 867. 
Carpets. 
Tentative Methods of Testing Pile Floor Covering, 1229. 
Cars. 
See Automobiles; Locomotives and Cars. 
Castings. 
See Alloy Steel; Aluminum; Cast Iron; Copper; Die Castings; Steel. 
Cast Iron. 
Cast Iron. Report of Committee A-3, 74. 
Corrosion in Liquids. Report of Subcommittee VII, Committee B-3, 160. 7 
Methods of Testing. Report of Subcommittee XI, Committee A-3, 77. 
Proposed Definitions of Terms Relating to Cast Iron. Report of Committee A-3, 
Appendix, 80. 
Tentative Recommended Practice for Metallographic Testing of Ferrous and Non- 
Ferrous Metals, 1319. 
Tentative Specifications for: 
Automotive Gray-Iron Castings, 709. 
Gray-Iron Castings, 713. 
Cast-Iron Culvert Pipe, 720. 
Cellulose Coatings. 
See also Lacquers. 
Tentative Methods of Test for Soluble Nitrocellulose Base Solutions, 889. 
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Cement. 
Cement Reference Laboratory. Report of Subcommittee, Committee C-1, 236. 
Cement. Report of Committee C-1, 230. 

Methods of Chemical Analysis. Report of the Working Committee, Committee 
C-1, 235. 

Proposed Method of Measurement of Average Particle Diameter of Sub-Sieve Par- 
ticulate Substances by Dark Field Methods. Report of Section, Committee E-1, 
Appendix, 505. 

Tentative Method of Chemical Analysis of Portland Cement, 766. 

Tentative Method of Test for Fineness of Portland Cement by Means of the Turbidi- 
meter, 777. 

Tentative Method of Test for Centrifuge Moisture Equivalent of Soils, 973. 

Cetane Number. 

Diesel-Fuel-Oil Classification. Report of Committee D-2, Appendix IT, 340. 

Chemical Analyses. 

Methods of Analysis of Paint Materials. Report of Subcommittee VIII, Committee 

D-1, 324. 

Methods of Chemical Analysis (of Cement). Report of the Working Committee, 
Committee C-1, 235. 

Spectrographic Analysis. Report of Committee E-2, 508. 

Tentative Methods of: 

Chemical Analysis of Portland Cement, 766. 

Identification of Fibers in Textiles and for the Quantitative Analysis of Tex- 
tiles, 1215. 

Testing and Tolerances for Rayon, 1233. 

Quantitative Spectrochemical Analysis of High Grade Pig Lead for Copper, 
Bismuth, Silver and Nickel, 1352. 

Quantitative Spectrochemical Analysis of Zinc Alloy Die Castings for Minor 
Constituents and Impurities, 1362. 

Quantitative Spectrochemical Analysis of Zinc for Lead, Iron and Cadmium, 1357. 

Tentative Revision of Standard Methods of Routine Analysis of White Linseed Oil 
Paints, 1399. 

Tentative Revision of Standard Methods of Routine Analysis of Yellow and Orange 
Pigments Containing Chromium Compounds, Blue Pigments and Chrome 
Green, 1399. 

Chromium Coatings. 


Tentative Specifications for Electrodeposited Coatings of Nickel and Chromium on 
Steel, 686. 
Chromium Steel. 
Effect of Temperature on the Properties of Metals. Report of Joint Research Com- 
mittee, 121. 
Iron-Chromium, Iron-Chromium-Nickel and Related Alloys. Report of Committee 
A-10, 107. 
Report on Effect of Long-Time Heating With and Without Stress on Impact Resistance 
of 18 per cent Chromium, 8 per cent Nickel Steel (K9 and K19 Steel). Report of 


Joint Research Committee on Effect of Temperature on the Properties of Metals, 
Appendix, 126. 


Tentative Specifications for: 


Corrosion-Resisting Chromium-Nickel Steels (Sheet, Strip and Plate), 667. 
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Tentative Specifications for: 
Corrosion-Resisting, High-Strength, Chromium-Nickel Steels (Sheet and Strip), 


677 

Corrosion-Resisting Chromium Steels (Sheet, Strip and Plate), 657. oe . 

12 per cent Chromium Steel Castings, 623. 

19 per cent Chromium Steel Castings, 627. 

28 per cent Chromium Steel Castings, 631. 

24 per cent Chromium, 12 per cent Nickel Alloy Steel Castings, 635. 

25 per cent Chromium, 20 per cent Nickel Alloy Steel Castings, 640. 

28 per cent Chromium, 9 per cent Nickel Alloy Steel Castings, 645. 

20 per cent Nickel, 9 per cent Chromium Alloy Steel Castings, 649. 

35 per cent Nickel, 15 per cent Chromium Alloy Steel Castings, 653. 
Clay Tile 


See Tile. 


Clay Pipe. 
Clay Pipe. Report of Committee C-4, 256. 
Tentative Definitions of Terms Relating to Clay Sewer Pipe, 829. 


Cloth. 
See Screen Wire Cloth; Textile Materials. 


Coal. 
Classification of Coals. Report of Sectional Committee, 357. 
Coal and Coke. Report of Committee D-5, 352. 
Tentative Definitions of the Terms Gross Calorific Value and Net Calorific Value 
of Fuels, 867. 
Tentative Methods of Test for: 
Grindability of Coal by Ball-Mill Method, 854. ——— 4 
Grindability of Coal by Hardgrove-Machine Method, 857. 
Screen Analysis of Coal, 863. 
Tentative Specifications for Classification of Coals by Rank, 847. 
Tentative Specifications for Round-Hole Screens for Testing Purposes, 1289. 


Coarse Particles. 7 


See also Mechanical Analysis. 

Tentative Method of Mechanical Analysis of Soils, 953. 

Tentative Method of Test for Coarse Particles in Mixtures of Asphalt and Mineral 
Matter, 1001. 


Coating Test. 
Tentative Methods of Testing Emulsified Asphalts, 923. 


Coke. 
Coal and Coke. Report of Committee D-5, 352. 
Tentative Definitions of the Terms Gross Calorific Value ond Net Calorific Value of 
Fuels, 867. 


Color. 
Tentative Methods of Test for Mass Color and Tinting Strength of Dry Color Pig- 
ments or Pastes, 882. 


Commercial Bar Steel. 
Tentative Revision of Standard Specifications for Commercial Cold-Finished Bar 
Steels and Cold-Finished Shafting, 1382. 
Tentative Revision of Standard Specifications for Commercial Quality Hot-Rolled 


Bar Steels, 1381. 
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Cement. 
Cement Reference Laboratory. Report of Subcommittee, Committee C-1, 236. 
Cement. Report of Committee C-1, 230. 

Methods of Chemical Analysis. Report of the Working Committee, Committee 
C-1, 235. 

Proposed Method of Measurement of Average Particle Diameter of Sub-Sieve Par- 
ticulate Substances by Dark Field Methods. Report of Section, Committee E-1, 
Appendix, 505. 

Tentative Method of Chemical Analysis of Portland Cement, 766. 

Tentative Method of Test for Fineness of Portland Cement by Means of the Turbidi- 
meter, 777. 


Centrifuge. 
Tentative Method of Test for Centrifuge Moisture Equivalent of Soils, 973. 


Cetane Number. 
Diesel-Fuel-Oil Classification. 


Chemical Analyses. 


Report of Committee D-2, Appendix IT, 340. 


Methods of Analysis of Paint Materials. 
D-1, 324. 

Methods of Chemical Analysis (of Cement). 
Committee C-1, 235. 
Spectrographic Analysis. 

Tentative Methods of: 

Chemical Analysis of Portland Cement, 766. 

Identification of Fibers in Textiles and for the Quantitative Analysis of Tex- 
tiles, 1215. 

Testing and Tolerances for Rayon, 1233. 

Quantitative Spectrochemical Analysis of High Grade Pig Lead for Copper, 
Bismuth, Silver and Nickel, 1352. 

Quantitative Spectrochemical Analysis of Zinc Alloy Die Castings for Minor 
Constituents and Impurities, 1362. 

_ Quantitative Spectrochemical Analysis of Zinc for Lead, Iron and Cadmium, 1357. 

Tentative Revision of Standard Methods of Routine Analysis of White Linseed Oil 
Paints, 1399. 

Tentative Revision of Standard Methods of Routine Analysis of Yellow and Orange 
Pigments Containing Chromium Compounds, Blue Pigments and Chrome 
Green, 1399. 

Chromium Coatings. 
Tentative Specifications for Electrodeposited Coatings of Nickel and Chromium on 
Steel, 686. 


Chromium Steel. 
Effect of Temperature on the Properties of Metals. 
mittee, 121. 
Iron-Chromium, Iron-Chromium-Nickel and Related Alloys. 
A-10, 107. 
Report on Effect of Long-Time Heating With and Without Stress on Impact Resistance 
of 18 per cent Chromium, 8 per cent Nickel Steel (K9 and K19 Steel). Report of 
Joint Research Committee on Effect of Temperature on the Properties of Metals, 
Appendix, 126. 
Tentative Specifications for: 
Corrosion-Resisting Chromium-Nickel Steels (Sheet, Strip and Plate), 667. 


Report of Subcommittee VIII, Committee 
Report of the Working Committee, 


Report of Committee E-2, 508. 


Report of Joint Research Com- 


Report of Committee 
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Tentative Specifications for: 


677. 

Corrosion-Resisting Chromium Steels (Sheet, Strip and Plate), 657. 
12 per cent Chromium Steel Castings, 623. 

19 per cent Chromium Steel Castings, 627. 

28 per cent Chromium Steel Castings, 631. 

24 per cent Chromium, 12 per cent Nickel Alloy Steel Castings, 635. 
25 per cent Chromium, 20 per cent Nickel Alloy Steel Castings, 640. 
28 per cent Chromium, 9 per cent Nickel Alloy Steel Castings, 645. 
20 per cent Nickel, 9 per cent Chromium Alloy Steel Castings, 649. 
35 per cent Nickel, 15 per cent Chromium Alloy Steel Castings, 653. 


Clay Hollow Tile. 
See Tile. 


Clay Pipe. 
Clay Pipe. Report of Committee C-4, 256. 
Tentative Definitions of Terms Relating to Clay Sewer Pipe, 829. 


Cloth. 
See Screen Wire Cloth; Textile Materials. 


Coal. 
Classification of Coals. Report of Sectional Committee, 357. 
Coal and Coke. Report of Committee D-5, 352. 

Tentative Definitions of the Terms Gross Calorific Value and Net Calorific Value _ 
of Fuels, 867. 
Tentative Methods of Test for: 

Grindability of Coal by Ball-Mill Method, 854. aoa 
Grindability of Coal by Hardgrove-Machine Method, 857. 
Screen Analysis of Coal, 863. 
Tentative Specifications for Classification of Coals by Rank, 847. 
Tentative Specifications for Round-Hole Screens for Testing Purposes, 1289. 


Coarse Particles. 
See also Mechanical Analysis. 
Tentative Method of Mechanical Analysis of Soils, 953. 
Tentative Method of Test for Coarse Particles in Mixtures of Asphalt and Mineral 
Matter, 1001. 


Coating Test. 
Tentative Methods of Testing Emulsified Asphalts, 923. 


Coke. 
Coal and Coke. Report of Committee D-5, 352. 
Tentative Definitions of the Terms Gross Calorific Value and Net Calorific Value of 
Fuels, 867. 


Color. 
Tentative Methods of Test for Mass Color and Tinting Strength of Dry Color Pig- 
ments or Pastes, 882. 


Commercial Bar Steel. 
Tentative Revision of Standard Specifications for Commercial Cold-Finished Bar 
Steels and Cold-Finished Shafting, 1382. 
Tentative Revision of Standard Specifications for Commercial Quality ms Rolled - 
Bar Steels, 1381. 


High-Strength, Chromium-N (Sheet and Strip), 
of 
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Compression Testing. 
Comparisons of Different Types of Specimens for Compression Tests of Mortar, by 
H. J. Gilkey and H. Walter Leavitt. Report of Committee C-9, Appendix I, 281. 
Tentative Methods of Test for: q 
Brick (Modulus of Rupture, Compressive Strength, Absorption), 791. 
_ _ Compression of Concrete Using Portions of Beams Broken in Flexure (Modified 


Cube Method), 835. 
Laminated Round Rods Used in Electricai Insulation, 1026. 
_ Laminated Tubes Used in Electrical Insulation, 1030. 
_ Sheet and Plate Materials Used in Electrical Insulation, 1067. 
Structural Clay Tile, Sampling and Testing of, 807. 
Tentative Specifications for Cast-Iron Culvert Pipe, 720. 
Tentative Specifications for Reinforced-Concrete Culvert Pipe, 817. 
Concrete. 
Comparisons of Different Types of Specimens for Compression Tests of Mortar, by 
H. J. Gilkey and H. Walter Leavitt. Report of Committee C-9, Appendix I, 281. 
Concrete and Concrete Aggregates. Report of Committee C-9, 265. 
Concrete Pipe. Report of Committee C-13, 310. 
Evaluation of Data (A Statistical Study of Bulk Specific Gravity and Mechanical 
Analysis Tests of Samples of Fine and Coarse Aggregate). Report of Subcommittee C 
XI, Committee C-9, 271. 
Methods of Test for Determining Volume Changes in Concrete, by Raymond E. Davis. 
Report of Committee C-9, Appendix II, 298. 
The Role of Materials in Modern Housing, by John Ely Burchard, Summary of the 
Proceedings of the Thirty-eighth Annual Meeting, 14. 
Symposium on the Place of Materials in Automobile Roads and Rides, Summary of 
the Proceedings of the Thirty-eighth Annual Meeting, 5. 
Tentative Methods of Test for: Cc 
Amount of Material Finer than No. 200 Sieve in Aggregates, 832. 
Compression of Concrete Using Portions of Beams Broken in Flexure (Modified 
Cube Method), 835. 
Determination of Voids in Coarse Aggregate for Concrete (Dry Rodded), 846. 
Soundness of Coarse Aggregates by Use of Sodium Sulfate or Magnesium Sul- 
fate, 837. 
Soundness of Fine Aggregates by Use of Sodium Sulfate or Magnesium Sul- 
fate, 842. 
Tentative Revision of Standard Method of Test for Sieve Analysis of Aggregates for 
Concrete, 1395. 
Tentative Revision of Standard Specifications for Concrete Sewer Pipe, 1394. 
Tentative Specifications for Concrete Irrigation Pipe, 812. _ 


Tentative Specifications for Reinforced-Concrete Culvert Pipe, 817. 
Concrete Reinforcement. 
Tentative Specifications for Axle-Steel Concrete Reinforcement Bars, 552. 
Condenser Tubes. 
Tentative Specifications for Seamless Cold-Drawn Steel Heat-Exchanger and Con- 
denser Tubes (Sizes } in. to but not Including 2 in. in Outside Diameter), 585. 
Consistency. 
See also Viscosity. 
Tentative Methods of Test for Soluble Nitrocellulose Base Solutions, 889. ; Co 
Control Chart Data Analysis. 
“Control Chart’”’ Method of Analysis and Presentation of Data. Supplement B 
(1935) to A.S.T.M. Manual on Presentation of Data, 1418. ; 
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Copper. 

See also Brass; Bronze. 

Atmospheric Corrosion of Non-Ferrous Metals and Alloys. Report of Subcommittee _ 
VI, Committee B-3, 142. 

Atmospheric Exposure Tests on Non-Ferrous Screen Wire Cloth, by G. W. Quick. 
Report of Committee D-14, Appendix, 458. 

Copper and Copper Alloys, Cast and Wrought. Report of Committee B-5, 179. 

Corrosion in Liquids. Report of Subcommittee VII, Committee B-3, 160. 


Galvanic and Electrolytic Corrosion. Report of Subcommittee VIII, Committee — 
B-3, 167. 


7 Tentative Method of Test for Long-Time (Creep) High-Temperature Tension Tests 


of Metallic Materials, 1291. 
Tentative Recommended Practice for Metallographic Testing of Ferrous and Non- | 
Ferrous Metals, 1319. 
Tentative Revision of Standard Specifications for Sand Castings of the Alloy: Copper — 
88 per cent; Tin 8 per cent; Zinc 4 per cent, 1392. 
Tentative Specifications for Lead-Coated Copper Sheets, 746. 
Tentative Specifications for Wrought Phosphor-Bronze Bearings and Expansion - 
Plates for Bridges and Structures, 732. 
Copper Wire. 
Copper Wire. Report of Committee B-1, 133. 
Tentative Revision of Standard Specifications for Copper Trolley Wire, 1391. 
Tentative Specifications for: 
Bare Stranded Copper Cable: Hard, Medium-Hard or Soft, 736. 
Copper-Silicon Alloy Wire for General Purposes, 750. 
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Insulated Wire and Cable: Class AO, 30 per cent Hevea Rubber Compound, 11 15. 
Insulated Wire and Cable: Performance Rubber Compound, 1141. 
Corrosion. 
See also Weathering. 
Atmospheric Corrosion of Non-Ferrous Metals and Alloys. Report of Subcommittee — 
VI, Committee B-3, 142. 
Atmospheric Exposure Tests on Non-Ferrous Screen Wire Cloth, by G. W. Quick. — 
Report of Committee D-14, Appendix, 458. 
Corrosion in Liquids. Report of Subcommittee VII, Committee B-3, 160. 
Corrosion of Iron and Steel. Report of Committee A-5, 81. 
Corrosion of Non-Ferrous Metals and Alloys. Report of Committee B-3, 141. 
Description of the photographic inspection of die-cast specimens exposed for 4 years 
at six outdoor locations, 214. 
Exposure and Corrosion Tests. Report of Subcommittee V, Committee B-6, 190. 
Discussion, 227. 
Field Tests of Metallic Coatings. Report of Subcommittee VIII, Committee A-5, 88. 
Galvanic and Electrolytic Corrosion. Report of Subcommittee VIII, Committee 


B-3, 167. 
Petroleum Products and Lubricants. Report of Committee D-2, 327. 
" Report on inspections of metallic coatings on hardware, structural shapes, tubular 


goods, etc., exposed to atmosphere on test racks at five locations, 94. 
Statement on principles of testing paints and combinations of paints on steel panels 
(with particular reference to submerged conditions), 322. 
Corrosion-Resisting Alloys. 
lron-Chromium, Iron-Chromium-Nickel and Related Alloys. Report of Committee 
B A-10, 107. 
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Corrosion-Resisting Alloys (Continued): D 
Tentative Recommended Practice for Metallographic Testing of Ferrous and Non- 
Ferrous Metals, 1319. D 
Tentative Specifications for: 
Corrosion-Resisting Chromium-Nickel Steels (Sheet, Strip and Plate), 667. D. 
Corrosion-Resisting, High-Strength, Chromium-Nickel Steels (Sheet and Strip), 
677. 
_ Corrosion-Resisting Chromium Steels (Sheet, Strip and Plate), 657. 
Electrodeposited Coatings of Cadmium on Steel, 684. 
_ Electrodeposited Coatings of Nickel and Chromium on § Steel, 686. D 
Electrodeposited Coatings of Zinc on Steel, 682. 
i 


12 per cent Chromium Steel Castings, 623. 
19 per cent Chromium Steel Castings, 627. 
28 per cent Chromium Steel Castings, 631. 
24 per cent Chromium, 12 per cent Nickel Alloy Steel Castings, 635. 
25 per cent Chromium, 20 per cent Nickel Alloy Steel Castings, 640. 
28 per cent Chromium, 9 per cent Nickel Alloy Steel Castings, 645. 
20 per cent Nickel, 9 per cent Chromium Alloy Steel Castings, 649. 
35 per cent Nickel, 15 per cent Chromium Alloy Steel Castings, 653. 
Cotton. 
Tentative Methods for the Identification of Fibers in Textiles and for the Quantitative 
Analysis of Textiles, 1215. 
Tentative General Methods of Test for Properties of Cotton Fibers, 1202. Die 
Tentative Revision of Standard Methods of Testing and Tolerances for Cotton Sewing 
Threads, 1406. 
Tentative Specifications and Tests for Friction Tape for General Use for Electrical 
Purposes, 1104. 
Tentative Specifications for Insulated Wire and Cable: Class AO, 30 per cent Hevea 
Rubber Compound, 1115. 
Textile Materials. Report of Committee D-13, 435. ; 7 = 
See also Temperature, Effect of. a 
Tentative Method of Test for Long-Time (Creep) High-Temperature Tension Tests 
of Metallic Materials, 1291. 


See Compression Testing. = 
Culvert Pipe. 

Concrete Pipe. Report of Committee C-13, 310. 


Tentative Specifications for Cast-Iron Culvert Pipe, 720. 
Tentative Specifications for Reinforced-Concrete Culvert Pipe, 817. 


Damp-Proofing. D 
See Waterproofing. 


Data, Analysis and Presentation of. Effec 
“Control Chart’”’ Method of Analysis and Presentation of Data. Supplement B | 


Die 
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(1935) to A.S.T.M. Manual on Presentation of Data, 1418. 


Evaluation of Data (A Statistical Study of Bulk Specific Gravity and Mechanical Flas 
Analysis Tests of Samples of Fine and Coarse Aggregate). Report of Subcommittee 
XI, Committee C-9, 271. Elect 
Methods of Testing. Report of Committee E-1, 486. f 


Presenting + Limits of Uncertainty of an Observed Average. Supplement A (1935) 
to A.S.T.M. Manual on Presentation of Data, 1411. 
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Density. 
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Definitions of Teme. 
See Nomenclature. 
Demulsibility Test. 
Tentative Methods of Testing Emulsified sii 923, 


See also Specific Gravity. 
Tentative Methods of Testing Molding Powders Used in Manufacturing Molded 
Electrical Insulators, 1037, 
Deterioration. 
See Aging Test. 
Die Castings. 
Description of the photographic inspection of die-cast specimens exposed for 4 years 
at six outdoor locations, 214. 
Die-Cast Metals and Alloys. Report of Committee B-6, 181. 
Exposure and Corrosion Tests. Report of Subcommittee V, Committee B-6, 190. 
Discussion, 227. 
An Investigation of Aluminum Die- Casting Alloys Nos. [Va and Va. Report of 
Committee B-6, Appendix I, 184. 
Tentative Method of Ceentiotive Spectrochemical Analysis of Zinc Alloy Die Castings 
for Minor Constituents and Impurities, 1362. a 


Tentative Specifications for Lead and Tin-Base Alloy Die Castings, 753. 
Dielectric Strength. 
Tentative Methods of Test for: 
Electrical Insulating Materials for Power Factor and Dielectric Constant, 1044. 
Solid Filling and Treating Compounds Used for Electrical Insulation, 1006. 
Varnishes Used for Electrical Insulation, 1084. 
Tentative Specifications and Tests for Friction Tape for General Use for Electrical 
Purposes, 1104. 
Diesel Fuel Oil. 
Diesel-Fuel-Oil Classification. Report of Committee D-2, Appendix II, 340. 
Distillation. 
Tentative Methods of Testing Emulsified Asphalts, 923. 
Tentative Revision of Standard Method of Test for Distillation of Crude Petroleum, 
1400. 
Dudley Medal. 
Ninth Award of Charles B. Dudley Medal. Summary of the Proceedings of the 
Thirty-eighth Annual Meeting, 13. 
Duralumin. 


Atmospheric Corrosion of Non-Ferrous Metals and Alloys. Report of Subcommittee 
VI, Committee B-3, 142. 


Effect of Temperature. 
See Temperature, Effect of. 


Elastic Limit. 
Tentative Definitions of Terms pa to Methods of siete 1315. 


Electrical Insulating Materials. 
See Materials. 
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Electrical Resistance and Heating Alloys. 
Electrical-Heating, Electrical-Resistance and Electric-Furnace Alloys. Report of 
Committee B-4, 176. 
Tentative Method of Test for Linear Expansion of Metals, 755. 
Electric-Welded Tubes. 
Tentative Specifications for Electric-Resistance-Welded Steel and Open-Hearth Iron 
Boiler Tubes, 579. 
Electrodeposited Coatings. 
Report on inspections of metallic coatings on hardware, structural shapes, tubular 
goods, etc., exposed to atmosphere on test racks at five locations, 94. 
Specifications for Metallic-Coated Products. Report of Subcommittee VI, Com- 
mittee A-5, 86. 


Tentative Specifications for: 
Electrodeposited Coatings of Cadmium on Steel, 684. _ 


Electrodeposited Coatings of Nickel and Chromium on Steel, 686. 
Electrodeposited Coatings of Zinc on Steel, 682. 
Electrolytic Corrosion. 
Galvanic and Electrolytic Corrosion. Report of Subcommittee VIII, Committee B-3, 
167. 
Emulsified Asphalts. 
Tentative Methods of Testing Emulsified Asphalts, 923. 
Tentative Method of Test for Viscosity by Means of the Saybolt Viscosimeter, 914. 
Etching. 
See Metallography. 
_ Evaporation. 
: See Distillation; Vapor Pressure. 
Executive Committee. 
Annual Report of the Executive Committee, 37. 
_ Exhibit Testing Apparatus. 
Summary of the Proceedings of the Thirty-eighth Annual Meeting, 1. 
Third Exhibit of Testing Apparatus and Related Equipment. Annual Report of the 
Executive Committee, 46. 
Expansion. 
Methods of Test for Determining Volume Changes in Concrete, by Raymond E. Davis. 
Report of Committee C-9, Appendix II, 298. 
Tentative Method of Test for Linear Expansion of Metals, 755. 
Tentative Methods of Testing Solid Filling and Treating Compounds Used for Elec- 
trical Insulation, 1006. 
_ Expansion Plates. 
Tentative Specifications for Wrought Phosphor-Bronze Bearings and Expansion Plates 
for Bridges and Structures, 732. 


_ Exposure. 
See Corrosion; Weathering. _ 


Fatigue. 
Fatigue of Metals. Report of the Research Committee, 111. 
Notes on Fatigue Tests on Rotating-Beam Testing Machines. Report of the Research 
Committee on Fatigue of Metals, Appendix, 113. 


Felt. 


Tentative Specifications for: 
Asphalt Roofing Surfaced with Coarse Mineral Granules, 986. ; 
Asphalt Roofing Surfaced with Fine Mineral Granules, 990. 
Asphalt Roofing Surfaced with Powdered Talc or Mica, 994. 
Asphalt Shingles Surfaced with Coarse Mineral Granules, 998. 
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Fibers. 
Tentative General Methods of Test for Properties of Cotton Fibers, 1202. 
Tentative Methods for the Identification of Fibers in Textiles and for the Quantitative 
Analysis of Textiles, 1215. 
Field Moisture Equivalent. 
Tentative Method of Test for Field Moisture Equivalent of Soils, 976. 
Finances. 
Annual Report of the Executive Committee, 37. J 


Fineness. 
See also Mechanical Analysis; Particle Size. 
Tentative General Methods of Test for Properties of Cotton Fibers, 1202. 
‘Tentative Methods of Test for Fineness of Wool, 1256. 
Firebox Plate. 

Tentative Specifications for High Tensile Strength Carbon-Steel Plates for Fusion- 
Welded Pressure Vessels (Plates over 2 in. up to and Including 4 in. in Thickness), 
539. 

: Tentative Specifications for High Tensile Strength Carbon-Steel 
Vessels (Plates 2 in. and Under in Thickness), 534. 
Fire Brick. 
See Refractories. 
Fireproofing. 
Tentative Specifications for: _ 


Plates for Pressure 


Structural Clay Floor Tile, 796. 
Structural Clay Load-Bearing Wall Tile, 803. 
Structural Clay Non-Load-Bearing Tile, 800. 
Flanges. 
Tentative Specifications for: a 
Alloy-Steel Castings for Valves, Flanges and Fittings for Service at Temperatures 
from 750 to 1100 F., 597. 
F orged or Rolled Alloy-Steel Pipe Flanges, Forged Fittings, and Valves and Parts 
for Service at Temperatures from 750 to 1100 F., 616. 
Forged or Rolled Steel Pipe Flanges for General Service, 575. 
High Tensile Strength Carbon-Steel Plates for Pressure Vessels (Plates 2 in. and 
Under in Thickness, 534. 
Tentative Revision of Standard Specifications for Forged or Rolled Steel Pipe Flanges 
for High-Temperature Service, 1387. 
Flash Point. 
Tentative Method of Test for Flash Point by Means of the Tag Closed Tester, 897. 
Tentative Revision of Standard Method of Test for Flash Point by Means of the 
Pensky-Martens Closed Tester, 1401. 
Flax (Linen). 
Tentative Methods for the Identification of Fibers in Textiles and for the Quantitative 
Analysis of Textiles, 1215. 


Flexing Test. 
Tentative Methods of Test for Flexing of Rubber Products, 1186. _ 
Flexure Testing. 
Tentative Methods of Test for: 
Brick (Modulus of Rupture, Compressive Strength, Absorption), 791. 
Laminated Round Rods Used in Electrical Insulation, 1026. ; 
Sheet and Plate Materials Used in Electrical Insulation, 1067. 
Tentative Specifications for Automotive Gray-Iron Castings, 709. 
Tentative Specifications for Gray-Iron Castings, 713. 


= 


Floor Coverings. 
Tentative Methods of Testing Pile Floor Covering, 1229. 
Floor Tile. 
See Tile. 
Forgings. 
. Tentative Revisions of Standard Specifications for: 
- Carbon-Steel Car and Tender Axles, 1375. 
Quenched-and-Tempered Alloy-Steel Axles, Shafts and Other Forgings for Loco- 
motives and Cars, 1377. 
_ Quenched-and-Tempered Carbon-Steel Axles, Shafts and Other Forgings for 
Locomotives and Cars, 1376. 
Wrought-Iron Rolled or Forged Blooms and Forgings for Locomotives and Cars, 
1388. 
Freezing-and-Thawing Tests. 
Comparison of Natural Weathering with Laboratory Tests of Clay Brick, by D. E. 
Parsons. Report of Subcommittee XI, Committee C-3, Appendix II, 252. 
The Relation of Freezing-and-Thawing Resistance to Physical Properties of Clay and 
Shale Building Brick, by J. W. McBurney. Report of Subcommittee XI, Com- 
mittee C-3, Appendix I, 247. 
Research. Report of Committee E-9, 513. 
Tentative Methods of Sampling and Testing Structural Clay Tile, 807. 
‘Tentative Methods of Testing Emulsified Asphalts, 923. 
Friction Tape. 
Tentative Specifications and Tests for Friction Tape for General Use for Electrical 
Purposes, 1104. 
Friction Test. 
See Adhesion Test. _ 
Fuel Oil. 
Diesel-Fuel-Oil Classification. Report of Committee D-2, Appendix II, 340. 
Tentative Definitions of Terms Relating to Petroleum, 920. 
Tentative Method of Test for Viscosity by Means of the Saybolt Viscosimeter, 914. 


Fuels. 


See Coal; Coke; Fuel Oil; Petroleum Products. 
Furring Tile. 


_ Tentative Specifications for Structural Clay Non-Load-Bearing Tile, 800. 
G 


Galvanic Couple Tests. 
Galvanic and Electrolytic Corrosion. Report of Subcommittee VIII, Committee B-3, 
Galvanizing. 
See also Zinc. 
Corrosion of Iron and Steel. Report of Committee A-5, 81. 
Field Tests of Metallic Coatings. Report of Sub-committee VIII, Committee A-5, 88. 
Report on inspections of metallic coatings on hardware, structural shapes, tubular 
goods, etc., exposed to atmosphere on test racks at five locations, 94. 
Specifications for Metallic-Coated Products. Report of Subcommittee VI, Com- 
mittee A-5, 86. 
Tentative Revision of Standard Specifications for Welded and Seamless Steel Pipe, 
1383. 
Tentative Specifications for Zinc-Coated (Galvanized) Wrought-Iron Sheets, 704. 
Gas Oils. 
Tentative Definitions of Terms Relating to Petroleum, 920. | 
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Gasoline. 
Tentative Definitions of Terms Relating to Petroleum, 920. 


Tentative Method of Test for Vapor Pressure of Motor and Aviation Gasoline ( Reid 


Method), 903. 
Geer Oven Test. 
See Aging Test. 


Glass. 


The Role of Materials in Modern Housing, by John Ely Burchard, Summary of the 
Proceedings of the Thirty-eighth Annual Meeting, 14. 

Gold. 
See Precious Metals. 

Grain Size. 
See Metallography. 

Tentative Revisions of Standard Specifications for: _ 


Block for Durax Granite Pavements, 1404. 
Block for Granite Block Pavements, 1404. 
Block for Recut Granite Block Pavements, 1404. 
Gravel. 
Evaluation of Data (A Statistical Study of Bulk Specific Gravity and Mechanical 
Analysis Tests of Samples of Fine and Coarse Aggregate). Report of Subcommittee 
XI, Committee C-9, 271. 
Proposed Method of Test for Abrasion of Coarse Aggregate. Report of Committee 
D-4, Appendix, 350. 
Tentative Method of Test for Amount of Material Finer than No. 200 Sieve in Aggre- 
gates, 832. 
Tentative Method of Test for Soundness of Coarse Aggregates by Use of Sodium — 
Sulfate or Magnesium Sulfate, 837. 
Gravity. 
See also Specific Gravity. 
Tentative Revision of Standard Method of Test for Gravity of Petroleum and Petro- 
leum Products by Means of the Hydrometer, 1402. 
Gray Iron. 
See Cast Iron. 
Grease. 
Tentative Definitions of Terms Relating to Petroleum, 920. was 
Grease Wool. 
Tentative Method of Estimating Hard Scoured Wool in Wool in the Grease, 1260. 
Grindability Test. 
Tentative Method of Test for Grindability of Coal by Ball-Mill Method, 854. 
Tentative Method of Test for Grindability of Coal by Hardgrove-Machine Method, — 
857. 
H 


Hardness Testing. 
Tentative Methods of Testing Sheet and Plate Materials Used in Electrical Insulation, — 
1067. 
Hardware. 
Report on inspections of metallic coatings on hardware, structural shapes, tubular 
goods, etc., exposed to atmosphere on test racks at five locations, 94. 
Heat-Resistant Alloys. 


See Electrical Resistance and Heating Alloys. a _ 
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Heat Treatment. 
Tentative Specifications for: 
Alloy-Steel Castings for Valves, Flanges and Fittings for Service at Temperatures 
from 750 to 1100 F., 597. 
Carbon-Steel and Alloy-Steel Castings for Railroads, 561. 
Carbon-Steel Castings for Miscellaneous Industrial Uses, 568. 
Hemp. 
Tentative Method for the Identification of Fibers in Textiles and for the Quantitative 
Analysis of Textiles, 1215. 
Hiding Power. 
Tentative Method of Test for Comparative Hiding Power of White Pigments, 874. 
High Temperature Materials and Tests. 
- Effect of Temperature on the Properties of Metals. Report of Joint Research Com- 
mittee, 121. 
Report on Effect of Long-Time Heating With and Without Stress on Impact Resistance 
of 18 per cent Chromium, 8 per cent Nickel Steel (K9 and K19 Steel). Report of 
Joint Research Committee on Effect of Temperature on the Properties of Metals, 
Appendix, 126. 
Tentative Method of Test for Linear Expansion of Metals, 755. 
Tentative Method of Test for Long-Time (Creep) High-Temperature Tension Tests 
of Metallic Materials, 1291. 
Tentative Revisions of Standard Specifications for: 
Alloy-Steel Bolting Material for High-Temperature Service, 1386. 
7 Carbon-Steel Castings for Valves, Flanges and Fittings for High- Temperature 
Service, 1385. 
Forged or Rolled Steel Pipe Flanges for High-Temperature Service, 1387. 
Tentative Specifications for: 
Alloy-Steel Castings for Valves, Flanges and Fittings for Service at Temperatures 
from 750 to 1100 F., 597. 
Forged or Rolled Alloy-Steel Pipe Flanges, Forged Fittings, and Valves and Parts 
for Service at Temperatures from 750 to 1100 F., 616. 
Forged or Rolled Steel Pipe Flanges for General Service, 575. 
Seamless Alloy-Steel Pipe for Service at Temperatures from 750 to 1100 F., 605. 
Seamless Cold-Drawn Steel Heat-Exchanger and Condenser Tubes (Sizes ry in. 
_ to but not Including 2 in. in Outside Diameter), 585. 


Seamless Low-Carbon-Steel Still Tubes for Refinery Service, 590. 

24 per cent Chromium, 12 per cent Nickel Alloy Steel Castings, 635. 
25 per cent Chromium, 20 per cent Nickel Alloy Steel Castings, 640. 
28 per cent Chromium, 9 per cent Nickel Alloy Steel Castings, 645. 
20 per cent Nickel, 9 per cent Chromium Alloy Steel Castings, 649. 
35 per cent Nickel, 15 per cent Chromium Alloy Steel Castings, 653. 


Hollow Tile. 

See Tile. 

‘Housing. 
Annual Address by the President, Hermann von Schrenk, 27. 
The Role of Materials in Modern Housing, by John Ely Burchard, Summary of the 

Proceedings of the Thirty-eighth Annual Meeting, 14. 

d Hydrostatic Test. 

Tentative Specifications for Concrete Irrigation Pipe, 812. 


Hygroscopic Moisture. 
Tentative Method of Mechanical Analysis of Soils, 953. 
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Ignition Quality. 
Diesel-Fuel-Oil Classification. Report of Committee D-2, Appendix II, 340. 
Immaturity Count. 
Tentative General Methods of Test for Properties of Cotton Fibers, 1202. 
Immersion Tests. 
See also Corrosion. 
Corrosion in Liquids. Report of Subcommittee VII, Committee B-3, 160. 
Corrosion of Iron and Steel. Report of Committee A-5, 81. 
Statement on principles of testing paints and combinations of paints on steel panels _ 
(with particular reference to submerged conditions), 322. 
Impact. 
Report on Effect of Long-Time Heating With and Without Stress on Impact Resistance 
of 18 per cent Chromium, 8 per cent Nickel Steel (K9 and K19 Steel). Report of 
Joint Research Committee on Effect of Temperature on the eesnemes of sane 
Appendix, 126. 
Insulating Materials. 
Electrical Insulating Materials. Report of Committee D-9, 400. ; 
Proposed Revisions in Standards and Tentative Standards for Electrical eeiding 
Materials. Report of Committee D-9, Appendix, 406. 
Tentative Methods of Test for: 
Electrical Insulating Materials for Power Factor and Dielectric Constant, 1044. 
-. Flexible Varnished Tubing Used for Electrical Insulation, 1080. 


Grading Natural Mica, 1035. 
Laminated Round Rods Used in Electrical Insulation, 1026. 


Laminated Tubes Used in Electrical Insulation, 1030. 
Molding Powders Used in Manufacturing Molded Electrical Insulators, 1037. 
Sheet and Plate Materials Used in Electrical Insulation, 1067. 
Shellac Used for Electrical Insulation, 1077. 
Solid Filling and Treating Compounds Used for Electrical Insulation, 1006. 
Varnishes Used for Electrical Insulation, 1084. 
Tentative Revision of Standard Methods of Testing Electrical Insulating Oils, 1403. 
Tentative Revision of Standard Methods of Testing Molded Materials Used for 
Electrical Insulation, 1408. 
Tentative Specifications for: 
_ Flexible Varnished Tubing Used in Electrical Insulation, 1003. 
Friction Tape for General Use for Electrical Purposes, 1104. 
Insulated Wire and Cable: Class AO, 30 per cent Hevea Rubber Compound, 1115. — 
Insulated Wire and Cable: Performance Rubber Compound, 1141. 
a Rubber Insulating Tape, 1110. 
Iron. 
See Alloy Steel; Cast Iron; Steel; ensued Iron. 
Iron-Chromium-Nickel Alloys. 
See Corrosion-Resisting Alloys. 
Irrigation Pipe. 
Tentative Specifications for Concrete Irrigation Pipe, 812. 


J 


Joists. 


Proposed Revision of Standard Specifications for Structural Wood, Joist and Plank, 
Beams and Stringers, and Posts and Timbers (A.S.T.M. Designation: D 245 - 33) 
Report of Subcommittee I, Committee D-7, Appendix, 364. 
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Tentative Methods for the Identification of Fibers in Textiles and for the Quantitative 
Analysis of Textiles, 1215. 


K 
Kerosine. 
Tentative Definitions of Terms Relating to Petroleum, 920. 
L 


Laboratory Inspection. 
Cement Reference Laboratory. Report of Subcommittee, Committee C-1, 236. 
Lacquers. 
Preservative Coatings for Structural Materials. Report of Committee D-1, 314. 
Tentative Method of Test for Flash Point by Means of the Tag Closed Tester, 897. 
Laundering. 
Tentative Method of Test for Shrinkage in Laundering of Silk and Rayon Woven 
Broad Goods, 1248. 
Lead. 
Atmospheric Corrosion of Non-Ferrous Metals and Alloys. Report of Subcommittee 
VI, Committee B-3, 142. 
Galvanic and Electrolytic Corrosion. Report of Subcommittee VIII, Committee 
B-3, 167. 
Report on inspections of metallic coatings on hardware, structural shapes, tubular 
goods, etc., exposed to atmosphere on test racks at five locations, 94. 
Tentative Method of Quantitative Spectrochemical Analysis of High Grade Pig Lead 
for Copper, Bismuth, Silver and Nickel, 1352. 
Tentative Recommended Practice for Metallographic Testing of Ferrous and Non- 
Ferrous Metals, 1319. 
Tentative Specifications for Lead-Coated Copper Sheets, 746. 
Tentative Specifications for Lead and Tin-Base Alloy Die Castings, 753. 
Light Metals. 
_ Tentative Method of Test for Long-Time (Creep) High-Temperature Tension Tests 


of Metallic Materials, 1291. 
Tentative Recommended Practice for Metallographic Testing of Ferrous and Non- 
Ferrous Metals, 1319. lait 
Liquid Limit. 
Tentative Method of Test for Liquid Limit of Soils, 966. 
Lithopone. 
Tentative Method of Test for Comparative Hiding Power of White Pigments, 874. 
Tentative Method of Test for Tinting Strength of White Pigments or White Pigment 
Pastes, 877. 
Locomotives and Cars. 
Tentative Specifications for Carbon-Steel and Alloy-Steel Castings for Railroads, 561. 
Tentative Specifications for Electric-Resistance-Welded Steel and Open-Hearth Iron 
Boiler Tubes, 579. 
Long-Time High-Temperature Tests. 
Tentative Method of Test for Long-Time (Creep) High-Temperature Tension Tests 
of Metallic Materials, 1291. 
Los Angeles Abrasion Test. 
Proposed Method of Test for Abrasion of Coarse Aggregate. Report of Committee 
D-4, Appendix, 350. 
Loss on Heating. 
Tentative Method of Test for Residue of Specified Penetration, 935. 


Lubricants. 
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M 
Magnesium. 
Tentative Recommended Practice for Metallographic Testing of Ferrous and Non- 
Ferrous Metals, 1319. 
Magnesium-Sulfate Test. 
Tentative Method of Test for Soundness of Coarse Aggregates by Use of Sodium 
Sulfate or Magnesium Sulfate, 837. 
Tentative Method of Test for Soundness of Fine Aggregates by Use of Sodium Sulfate 
or Magnesium Sulfate, 842. 
Magnetic Testing. 
Magnetic Properties. Report of Committee A-6, 104. 
Tentative Definitions of Terms, with Units and Symbols, Relating to Magnetic 


L Tentative Methods of Test for: 


Testing, 726. 
Tentative Revision of Standard Methods of Test for Magnetic Properties of Iron 
and Steel, 1389. 
Malleable Iron. 
Tentative Recommended Practice for Metallographic Testing of Ferrous and Non- 
Ferrous Metals, 1319. 
Manganese Bronze. 
Atmospheric Corrosion of Non-Ferrous Metals and Alloys. Report of Subcommittee 
VI, Committee B-3, 142. 
Corrosion in Liquids. Report of Subcommittee VII, Committee B-3, 160. 
Masonry Building Units. 
See also Brick; Tile. 
Hollow Masonry Building Units. Report of Committee C-10, 305. 
Mass Color. 
Tentative Methods of Test for Mass Color and Tinting Strength of Dry Color Pig- 
ments or Pastes, 882. 
Mechanical Analysis. 
Evaluation of Data (A Statistical Study of Bulk Specific Gravity and Mechanical 
Analysis Tests of Samples of Fine and Coarse Aggregate). Report of Subcommittee 
XI, Committee C-9, 271. 
Report on Study of Microscopic Method of Particle Size Measurement. Report of 
Section on Sub-Sieve Sizes, Committee E-1, 497. 


Amount of Material Finer than No. 200 Sieve in Aggregates, 832. 
Coarse Particles in Mixtures of Asphalt and Mineral Matter, 1001. 
Fineness of Portland Cement by Means of the Turbidimeter, 777. 
Grindability of Coal by Ball-Mill Method, 854. 
Grindability of Coal by Hardgrove-Machine Method, 857. 
Mechanical Analysis of Soils, 953. 
Molding Powders Used in Manufacturing Molded Electrical ilies 1037. 
Preparing Soil Samples as Received from the Field for Mechanical Analysis and 
the Determination of the Subgrade Soil Constants, 950. 

Screen Analysis of Coal, 863. 

Tentative Revision of Standard Method of Test for Sieve Analysis of Aggregates for 


Concrete, 1395 
Tentative Specifications for Round-Hole Screens for Testing Purposes, 1289. _ 
Membership. 
Annual Address by the President, Hermann von Schrenk, 27. 
Annual Report of the Executive Committee, 37. 
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Fatigue of Metals. Report of the Research Committee, 111. ; 

Metallography. Report of Committee E-4, 511. : : 

Tentative Recommended Practice for Metallographic Testing of Ferrous and Non- 
Ferrous Metals, 1319. 


Methods of Testing. ~~ 
See Testing, Physical Methods of. : 
Mica. 


Tentative Methods of Test for Grading Natural Mica, 1035. 

Microscopic Tests. 
_ Proposed Method of Measurement of Average Particle Diameter of Sub- Sieve ‘Par 

ticulate Substances by Dark Field Methods. Report of Section, Committee E-1, 

Appendix, 505. 
Report on Study of Microscopic Method of Particle Size Measurement. Report of 
_ Section on Sub-Sieve Sizes, Committee E-1, 497. 
Tentative Methods of: 

Identification of Fibers in Textiles and for the Quantitative Analysis of Textiles, 


1215. 
= Test for Properties of Cotton Fibers, 1202. 
Testing and Tolerances for Rayon, 1233. 


Testing for Fineness of Wool, 1256. 
Miscibility-with-Water Test. 
Tentative Methods of Testing Emulsified Asphalts, 
Moisture. 
Tentative Methods of Test for: 
Centrifuge Moisture Equivalent of Soils, 973. 
Field Moisture Equivalent of Soils, 976. 
Liquid Limit of Soils, 966. 
Plastic Limit and Plasticity Index of Soils, 970. 
Molded Insulating Materials. 
Tentative Methods of Testing Electrical Insulating Materials for Power Factor and 
Dielectric Constant, 1044. 
Tentative Methods of Testing Molding Powders Used in Manufacturing Molded Elec- 
trical Insulators, 1037. 
Tentative Revision of Standard Methods of Testing Molded Materials Used for 
Electrical Insulation, 1408. 
Mortars. N 
Comparisons of Different Types of Specimens for Compression Tests of Mortar, by 
H. J. Gilkey and H. Walter Leavitt. Report of Committee C-9, Appendix I, 281. 
Motor Fuel. ‘ 
See Fuel Oil; Gasoline; Petroleum Products. 
Motor Lubricants. 


See Oils; Petroleum Products. a 
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Naphtha. 

Tentative Definitions of Terms Relating to Petroleum, 920. 
Naval Stores. 

Naval Stores. Report of Committee D-17, 477. oe 
Neutralization. @| 


Tentative Methods of Testing Oleo-Resinous Varnishes (Skinning Test, Alkali Resis 
ance, Acid Number), 887. 
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Atmospheric Corrosion of Non-Ferrous Metals and Alloys. Report of Subcommittee iy 
VI, Committee B-3, 142. 

Atmenpheaiie Exposure Tests on Non-Ferrous Screen Wire Cloth, by G. W. Quick. > 
Report of Committee D-14, Appendix, 458. 

Corrosion in Liquids. Report of Subcommittee VII, Committee B-3, 160. 

Galvanic and Electrolytic Corrosion. Report of Subcommittee VIII, Committee B-3, >. 
167. 

Tentative Recommended Practice for Metallographic Testing of Ferrous and Non- 
Ferrous Metals, 1319. 

Tentative Specifications for: a) 
Corrosion-Resisting Chromium-Nickel Steels (Sheet, Strip and Plate), 667. 
Corrosion-Resisting, High-Strength, Chromium-Nickel Steels (Sheet and Strip), 

677. 


Electrodeposited Coatings of Nickel and Chromium on Steel, 686. 
24 per cent Chromium, 12 per cent Nickel Alloy Steel Castings, 635. a 
25 per cent Chromium, 20 per cent Nickel Alloy Steel Castings, 640. : 


28 per cent Chromium, 9 per cent Nickel Alloy Steel Castings, 645. — 
20 per cent Nickel, 9 per cent Chromium Alloy Steel Castings, 649. 
_ 35 per cent Nickel, 15 per cent Chromium Alloy Steel Castings, 653. 
Nitrocellulose. 
Tentative Methods of Test for Soluble Nitrocellulose Base Solutions, 889. 
Nomenclature. 
Proposed Definitions of Terms Relating to Cast Iron. Report of Committee A-3, — 
Appendix, 80. 
Tentative Definitions of Terms: 
Gross Calorific Value and Net Calorific Value of Fuels, 867. 
Relating to Clay Sewer Pipe, 829. —-~ ~ 
Relating to Methods of Testing, 1315. 
Relating to Petroleum, 920. 
Relating to Refractories, 811. 
Relating to Textile Materials, 1273. 
With Units and Symbols, Relating to Magnetic Testing, 726. 
Tentative Revision of Standard Definitions of Terms Relating to Paint Specifications, 
1400. 
Tentative Revision of Standard Definitions for Fireclay Refractories, 1396. 
Nuts. 
Tentative Specifications for Heat-Treated Carbon- and Alloy-Steel Track Bolts, 556. 


Oils. — 


Diesel-Fuel-Oil Classification. Report of Committee D-2, Appendix II, 340. 

Petroleum Products and Lubricants. Report of Committee D-2, 327. 

Proposed Method of Test for Oxidation Number of Lubricating Oils by the Sligh 
Method. Report of Subcommittee X, Committee D-2, Appendix I, 335. 

Sligh Oxidation Test. Report of Subcommittee X, Committee D-2, 333. 

Tentative Method of Test for Flash Point by Means of the Tag Closed Tester, 897. 

Tentative Method of Test for Viscosity by Means of the Saybolt Viscosimeter, 914. 

Tentative Revision of Standard Methods of Testing Electrical Insulating Oils, 1403. 

Tentative Revision of Standard Specifications for Raw Tung Oil, 1397. 
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_ Sligh Oxidation Test. Report of Subcommittee X, Committee D-2, 333. 


a Tentative Revision of Standard Methods of Routine Analysis of White Linseed Oil 


Oxidation Test. 
Proposed Method of Test for Oxidation Number of Lubricating Oils by the Sligh 
Method. Report of Subcommittee X, Committee D-2, Appendix I, 335. 


P 
Paints. 
See also Lacquers; Pigments; Shellac; Varnish. 
Methods of Analysis of Paint Materials. Report of Subcommittee VIII, Committee 
D-1, 324. 
Preservative Coatings for Structural Materials. Report of Committee D-1, 314. 
Statement on principles of testing paints and combinations of paints on steel panels 
(with particular reference to submerged conditions), 322. 
Tentative Revision of Standard Definitions of Terms Relating to Paint Specifica- 
tions, 1400. 


Paints, 1399. 
Tentative Specifications for Wood to be Used as Panels in Weather Tests of Paints 
and Varnishes, 895. 
Paint Vehicles. 
Tentative Revision of Standard Specifications for Raw Tung Oil, 1397. 
Papers and Publications. 
Annual Report of the Executive Committee, 37. 
Summary of the Proceedings of the Thirty-eighth Annual Meeting, 1. 
Parkerized Coatings. 
Report on inspections of metallic coatings on hardware, structural shapes, tubular 
goods, etc., exposed to atmosphere on test racks at five locations, 94. 
Particle Size. 
Proposed Method of Measurement of Average Particle Diameter of Sub-Sieve Particu- i 
late Substances by Dark Field Methods. Report of Section, Committee E-1, 
Appendix, 505. 
Report on Study of Microscopic Method of Particle Size Measurement. Report of 
Section on Sub-Sieve Sizes, Committee E-1, 497. 
Tentative Method of Mechanical Analysis of Soils, 953. 
Tentative Method of Test for Fineness of Portland Cement by Means of the Turbidi- 
meter, 777. 
Partition Tile. 
Tentative Specifications for Structural Clay Non-Load-Bearing Tile, 800. 
Pavements. 
Symposium on the Place of Materials in Automobile Roads and Rides, Summary of 
the Proceedings of the Thirty-eighth Annual Meeting, 5. rs 
Tentative Revisions of Standard Specifications for: 
Block for Durax Granite Pavements, 1404. 
Block for Granite Block Pavements, 1404. 
oe Block for Recut Granite Block Pavements, 1404. 


Penetration. 
Tentative Method of Test for Residue of Specified Penetration, 935. 
Petroleum Products. 
Diesel-Fuel-Oil Classification. Report of Committee D-2, Appendix II, 340. :. 
Petroleum Products and Lubricants. Report of Committee D-2, 327. Le 
Proposed Method of Test for Oxidation Number of Lebwicatiog Oils by the Sligh 
Method. Report of Subcommittee X, Committee D-2, Appendix I, 335. 
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Sligh Oxidation Test. Report of Subcommittee X, Committee D-2, 333. 

Symposium on the Place of Materials in Automobile Roads and Rides, Summary of 
the Proceedings of the Thirty-eighth Annual Meeting, 5. 

Tentative Definitions of Terms Relating to Petroleum, 920. 


Tentative Methods of Test for: 
Emulsified Asphalts, 923. 
Flash Point by Means of the Tag Closed Tester, 897. 


Residue of Specified Penetration, 935. 

Vapor Pressure of Motor and Aviation Gasoline (Reid Method), 903. 

Viscosity by Means of the Saybolt Viscosimeter, 914. 


Tentative Revisions of Standard Methods of Test for: 
Distillation of Crude Petroleum, 1400. 
Flash Point by Means of the Pensky-Martens Closed Tester, 1401. 
Gravity of Petroleum and Petroleum Products by Means of the Hydrometer, 1402. — 
Saponification Number, 1402. 

Pigments. 
See also Paints. 
Methods of Analysis of Paint Materials. Report of Subcommittee VIII, Committee 

D-1, 324. 

Preservative Coatings for Structural Materials. Report of Committee D-1, 314. 

Proposed Method of Measurement of Average Particle Diameter of Sub-Sieve Particu- 
late Substances by Dark Field Methods. Report of Section, Committee E-1, 
Appendix, 505. 

Report on Study of Microscopic Method of Particle Size Measurement. Report of 
Section on Sub-Sieve Sizes, Committee E-1, 497. 

Tentative Method of Test for Comparative Hiding Power of White Pigments, 874. 

Tentative Methods of Test for Mass Color and Tinting Strength of Dry Color Pigments 
or Pastes, 882. 

Tentative Revision of Standard Methods of Routine Analysis of Yellow and Orange 
Pigments Containing Chromium Compounds, Blue Pigments and Chrome Green, 
1399. 

Tentative Specifications for Blue Lead; Basic Sulfate, 873. 

Pile Floor Covering. 
Tentative Methods of Testing Pile Floor Covering, 1229. 

Piles. 

Specifications for Timber. Report of Subcommittee I, Committee D-7, 362. 

Tentative Specifications for Timber Piles, 868. a 

Pine. 


See Timber. 
Pipe and Piping Materials. 
See also Tubes. a, 


Clay Pipe. Report of Committee C-4, 256. 

Concrete Pipe. Report of Committee C-13, 310. 

Proposed Revisions in Tentative Standard for Steel. Report of Committee A-1, 
Appendix, 69. 

Tentative Definitions of Terms Relating to Clay Sewer Pipe, 829. 

Tentative Method of Test for Long-Time (Creep) High-Temperature Tension Tests 
of Metallic Materials, 1291. 


Tentative Revisions of Standard Specifications for: 
Concrete Sewer Pipe, 1394. 
Forged or Rolled Steel Pipe Flanges for High-Temperature Service, 1387. 


Welded and Seamless Steel Pipe, 1383. 
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Pipe and Piping Materials (Continued) 
Tentative Specifications for: ae 
-_ Alloy-Steel Castings for Valves, Flanges and Fittings for Service at Temperate 
from 750 to 1100 F., 597. 
Cast-Iron Culvert Pine, 720. 
Concrete Irrigation Pipe, 812. 
Forged or Rolled Alloy-Steel Pipe Flanges, Forged Fittings, and Valves and 
Parts for Service at Temperatures from 750 to 1100 F., 616. 
Forged or Rolled Steel Pipe Flanges for General Service, ‘575. 
Reinforced-Concrete Culvert Pipe, 817. 
Seamless Alloy-Steel Pipe for Service at Temperatures from 750 to 1100 F., 605. 
Wrought-Iron Rivets and Rivet Rounds, 696. 
Planks. 
Proposed Revision of Standard Specifications for Structural Wood, Joist and Plank, 
Beams and Stringers, and Posts and Timbers (A.S.T.M. Designation: D 245 — 33). 
Report of Subcommittee I, Committee D-7, Appendix, 364. 
Plastic Limit. 
Tentative Method of Test for Plastic Limit and Plasticity Index of Soils, 970. 
Plates. 
; See also Sheets. 
Proposed Revisions in Tentative Standards for Wrought Iron. Report of Committee 
A-2, Appendix, 73. 
Tentative Specifications for: 
Carbon-Steel Plates for Boilers and Other Pressure Vessels for Stationary Ser- 
vice, 527. 
Corrosion-Resisting Chromium-Nickel Steels (Sheet, Strip and Plate), 667. 
Corrosion-Resisting Chromium Steels (Sheet, Strip and Plate), 657. 
High Tensile Strength Carbon-Steel Plates for Fusion-Welded Pressure Vessels 
(Plates over 2 in. up to and Including 4 in. in Thickness), 539. 
High Tensile Strength Carbon-Steel Plates for Pressure Vessels (Plates 2 in. and 
Under in Thickness), 534. 
Wrought-Iron Plates, 690. 
Wrought Phosphor-Bronze Bearings and Expansion Plates for Bridges and 


Structures, 732. 
— 
See Electrodeposited Coatings. 
Plywood. 
- The Role of Materials in Modern Housing, by John Ely Suschenh, ce of the 
Proceedings of the Thirty-eighth Annual Meeting, 14. __ 
Poles. 
Tentative Specifications for Timber Piles, 868. 
q Polymerization Time Test. 
Tentative Methods of Testing Shellac Used for Electrical Insulation, 1077. 
Porcelain. 
Proposed Revisions in Standards and Tentative Standards for Electrical Insulating 
Materials. Report of Committee D-9, Appendix, 406. 
Tentative Methods of Testing Electrical Insulating Materials for Power Factor and 
Dielectric Constant, 1044. hate 
Porosity. 
See Absorption. 
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Portland Cement. 
See Cement. 
Posts. 
Proposed Revision of Standard Specifications for Structural Wood, Joist and Plank, 
Beams and Stringers, and Posts and Timbers (A.S.T.M. Designation: D 245 — 33). 
Report of Subcommittee I, Committee D-7, Appendix, 364. 
Pothead Compounds. 
Tentative Methods of Testing Solid Filling and Treating Compounds Used for 
Electrical Insulation, 1006. 
Power Factor. 
Tentative Methods of Testing Electrical Insulating Materials for Power Factor and © 
Dielectric Constant, 1044. 


Power Piping. 
See Pipe and Piping Materials. _~ 
Precious Metals. 


Tentative Recommended Practice for Metallographic Testing of Ferrous and Non- - 7 
Ferrous Metals, 1319. 
Presidential Address. 
Annual Address by the President, Hermann von Schrenk, 27. 
Pressure Vessel Materials. 
See Boiler Materials. 
Protective Coatings. ; 
See Corrosion; Electrodeposited oo Galvanizing; Lacquers; Paints; Pig- 
ments; Shellac; Varnish. 
Proving Levers. 
Tentative Methods of Verification of Testing Machines, 1303. 
Publications. 
See Papers and Publications. 
Pulverizing Test. 
See Grindability Test. 


Radio Spaghetti. = 
Tentative Specifications for Flexible Varnished Tubing Used in Electrical Insula- 7 : 
tion, 1003. 
Tentative Methods of Testing Flexible Varnished Tubing Used for Electrical Insula- 
tion, 1080. 
Rails. 
Tentative Revision of Standard Specifications for Open-Hearth Carbon-Steel 
Rails, 1371. 
Ramie. 
Tentative Methods for the Identification of Fibers in Textiles and for the Quantitative 
Analysis of Textiles, 1215. / 
Rayon. 
Tentative Methods of Test for: 
Identification of Fibers in Textiles and for the Quantitative Analysis of Textiles, 
1215. ° 


Shrinkage in Laundering of Silk and Rayon Woven Broad Goods, 1248. 
Strength of Rayon Woven Fabric When Wet, 1250. 


Testing and Tolerances for Rayon, 1233. 
Textile Materials. Report of Committee D-13, 435. a 
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_ Refractories. 
: Refractories. Report of Committee C-8, 259. 
Tentative Definitions of Terms Relating to Refractories, 811. 
Tentative Methods of Testing Brick (Modulus of Rupture, Compressive Strength, 
Absorption), 791. 
Tentative Revisions of: 
Standard Definitions for Fireclay Refractories, 1396. 
_ Standard Method of Test for Refractory Materials Under Load at High Tem- 
peratures, 1395. 
Standard Specifications for Fireclay Brick for Marine Boiler Service, 1394. 
4 Reid Vapor Pressure Test. 
Tentative Method of Test for Vapor Pressure of Motor and Aviation Gasoline (Reid 
Method), 903. 
4 Reinforcement, Concrete. 
See Concrete Reinforcement. 
Research. 
Annual Address by the President, Hermann von Schrenk, 27. 
Effect of Temperature on the Properties of Metals. Report of Joint Research Com- 


mittee, 121 
Fatigue of Metals. Report of the Research Committee, 111. _ 
Research. Report of Committee E-9, 513. 
Residue. 


Tentative Method of Test for Residue of Specified Penetration, 935. 


_ Resistance Alloys. 
See Electrical Resistance and Heating Alloys. — 
Resistivity. 


Tentative Methods of Testing Solid Filling and Treating Compounds Used - 
Electrical Insulation, 1006. 
Revisions. 
(Revisions of Standards and Tentative Standards are given in the reports of the 
standing committees responsible and are also indexed under the subjects covered 
by them.) P 
Tentative Revisions of A.S.T.M. Standards, 1371. i 
Rivets. 
Proposed Revisions in Tentative Standards for Wrought Iron. Report of Committee 
A-2, Appendix, 73. 
Tentative Revision of Standard Specifications for Boiler Rivet Steel and Rivets, 1379. 
Tentative Revision of Standard Specifications for Structural Rivet Steel, 1379. 
Tentative Specifications for Wrought-Iron Rivets and Rivet Rounds, 696. : 
Road Materials. 
See also Aggregates; Asphalt; Concrete; Pavements; Soils. 
(Items on road materials are also indexed under the materials and subjects covered 
by them.) 
Road and Paving Materials. Report of Committee D-4, 344. 
Symposium on the Place of Materials in Automobile Roads and Rides, Summary of 
the Proceedings of the Thirty-eighth Annual Meeting, 5. 


Rods. 
Tentative Methods of Testing Laminated Round Rods Used in Electrical Insula- 
tion, 1026. 
4 Roofing. 
Accelerated Weathering Tests. Report of Subcommittee VIII, Committee D-8, 397. 
Bituminous Waterproofing and Roofing Materials. Report of Committee D-8, 391. 
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Tentative Specifications for: 
Asphalt for Use in Constructing Built-Up Roof Coverings, 983. 
Asphalt Roofing Surfaced with Coarse Mineral Granules, 986. 
Asphalt Roofing Surfaced with Fine Mineral Granules, 990. 
Asphalt Roofing Surfaced with Powdered Talc or Mica, 994. 
Asphalt Shingles Surfaced with Coarse Mineral Granules, 998. 
Lead-Coated Copper Sheets, 746. 
Uncoated Wrought-Iron Sheets, 701. J 
Zinc-Coated (Galvanized) Wrought-Iron Sheets, 704. 
Rosin. 
Naval Stores. Report of Committee D-17, 477. 
Rubber Products. _ 
Proposed Revisions in Tentative Standards for Rubber Prolucts. Report of Com- 
mittee D-11, Appendix, 429. 
Rubber Products. Report of Committee D-11, 419. 
Symposium on the Place of Materials in Automobile Roads and Rides, Summary of 
the Proceedings of the Thirty-eighth Annual Meeting, 5. 
Tentative Methods of Test for: 
Accelerated Aging of Vulcanized Rubber, 1167. 
Adhesion of Vulcanized Rubber (Friction Test), 1173. 
Adhesion of Vulcanized Rubber to Metal, 1180. 
Flexing of Rubber Products, 1186. 
Physical Testing of Rubber Products (General Requirements), 1153. 
Tension Testing of Vulcanized Rubber, 1159. 
Tentative Specifications for: 
Insulated Wire and Cable: Class AO, 30 per cent Hevea Rubber Compound, 1115. 
Insulated Wire and Cable: Performance Rubber Compound, 1141. 


Friction Tape for General Use for Electrical Purposes, 1104. — 
Rubber Insulating Tape, 1110. 


= 


Ss 
Sampling. > 
(Methods of sampling are also indexed under the materials and subjects covered by 
them.) 


“Control Chart’ Method of Analysis and Presentation of Data. Supplement B 
(1935) to A.S.T.M. Manual on Presentation of Data, 1418. 
Presenting + Limits of Uncertainty of an Observed Average. Supplement A (1935) 
to A.S.T.M. Manual on Presentation of Data, 1411. 
Problems in the Standardization of Methods for Sampling Water for Industrial Pur- 
poses. Report of Committee D-19, Appendix, 481. 
Tentative Methods of: 
Preparing Soil Samples as Received from the Field for Mechanical Analysis and 
the Determination of the Subgrade Soil Constants, 950. a 
Sampling and Testing Structural Clay Tile, 807. 
7 Surveying and Sampling Soils for Use in Place as Subgrades for Highways, 940. - 
Testing Molding Powders Used in Manufacturing Molded Electrical Insulators, 
1037. 
Tentative Specifications for: 
Classification of Coals by Rank, 847. 
Friction Tape for General Use for Electrical Purposes, 1104. _ <® 
Insulated Wire and Cable: Class AO, 30 per cent Hevea Rubber Compound, 1115. 
Insulated Wire and Cable: Performance Rubber C compound, 1 141. 


Rubber Insulating Tape, 1110. _ 
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Sand. 
See also Aggregates. 
Evaluation of Data (A Statistical Study of Bulk Specific Gravity and Mechanical 
Analysis Tests of Samples of Fine and Coarse Aggregate). Report of Subcommittee 
XI, Committee C-9, 271. 
Tentative Method of Test for Amount of Material Finer than No. 200 Sieve in Aggre- 
gates, 832. 
Tentative Method of Test for Soundness of Fine Aggregates by Use of Sodium Sulfate 
or Magnesium Sulfate, 842. 
Saponification Number. 
Tentative Revision of Standard Method of Test for Saponification Number, 1402. 
Saybolt Viscosity. 
Tentative Method of Test for Viscosity by Means of the Saybolt Viscosimeter, 914. 
Scoured Content. 
Tentative Method of Estimating Hard Scoured Wool in Wool in the Grease, 1260. 
Screen Wire Cloth. 
Atmospheric Exposure Tests on Non-Ferrous Screen Wire Cloth, by G. W. Quick 
Report of Committee D-14, Appendix, 458. 7 


Screen Wire Cloth. Report of Committee D-14, 457. 
Sea Water Corrosion. 

See Corrosion; Immersion Tests. 
Settlement Test. 

Tentative Methods of Testing Emulsified Asphaits, 923. 
Sewer Pipe. 

Concrete Pipe. Report of Committee C-13, 310. 

Clay Pipe. Report of Committee C-4, 256. 

Tentative Definitions of Terms Relating to Clay Sewer Pipe, 829. 
Tentative Revision of Standard Specifications for Concrete Sewer Pipe, 1394. _ 


Sheets. 
See also Plates. 
Field Tests of Metallic Coatings. Report of Subcommittee VIII, Committee A-5, 88. 
Tentative Methods of Testing Electrical Insulating Materials for Power Factor and 
Dielectric Constant, 1044. 
Tentative Methods of Testing Sheet and Plate Materials Used in Electrical Insulation, 


1067. | 
Tentative Specifications for: 7 
Cold-Rolled Strip Steel, 544. 


Corrosion-Resisting Chromium-Nickel Steels (Sheet, Strip and Plate), 667. 
Corrosion-Resisting Chromium Steels (Sheet, Strip and Plate), 657. 
Corrosion-Resisting, High-Strength, Chromium-Nickel Steels (Sheet and Strip),677. “4 
Lead-Coated Copper Sheets, 746. 
Uncoated Wrought-Iron Sheets, 701. 
Zinc-Coated (Galvanized) Wrought-Iron Sheets, 704. 
Shellac. 
Tentative Methods of Testing Shellac Used for Electrical Insulation, 1077. , 
Sherardized Coatings. 
Report on inspections of metallic coatings on hardware, structural shapes, tubular 
goods, etc., exposed to atmosphere on test racks at five locations, 94. 
Shingles. 
7 Tentative Specifications for Asphalt Shingles Surfaced with Coarse Mineral Granules, 
998. 
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Shipping Containers. 
Shipping Containers. Report of Committee D-10, 417. 
Shrinkage Test. 
Methods of Test for Determining Volume Changes in Concrete, by Raymond E. Davis. j 
Report of Committee C-9, Appendix II, 298. 
Tentative Method of Test for Shrinkage Pactors of Soils, 978. 
Tentative Method of Test for Shrinkage in Laundering of Silkk and Rayon Woven 
Broad Goods, 1248. 
Sieves. 
Tentative Method of Test for Screen Analysis of Coal, 863. - 
Tentative Specifications for Round-Hole Screens for Testing Purposes, 1289. 
Silk. 
Tentative Method of Test for Shrinkage in Laundering of Silk and Rayon Woven 
Broad Goods, 1248. 
Tentative Methods for the Identification of Fibers in Textiles and for r the Quantitative 
Analysis of Textiles, 1215. 
Textile Materials. Report of Committee D-13, 435. 
Silver. 
See Precious Metals. 
Tentative Methods of Testing Oleo-Resinous Varnishes (Skinning Test, Alkali Resist- 
ance, Acid Number), 887. 
Slag. 
Proposed Method of Test for Abrasion of Coarse Aggregate. Report of Committee 
D-4, Appendix, 350. 
Tentative Method of Test for Soundness of Coarse Aggregates by Use of Sodium 
Sulfate or Magnesium Sulfate, 837. 
Tentative Revision of Standard Specifications for Broken Slag for Waterbound Base 
and Wearing Course, 1403. 
Tentative Revision of Standard Specifications for Shovel-Run or Crusher-Run Broken 
Slag for Waterbound Base, 1404. 
Sleeving. 
Tentative Methods of Testing and Tolerances for Tubular Sleeving and Braids, 1252. 
Sligh Oxidation Test. 
See Oxidation Test. 
Sodium Chloride Test. 
Corrosion in Liquids. Report of Subcommittee VII, Committee B-3, 160. 
Sodium Hydroxide Test. 
Corrosion in Liquids. Report of Subcommittee VII, Committee B-3, 160. 
Sodium Sulfate Test. 
Tentative Method of Test for Soundness of Coarse Aggregates by Use of Sodium 
Sulfate or Magnesium Sulfate, 837. 
Tentative Method of Test for Soundness of Fine Aggregates by Use of Sodium Sulfate 
or Magnesium Sulfate, 842. 
Soils. 
Tentative Methods of Test for: 
Centrifuge Moisture Equivalent of Soils, 973. 
Field Moisture Equivalent of Soils, 976. 
Liquid Limit of Soils, 966. 
Mechanical Analysis of Soils, 953. 
Plastic Limit and Plasticity Index of Soils, 970. 
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Soils (Continued): 
Tentative Methods of Test for: 
“4 Preparing Soil Samples as Received from the Field for Mechanical Analysis and 
the Determination of the Subgrade Soil Constants, 950. 
- Shrinkage Factors of Soils, 978. 
Surveying and Sampling Soils for Use in Place as Subgrades for Highways, 940. 
Soundness. 
‘Tentative Method of Test for Soundness of Coarse Aggregates by Use of Sodium 
Sulfate or Magnesium Sulfate, 837. 
Tentative Method of Test for Soundness of Fine Aggregates by Use of Sodium Sulfate 
or Magnesium Sulfate, 842. 
Specifications. 
(Specifications are indexed under the materials and subjects covered by them.) 
Specific Gravity. 
Evaluation of Data (A Statistical Study of Bulk Specific Gravity and Mechanical 
Analysis Tests of Samples of Fine and Coarse Aggregate). Report of Subcommittee 
XI, Committee C-9, 271. 
Tentative Methods of Test for: 
Mechanical Analysis of Soils, 953. 
Solid Filling and Treating Compounds Used for Electrical Insulation, 1006. 
Shrinkage Factors of Soils, 978. ; 
Spectrochemical Analysis. 
Tentative Methods of: 
Quantitative Spectrochemical Analysis of High Grade Pig Lead for Copper, 


_ Bismuth, Silver and Nickel, 1352. 
_ _ Quantitative Spectrochemical Analysis of Zinc Alloy Die Castings for Minor 
Constituents and Impurities, 1362. 
Quantitative Spectrochemical Analysis of Zinc for Lead, Iron and Cadmium, 1357. 
Spectrographic Analysis. 
Spectrographic Analysis. Report of Committee E-2, 508. 
Splice Bars. 
Tentative Revision of Standard Specifications for Quenched High-Carbon-Steel Splice 
Bars, 1374. 
Stainless Steel. 
See Alloy Steel; Corrosion-Resisting Alloys. 
Standardization. 
Annual Address by the President, Hermann von Schrenk, 27. | 
Annual Report of the Executive Committee, 37. 
Cement Reference Laboratory. Report of Subcommittee, Committee C-1, 236. 
Standards. Report of Committee E-10, 517. a 
Summary of the Proceedings of the Thirty-eighth Annual Meeting, 1. _ 
Statistical Analysis. 
“Control Chart’? Method of Analysis and Presentation of Data. Supplement B 
(1935) to A.S.T.M. Manual on Presentation of Data, 1418. 
Evaluation of Data (A Statistical Study of Bulk Specific Gravity and Mechanical 
Analysis Tests of Samples of Fine and Coarse Aggregate). Report of Subcommittee 
XI, Committee C-9, 271. 
Methods of Testing. Report of Committee E-1, 486. 
Presenting + Limits of Uncertainty of an Observed Average. Supplement A (1935) 
to A.S.T.M. Manual on Presentation of Data, 1411. __" alla 


Steel. 
= Corrosion of Iron and Steel. Report of Committee A-5, 81. cieee’ 
. __ Effect of Temperature on the Properties of Metals. Report of Joint Research Com- 
mittee, 121. 


1470 


n- 


SuBJEcT INDEX, PART I 


Fatigue of Metals. Report of the Research Committee, 111. 

Field Tests of Metallic Coatings. Report of Subcommittee VIII, Committee A-5, 88. 

Galvanic and Electrolytic Corrosion. Report of Subcommittee VIII, Committee B-3, 
167. 

Iron-Chromium, Iron-Chromium-Nickel and Related Alloys. Report of Committee 
A-10, 107. 

Magnetic Properties. Report of Committee A-6, 104. 

Notes on Fatigue Tests on Rotating-Beam Testing Machines. Report of the Research 
Committee on Fatigue of Metals, Appendix, 113. 

Proposed Revisions in Tentative Standard for Steel. Report of Committee A-1, 
Appendix, 69. 

Report on Effect of Long-Time Heating With and Without Stress on Impact Resistance 
of 18 per cent Chromium, 8 per cent Nickel Steel (K9 and K19 Steel). Report of 
Joint Research Committee on Effect of Temperature on the Properties of Metals, 
Appendix, 126. 

Report on inspections of metallic coatings on hardware, structural shapes, tubular 
goods, etc., exposed to atmosphere on test racks at five locations, 94. 

The Role of Materials in Modern Housing, by John Ely Burchard, Summary of the 
Proceedings of the Thirty-eighth Annual Meeting, 14. 

Spectrographic Analysis. Report of Committee E-2, 508. 

Statement on principles of testing paints and combinations of paints on steel panels 
(with particular reference to submerged conditions), 322. 

Steel. Report of Committee A-1, 60. 

Symposium on the Place of Materials in Automobile Roads and Rides, Summary of 
the Proceedings of the Thirty-eighth Annual Meeting, 5. 

Tentative Definitions of Terms, with Units and Symbols, Relating to Magnetic 
Testing, 726. 

Tentative Method of Test for Long-Time (Creep) High-Temperature Tension Tests 
of Metallic Materials, 1291. 

Tentative Recommended Practice for Metallographic Testing of Ferrous and Non- 
Ferrous Metals, 1319. 

Tentative Revision of Standard Methods of Test for Magnetic Properties of Iron 
and Steel, 1389. 

Tentative Revisions of Standard Specifications for: 

Alloy-Steel Bolting Material for High-Temperature Service, 1386. _ 
Boiler Rivet Steel and Rivets, 1379. 
_Carbon-Steel Castings for Valves, Flanges and Fittings for High-Temperature 
Service, 1385. 
Commercial Cold-Finished Bar Steels and Cold-Finished Shafting, 1382. 
_ Commercial Quality Hot-Rolled Bar Steels, 1381. 
Forged or Rolled Steel Pipe Flanges for High-Temperature Service, 1387. 
; Lap-Welded and Seamless Steel and Lap-Welded Iron Boiler Tubes, 1384. 
Open-Hearth Carbon-Steel Rails, 1371. 
- Quenched-and-Tempered Alloy-Steel Axles, Shafts and Other Forgings for Loco- 
motives and Cars, 1377. 
- Quenched-and-Tempered Carbon-Steel Axles, Shafts and Other Forgings for — 
Locomotives and Cars, 1376. 
Quenched High-Carbon-Steel Splice Bars, 1374. 
Steel for Bridges, 1379. Oo 
_ Steel for Buildings, 1380. 
Structural Rivet Steel, 1379. 
Structural Silicon Steel, 1380. 
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J Steel (Continued): 
Tentative Revisions of Standard Specifications for: 

Structural Steel for Ships, 1380. 

Welded and Seamless Steel Pipe, 1383. 

Wrought Solid Carbon-Steel Wheels for Electric Railway Service, 1377. 

Carbon-Steel Bars for Railway Springs with Special Silicon Requirements, 1378. 

Carbon-Steel Car and Tender Axles, 1375. 

Tentative Specifications for: 


from 750 to 1100 F., 597. oe 
Axle-Steel Concrete Reinforcement Bars, 552. 
Carbon-Steel and Alloy-Steel Castings for Railroads, 561. 
Carbon-Steel Castings for Miscellaneous Industrial Uses, 568. 


527. 
Cold-Rolled Strip Steel, 544. 
Corrosion-Resisting Chromium-Nickel Steels (Sheet, Strip and Plate), 667. 
Corrosion-Resisting Chromium Steels (Sheet, Strip and Plate), 657. 


677. 
Electric-Resistance-Welded Steel and Open-Hearth Iron Boiler Tubes, 579. 
Electrodeposited Coatings of Cadmium on Steel, 684. 
Electrodeposited Coatings of Nickel and Chromium on Steel, 686. 
Electrodeposited Coatings of Zinc on Steel, 682. 


for Service at Temperatures from 750 to 1100 F., 616. 
Forged or Rolled Steel Pipe Flanges for General Servien, SS. 
Heat-Treated Carbon- and Alloy-Steel Track Bolts, 556. 


(Plates over 2 in. up to and Including 4 in. in Thickness), 539. 


Under in Thickness), 534. 
Seamless Alloy-Steel Pipe for Service at Temperatures from 750 to 1100 F., 605. 
Seamless Cold-Drawn Steel Heat-Exchanger and Condenser Tubes (Sizes "5 in. 
to but not Including 2 in. in Outside Diameter), 585. oe 
Seamless Low-Carbon-Steel Still Tubes for Refinery Service, 590. 


12 per cent Chromium Steel Castings, 623. 
19 per cent Chromium Steel Castings, 627. a _ 
28 per cent Chromium Steel Castings, 631. - 


24 per cent Chromium, 12 per cent Nickel Alloy Steel Castings, 635. 

25 per cent Chromium, 20 per cent Nickel Alloy Steel Castings, 640. 

28 per cent Chromium, 9 per cent Nickel Alloy Steel Castings, 645. 

20 per cent Nickel, 9 per cent Chromium Alloy Steel Castings, 649. 

35 per cent Nickel, 15 per cent Chromium Alloy Steel Castings, 653. 
Still Tubes. 


Service, 590. _ 
See also Aggregates. 


Proposed Method of Test for Abrasion of Coarse Aggregate. Report of Committee 
D-4, Appendix, 350. 

Tentative Method of Test for Determination of Voids in Coarse Aggregate for Con: 
crete (Dry Rodded), 846. 


Alloy-Steel Castings for Valves, Flanges and Fittings for Service at Temperatures 


Carbon-Steel Plates for Boilers and Other Pressure Vessels for Stationary Service, 


Corrosion-Resisting, High-Strength, Chromium-Nickel Steels (Sheet and Strip), 


Forged or Rolled Alloy-Steel Pipe Flanges, Forged Fittings, and Valves and nd Parts 


High Tensile Strength Carbon-Steel Plates for Fusion-Welded Pressure Vessels 


High Tensile Strength Carbon-Steel Plates for Pressure Vessels (Plates 2 in. and 


Tentative Specifications for Seamless Low-Carbon-Steel Still Tubes for Refinery 
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Tentative Method of Test for Soundness of Coarse Aggregates by Use of Sodium 

Sulfate or Magnesium Sulfate, 837. 
Stringers. 

Proposed Revision of Standard Specifications for Structural Wood, Joist and Plank, 
Beams and Stringers, and Posts and Timbers (A.S.T.M. Designation: D 245 — 33). 
Report of Subcommittee I, Committee D-7, Appendix, 364. 

Strip Steel. 
Tentative Specifications for: 
5 Cold-Rolled Strip Steel, 544. 
Corrosion-Resisting Chromium-Nickel Steels (Sheet, Strip and Plate), 667. 
Corrosion-Resisting Chromium Steels (Sheet, Strip and Plate), 657. 
High-Strength Corrosion-Resisting Chromium-Nickel Steels (Sheet and Strip), 
5 Structural Clay Tile. 
See Tile. 
Structural Steel. 


Tentative Revisions of Standard Specifications for: 
_ Steel for Bridges, 1379. 


Steel for Buildings, 1380. 
Structural Rivet Steel, 1379. 
Structural Silicon Steel, 1380 
Structural Steel for Ships, 1380 
Structural Timber. 
Proposed Revision of Standard Specifications for Structural Wood, Joist and Plank, 
ts Beams and Stringers, and Posts and Timbers (A.S.T.M. Designation: D 245 — 33). 
Report of Subcommittee I, Committee D-7, Appendix, 364. 
Sulfuric Acid Test. 
Corrosion in Liquids. Report of Subcommittee VII, Committee B-3, 160. 


els Summary of Proceedings. 
_ Summary of the Proceedings of the Thirty-eighth Annual Meeting, 1. 
nd 
T 
05. Tape. 
in. Tentative Specifications for Insulated Wire and Cable: Class AO, 30 per cent Hevea 


Rubber Compound, 1115. 
Tentative Specifications and Tests for Friction Tape for General Use for Electrical 
Purposes, 1104. 
Tentative Specifications and Tests for Rubber Insulating Tape, 1110. 
Tear Test. 
Tentative Revision of Standard General Methods of Testing Woven Textile Fabrics, 
1407. 
Temperature, Effect of. 
See also Heat Treatment; High Temperature Materials and Tests. 
Effect of Temperature on the Properties of Metals. Report of Joint Research Com- 
mittee, 121. 
nery > Report on Effect of Long-Time Heating With and Without Stress on Impact Resistance 
of 18 per cent Chromium, 8 per cent Nickel Steel (K9 and K19 Steel). Report of 
Joint Research Committee on Effect of Temperature on the Properties of Metals, 
Appendix, 126. 
ittee : Tentative Method of Test for Linear Expansion of Metals, 755. 


Tentative Method of Test for Long-Time (Creep) High-Temperature Tension Tests 


Con of Metallic Materials, 1291. 


Tension Testing. 
Methods of Testing (Cast Iron). Report of Subcommittee XI, Committee A-3, 77. 


Tentative Methods of Test for: 
_ Laminated Round Rods Used in Electrical Insulation, 1026. _— 
Laminated Tubes Used in Electrical Insulation, 1030. 
Long-Time (Creep) High-Temperature Tension Tests of Metallic Materials, 1291. 
Physical Testing of Rubber Products (General Requirements), 1153. 
Sheet and Plate Materials Used in Electrical Insulation, 1067. 
Strength of Rayon Woven Fabric when Wet, 1250. 
Verification of Testing Machines, 1303. 
Tension Testing of Vulcanized Rubber, 1159. 
Tentative Specifications for: 
Automotive Gray-Iron Castings, 709. 
Gray-Iron Castings, 713. 
Insulated Wire and Cable: Class AO, 30 per cent Hevea Rubber Compound, 1115. 
Insulated Wire and Cable: Performance Rubber Compound, 1141. 
Textile Testing Machines, 1200. 
Tentative Revisions. 
(Revisions of Standards and Tentative Standards are given in the reports of the 
standing committees responsible and are also indexed under the subjects covered 


by them.) 
Tentative Revisions of A.S.T.M. Standards, 1371. 
Test Specimens. 
Methods of Testing (Cast Iron). Report of Subcommittee XI, Committee A-3, 77. 
Comparisons of Different Types of Specimens for Compression Tests of Mortar, by 
H. J. Gilkey and H. Walter Leavitt. Report of Committee C-9, Appendix I, 281. 


Testing Apparatus. 
See also Testing, Physical Methods of. 
Cement Reference Laboratory. Report of Subcommittee, Committee C-1, 236. 


Methods of Test for Determining Volume Changes in Concrete, by Raymond E. Davis. 
Report of Committee C-9, Appendix II, 298. 
Notes on Fatigue Tests on Rotating-Beam Testing Machines. Report of the Research 
Committee on Fatigue of Metals, Appendix, 113. 
Proposed Method of Test for Oxidation Number of Lubricating Oils by the Sligh 
Method. Report of Subcommittee X, Committee D-2, Appendix I, 335. 
_ Tentative Methods of Verification of Testing Machines, 1303. 
Tentative Specifications for Round-Hole Screens for Testing Purposes, 1289. 
Tentative Specifications for Textile Testing Machines, 1200. 
Testing, Physical Methods of. 
(Methods of analysis, sampling, testing, etc., and revisions thereof, are also indexed 
under the materials and subjects covered by them.) 
Cement Reference Laboratory. Report of Subcommittee, Committee C-1, 236. 
“Control Chart” Method of Analysis and Presentation of Data. Supplement B 
(1935) to A.S.T.M. Manual on Presentation of Data, 1418. 
Methods of Testing. Report of Committee E-1, 486. 
Notes on Fatigue Tests on Rotating-Beam Testing Machines. Report of the Research 
Committee on Fatigue of Metals, Appendix, 113. 
Presenting + Limits of Uncertainty of an Observed Average. Supplement A (1935) 


to A.S.T.M. Manual on Presentation of Data, 1411. 
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Appendix, 505 
_ Proposed Method of Test for Abrasion of Coarse Aggregate. Report of Committee > 
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Proposed Method of Measurement of Average Particle Diameter of Sub-Sieve Particu- 
late Substances by Dark Field Methods. Report of Section, Committee E-1, ; 


D-4, Appendix, 350. 
Proposed Method of Test for Oxidation Number of Lubricating Oils by the Sligh . 
Method. Report of Subcommittee X,(. nmittee D-2, Appendix I, 335. 
Report on Study of Microscopic Method ot Particle Size Measurement. Report of — 
Section on Sub-Sieve Sizes, Committee E-1, 497. 
Tentative Methods of Test for: 
Linear Expansion of Metals, 755. 
Long-Time (Creep) High-Temperature Tension Tests of Metallic Materials, 1291. _ 
Physical Testing of Rubber Products (General Requirements), 1153. a 
Textile Materials. 
Proposed Revisions in Tentative Standards for Textile Materials. Report of Com- 7 
mittee D-13, Appendix I, 447. 
Tentative Definitions and Terms Relating to Textile Materials, 1273. 


Tentative General Methods of Test for Properties of Cotton Fibers, 1202. 
Tentative Methods of Testing and Tolerances for: 

_ Tubular Sleeving and Braids, 1252. , > 


Woolen Yarns, 1263. 
Worsted Yarns, 1268. 
Tentative Methods of Test for: 
_ Estimating Hard Scoured Wool in Wool in the Grease, 1260. 
_ Fineness of Wool, 1256. 
Identification of Fibers in Textiles and for the Quantitative Analysis of Tex- 
tiles, 1215. 
Pile Floor Covering, 1229. 
Shrinkage in Laundering of Silk and Rayon Woven Broad Goods, 1248. 
Strength of Rayon Woven Fabric when Wet, 1250. > 
Tentative Revisions of Standard: 
General Methods of Testing Woven Textile Fabrics, 1407. 
Methods of Testing and Tolerances for Cotton Sewing Threads, 1406. 
_ Methods of Testing and Tolerances for Hose Ducks and Belt Ducks, 1406. 
_ Methods of Testing and Tolerances for Tire Cord, Woven and on Cones, 1405. 
_ Specifications and Methods of Test for Chafer Tire Fabrics, 1404. 
Tentative Specifications for Textile Testing Machines, 1200. 
Textile Materials. Report of Committee D-13, 435. 
Yarn Number Conversion Table. Report of, Committee D-13, Appendix I, 452, 
Thawing Tests. 
See Freezing-and-Thawing Tests. 


Thermometers, A.S.T.M. 

Air chamber thermometer used in Reid vapor pressure test of motor and aviation — 
gasoline, Specifications for, 906. 

Open flash thermometer, Specifications for, 936. 

Pensky-Martens and Tag flash thermometer, Specifications for, 899. 

Saybolt viscosimeter thermometers, Specifications for, 917. 

Water bath thermometer used in Reid vapor pressure test of motor and aviation 
gasoline, Specifications for, 905. 
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Hollow Masonry Building Units. Report of Committee C-10, 305. 
Tentative Methods of Sampling and Testing Structural Clay Tile, 807. 
Tentative Specifications for: 

Structural Clay Floor Tile, 796. nm 


Structural Clay Load-Bearing Wall Tile, 803. 
Structural Clay Non-Load-Bearing Tile, 800. : ; 
Timber. 
Proposed Revision of Standard Specifications for Structural Wood, Joist and Plank, 
Beams and Stringers, and Posts and Timbers (A.S.T.M. Designation: D 245 - 33). 
Report of Subcommittee I, Committee D-7, Appendix, 364. 


The Role of Materials in Modern Housing, by John Ely Burchard, Summary of the 
Proceedings of the Thirty-eighth Annual Meeting, 14. _ 


Shipping Containers. Report of Committee D-10, 417. 

Specifications for Timber. Report of Subcommittee I, Committee D-7, 362. 
Tentative Specifications for Timber Piles, 868. 

Tentative Specifications for Wood to be Used as Panels in Weather Tests of Paints 


and Varnishes, 895. > 
Timber. Report of Committee D-7, 361. 
Timber Preservatives. 


Tentative Revision of Standard Definitions of Terms Relating to Timber Pe 
tives, 1410. 
Tin. 
Atmospheric Corrosion of Non-Ferrous Metals and Alloys. Report of Subcommittee 
VI, Committee B-3, 142. 


Corrosion in Liquids. Report of Subcommittee VII, Committee B-3, 160. 7 
: Galvanic and Electrolytic Corrosion. Report of Subcommittee VIII, Committee 
B-3, 167. 1 


Tentative Recommended Practice for Metallographic Testing of Ferrous and Non- 
Ferrous Metals, 1319. 
F Tentative Specifications for Lead and Tin-Base Alloy Die Castings, 753. | 
Tinting Strength. 
Tentative Methods of Test for Mass Color and Tinting Strength of Dry Color Pig- V 
ments or Pastes, 882. 
Tentative Method of Test for Tinting Strength of White Pigments or White Pigment 
Pastes, 877. 7 
_ Tire Cord and Fabrics. 
Tentative Methods of Test for Flexing of Rubber Products, 1186. 
Tentative Revision of Standard Methods of Testing and Tolerances for Tire Cord, 
Woven and on Cones, 1405. 
Tentative Revision of Standard Specifications and Methods of Test for Chafer Tire 
Fabrics, 1404. 


V 


Tires. 
Symposium on the Place of Materials in Automobile Roads and Rides, Summary of 
the Proceedings of the Thirty-eighth Annual Meeting, 5. 
Track Bolts. 
Tentative Specifications for Heat-Treated Carbon- and Alloy-Steel Track Bolts, 556. 
Transformer Oils. 
Tentative Method of Test for Viscosity by Means of the Saybolt Viscosimeter, 914. 
Tentative Methods of Testing Electrical Insulating Materials for Power Factor and 
Dielectric Constant, 1044. 
Tentative Revision of Standard Methods of Testing Electrical Insulating Oils, 1403. 
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Transverse Testing. 
See Flexure Testing. 
Trolley Wire. 


Copper Wire. Report of Committee B-1, 133. 
Tentative Revision of Standard Specifications for Copper Trolley Wire, 1391. 
Tentative Specifications for Bronze Trolley Wire, 740. 
Tubes. 
See also Pipe and Piping Materials. 
Report on inspections of metallic coatings on hardware, structural shapes, tubular 
goods, etc., exposed to atmosphere on test racks at five locations, 94. 
e Tentative Methods of Test for: 
Electrical Insulating Materials for Power Factor and Dielectric Constant, 1044. _ 
Flexible Varnished Tubing Used for Electrical Insulation, 1080. 
Laminated Tubes Used in Electrical Insulation, 1030. 
Long-Time (Creep) High-Temperature Tension Tests of Metallic Materials, 1291. 


ts Tentative Revision of Standard Specifications for Lap-Welded and Seamless Steel and 
Lap-Welded Iron Boiler Tubes, 1384. 
Tentative Specifications for: _ 
Electric-Resistance-Welded Steel and Open-Hearth Iron Boiler Tubes, 579. 
a Flexible Varnished Tubing Used in Electrical Insulation, 1003. 
Seamless Cold-Drawn Steel Heat-Exchanger and Condenser Tubes (Sizes } in. to 
= but not Including 2 in. in Outside Diameter), 585. 


Seamless Low-Carbon-Steel Still Tubes for Refinery Service, 590. 


Oil. 
Lee Tentative Revision of Standard Specifications for Raw Tung Oil, 1397. 


Turbidimeter. 
n° Tentative Method of Test for Fineness of Portland Cement by Means of the Turbid- 
imeter, 777. 
V 
Valves. 
Tentative Specifications for Alloy-Steel Castings for Valves, Flanges and Fittings for 
ent Service at Temperatures from 750 to 1100 F., 597. 
Tentative Specifications for Forged or Rolled Alloy-Steel Pipe Flanges, Forged Fittings, 
and Valves and Parts for Service at Temperatures from 750 to 1100 F., 616. 
ord, Vapor Pressure. 
Tentative Method of Test for Vapor Pressure of Motor and Aviation C yasoline (Reid 
Tire Method), 903. 
Varnish. 
Preservative Coatings for Structural Materials. Report of Committee D-1, 314. 
y of Tentative Methods of Test for: 
Flexible Varnished Tubing Used for Electrical Insulation, 1080. 
_ Oleo-Resinous Varnishes (Skinning Test, Alkali Resistance, Acid Number), 887. 
556 Varnishes Used for Electrical Insulation, 1084. 
Tentative Specifications for Flexible Varnished Tubing Used in Electrical Insula- 
4. tion, 1003. 
and Tentative Specifications for Wood to be Used as Panels in Weather Tests of Paints 
mm and Varnishes, 895. 
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Viscosity. 
See also Consistency; Penetration. 
Tentative Methods of Test for: 

Emulsified Asphalts, 923. 

Soluble Nitrocellulose Base Solutions, 889. 

Varnishes Used for Electrical Insulation, 1084. 

Viscosity by Means of the Saybolt Viscosimeter, 914. 

Viscosity-Gravity Number. 
Diesel-Fuel-Oil Classification. Report of Committee D-2, Appendix II, 340. 
Voids. 
Tentative Method of Test for Determination of Voids in Coarse Aggregate for Con- 
crete (Dry Rodded), 846. 

_ Volume Change. 

Methods of Test for Determining Volume Changes in Concrete, by Raymond E. Davis. 
Report of Committee C-9, Appendix II, 298. 

Tentative Method of Test for Shrinkage Factors of Soils, 978. 

Tentative Methods of Testing Solid Filling and Treating Compounds Used for Elec- 
trical Insulation, 1006. 


Vulcanized Rubber. 
See Rubber Products. 


Water. 


{ 


See also Absorption; Moisture. 
_ Problems in the Standardization of Methods for Sampling Water for Industrial Pur- 
poses. Report of Committee D-19, Appendix, 481. 

Tentative Methods of Testing Emulsified Asphalts, 923. 

Water for Industrial Uses. Report of Committee D-19, 479. 

Water Gas Tar. 
Tentative Revision of Standard Definitions of Terms Relating to Timber Preserva- 
tives, 1410. 
Waterproofing. 
See Asphalt. 
Weathering. 

See also Corrosion. 

Accelerated Weathering Tests. Report of Subcommittee VIII, Committee D-8, 397. 

Atmospheric Corrosion of Non-Ferrous Metals and Alloys. Report of Subcommittee 
VI, Committee B-3, 142. 

Comparison of Natural Weathering with Laboratory Tests of Clay Brick, by D. E. 
Parsons. Report of Subcommittee XI, Committee C-3, Appendix II, 252. 

The Relation of Freezing-and-Thawing Resistance to Physical Properties of Clay and 
Shale Building Brick, by J. W. McBurney. Report of Subcommittee XI, Com- 
mittee C-3, Appendix I, 247. 

Statement on principles of testing paints and combinations of paints on steel panels 
(with particular reference to submerged conditions), 322. 

Tentative Method of Test for Soundness of Coarse Aggregates by Use of Sodium 

Sulfate or Magnesium Sulfate, 837. 

Tentative Method of Test for Soundness of Fine Aggregates by Use of Sodium Sulfate 
or Magnesium Sulfate, 842. 

Tentative Specifications for Wood to be Used as Panels in Weather Tests of Paints 
and Varnishes, 895. 

Weathering and Porosity (of Brick). Report of Subcommittee XI, Committee C-3, 
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Tentative Specifications for Lead-Coated Copper Sheets, 746. 
Welding. 


| 


1479 


SUBJECT INDEX, PARTI 
‘Weight. 


Tentative Methods of Sampling and Testing Structural Clay Tile, 807. 
Weight of Coating Test. 


Tentative Revisions of Standard Specifications for: _ 
Steel for Bridges, 1379. ; | 
Steei for Buildings, 1380. = * 
Structural Silicon Steel, 1380. 

Tentative Specifications for: 


_ Carbon-Steel Plates for Boilers and Other Pressure Vessels for Stationary Serv- 


ice, 527. 
Electric-Resistance-Welded Steel and Open-Hearth Iron Boiler Tubes, 579. 
High Tensile Strength Carbon-Steel Plates for Fusion-Welded Pressure Vessels 
(Plates over 2 in. up to and Including 4 in. in Thickness), 539. 
High Tensile Strength Carbon-Steel Plates for Pressure Vessels (Plates 2 in. and 
Under in Thickness), 534. 
Wheels. 
Tentative Revision of Standard Specifications for Wrought Solid Carbon-Steel Wheels 
for Electric Railway Service, 1377. 
Wire. 
Atmospheric Exposure Tests on Non-Ferrous Screen Wire Cloth, by G. W. Quick. 
Report of Committee D-14, Appendix, 458. 
Copper Wire. Report of Committee B-1, 133. 
Screen Wire Cloth. Report of Committee D-14, 457. 
Specifications for Metallic-Coated Products. Report of Subcommittee VI, Com- 
mittee A-5, 86. 
Tentative Revision of Standard Specifications for Copper Trolley Wire, 1391. 


Tentative Specifications for: 
Bare Stranded Copper Cable: Hard, Medium-Hard or Soft, 736. 


Bronze Trolley Wire, 740. 
Copper-Silicon Alloy Wire for General Purposes, 750. 
Insulated Wire and Cable: Class AO, 30 per cent Hevea Rubber Compound, 1115. 


Insulated Wire and Cable: Performance Rubber Compound, 1141. 
Wood. 


Wool. 
Tentative Methods of: 


Estimating Hard Scoured Wool in Wool in the Grease, 1260. 
Identification of Fibers in Textiles and for the Quantitative 
tiles, 1215. 
Test for Fineness of Wool, 1256. 
Testing and Tolerances for Woolen Yarns, 1263. 
Testing and Tolerances for Worsted Yarns, 1268. 
Textile Materials. Report of Committee D-13, 435. 
Yarn Number Conversion Table. Report of Committee D-13, Appendix II, 452. 
Wrought Iron. 
Corrosion of Iron and Steel. Report of Committee A-5, 81. 
Proposed Revisions in Tentative Standards for Wrought Iron. Report of Committee- 
A-2, Appendix, 73. 
Tentative Recommended Practice for Metallographic Testing of Ferrous and Non- 
Ferrous Metals, 1319. 
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Wrought Iron (Continued): 
Tentative Revisions of Standard Specifications for: 
Common Iron Bars, 1388. 
_ Hollow Rolled Staybolt Iron, 1389. 
Refined Wrought-Iron Bars, 1388. 
_ Staybolt, Engine-Bolt and Other High-Grade Wrought-Iron Bars, 1388. 
Wrought-Iron Rolled or Forged Blooms and Forgings for Locomotives and 
Cars, 1388. 
Tentative Specifications for: 
Electric-Resistance-Welded Steel and Open-Hearth Iron Boiler Tubes, 579. 
Uncoated Wrought-Iron Sheets, 701. 
Wrought-Iron Plates, 690. 
Wrought-Iron Rivets and Rivet Rounds, 696. 
Zinc-Coated (Galvanized) Wrought-Iron Sheets, 704. 
‘Wrought Iron. Report of Committee A-2, 70. 


Report of the Research Committee, 111. 


_ Fatigue of Metals. ‘ f Res 
Y 


Yarns. 
Tentative Methods of Testing and Tolerances for: 


Rayon, 1233. 
Woolen Yarns, 1263. 
Worsted Yarns, 1268. 


Yarn Number Conversion Table. Report of Committee D-13, Appendix II, 452. 
Yield Strength. 
Tentative Definitions of Terms Relating to Methods of Testing, 1315. 


Zinc. 
See also Galvanizing. 


Atmospheric Corrosion of Non-Ferrous Metals and Alloys. Report of Subcommittee 
VI, Committee B-3, 142. 

Description of the photographic inspection of die-cast specimens exposed for 4 years 
at six outdoor locations, 214. 

Exposure and Corrosion Tests. Report of Subcommittee V, Committee B-6, 190. 
Discussion, 227. 

Galvanic and Electrolytic Corrosion. Report of Subcommittee VIII, Committee 
B-3, 167. 

Report on inspections of metallic coatings on hardware, structural shapes, tubular 
goods, etc., exposed to atmosphere on test racks at five locations, 94. 

Tentative Method of Quantitative Spectrochemical Analysis of Zinc Alloy Die Castings 
for Minor Constituents and Impurities, 1362. 

Tentative Method of Quantitative Spectrochemical Analysis of Zinc for Lead, Iron 
and Cadmium, 1357. 

Tentative Recommended Practice for Metallographic Testing of Ferrous and Non- 
Ferrous Metals, 1319. 

Tentative Revision of Standard Specifications for Slab Zinc (Spelter), 1391. 

Tentative Specifications for Electrodeposited Coatings of Zinc on Steel, 682. 

Tentative Specifications for Zinc-Coated (Galvanized) Wrought-Iron Sheets, 704. 
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Zinc Pigments. 

Proposed Method of Measurement of Average Particle Diameter of Sub-Sieve Particu- 
late Substances by Dark Field Methods. Report of Section, Committee E-1, 
Appendix, 505. 

Report on Study of Microscopic Method of Particle Size Measurement. Report of 
Section on Sub-Sieve Sizes, Committee E 1, 497. 

Tentative Method of Test for Comparative Hiding Power of White Pigments, 874. 

Tentative Method of Test for Tinting Strength of White Pigments or White Pigment 
Pastes, 877. 
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